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NOTE  TO  SEVENTEENTH  EDITION 

WiTR  this  edition  the  OAme  is  cbaoged  from  Pocket-Book  to  Handbool 
The  work  has  been  revised,  some  chapters  rewritten,  new  chapters  addec 
and  a  new  Index  made.    Many  cuts  have  been  reengraved. 

The  twenty-nine  chapters  of  Part  II  have  been  revised  where  necessary  t 
make  the  data  agree  with  the  latest  research  and  practice,  and  two  new  chaptei 
have  been  added,  Chapter  XXX,  on  Specifications  for  the  Steelwork  of  Builc 
ings,  by  Robins  Fleming,  and  Chapter  XXXI,  on  Domical  and  Vaulted  Stru< 
tures,  by  Edward  F.  Ries.  Chapter  XXIII,  on  Firei)roofing  of  Buildings,  an 
Chapter  XXIV,  on  Reinforced-Concrete  Construction,  have  been  rewritten  b; 
Rudolph  P.  Miller.  In  Part  HI,  the  sections  on  Hinting  and  Ventilation,  an 
Chimney  Construction,  have  been  entirely  rewritten  by  Louis  A.  Harding 
The  new  chapters  and  sections  indude  numerous  practical  examples  of  every 
day  problems,  with  solutions  worked  out  in  complete  detail. 

In  addition  to  the  new  chapters,  numerous  new  articles  have  been  added  t< 
the  text  and  illustrations  of  Part  U,  on  the  following  subjects:  New  Data  oi 
Building  Laws  Relating  to  Loads  on  Masonry;  Graphical  Method  of  Detemiin 
ing  the  Center  of  Gravity  of  Plane  Figures  or  Sections;  Graphical  Method  o 
Determining  Moments  of  Inertia  of  Plane  Figures;  Triangular  Loading;  £dc 
Connections  of  Tension-Members;  New  Wire-Data;  New  Matter  on  Gauges 
New  Matter  on  Chains;  Graphical  Method  of  Determining  the  Deflection  oi 
Beams;  Secondary  Stresses;  Angles  Used  as  Beams;  Data  on  Girderlcss 
Reinforccd-Concrete  Fkxirs;  Data  on  Tanks,  and  on  Stresses  in  Cylindrical 
Tanks,  etc.  Other  revisions  and  additions  have  been  made,  including  new 
sectbns  relating  to  the  Registration  of  Architects,  Standard  Documents  of  the 
American  Institute  of  Architects,  Architectural  Education,  etc. 
.  In  its  revised,  compact,  and  convenient  form,  the  Editor  believes  that  the 
work,  more  than  ever  before,  will  maintain  its  preeminence  as  the  authoritative 
Handbook  of  Building-Construction. 

Philadelphia,  July,  1921. 
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PREFACE  TO  SDCTEENTH  EDITION 

Db  c&usesin  the  fifteenth  edition,  publisbed  in  1908^  consisted  principally 
i  ike  xtvntifig  ci  the  two  chapters  oa  Fireproo&og  of  Buildings  and  Reinforced 

Id  :$j2  the  osdersigned  was  asked  to  undertake  the  revision  of  the  entire  book 
kidi  tk  cooperation  of  a  corps  of  Associate  Editors^  each  highly  qualified  to 
toda  *J&  accessary  a  s*g  stance  in  matters  pertaining  to  his  own  work.  On 
KzaaU  of  the  camprehcnsive  nature  of  the  contents  of  the  Pocket-Book,  the 
OBQQT  reci^t  rhangps  and  rapid  developments  in  different  fields  of  architectural 
xsj^iJxsa,  and  the  consequent  effect  of  such  changes  on  the  interrelated 
mJKXs  treated,  the  Editor-in-Chief  decided  to  rewrite  and  reset  the  entire 
bioL  After  more  than  tliree  years  of  arduous  labor,  in  which  the  Associate  £dl- 
tm  od  many  other  contributors  have  most  ably  and  generously  assisted,  the 
Stw  £idd<r  is  about  to  be  pablished. 

I:  vas  decided  to  retain  l^lr.  Kidder's  original  arrangement  of  the  subject- 
■£ier  which  is  divided  into  three  Parts,  Part  I  dealing  with  practical  applica- 
Dcs  cf  Arirhmetic,  Geometry  and  Trigonometry,  Part  II  with  the  Materials 
ct  CoQ^ructioD  and  the  Strength  and  Stability  of  Structiures,  and  Part  III  with 
ws'tTflnmos  useful  iniormation  for  architects  and  builders.    Each  of  the 
tPBBZy-cbe  chapters  o£  Part  II,  however,  has  the  name  of  the  Associate  Editor 
^  revised  or  rewrote  it  printed  with  the  chapter-caption.    Part  I  has  been 
a'sfufiy  checked   and  much  of  the  matter  rearranged.    The  twenty-eight 
<&Dtas  of  Part  II  have  been  rewritten  and  one  new  chapter  has  been  added  on 
if  sicffced-CoBcrete  Mill  and  Factoiy-Construction.    Part  III  has  been  largely 
Kvziien  and  all  subjects  retained  have  been  thoroughly  revised.    To  this  part, 
^  mudi  new  matter  has  been  added,  such  as  extended  tables  of  Specific  Gravi- 
ng and  Weq^ts  of  Substances,  Architectural  Acoustics,  Waterproofing  for 
I  udatioQ^  the  Quantity  System  of  Estimating,  the  Standard  Documents  of 
VB  Ancrican  Institute  of  Architects,  Educational  Societies  of  the  World  and 
crasded  Ests  of  Architectural  Schoofe,  Books  and  Periodicals. 

Toe  ££tor-in-Chief  has,  with  very  few  exceptions,  personally  checked  on 
csery  page  of  manuscript,  galley-proof  and  page-proof  the  equations,  formulas, 
GzrpctatioQs  and  problems,  and  has  read  or  examined  carefully  every  word» 
ipre  and  iUustiation,  every  detail  of  syntax,  i>aragraphing,  punctuation  and 
tj7u(^&phy,  and  every  arrangement  of  tables^  captions,  classifications,  notation^ 
I^St  of  Qmtcnts  and  Index. 

He  is  reqiOBatbie  kr  many  changes  in  the  form  of  presentation  of  data  which 
r  ^  hoped  will  add  to  the  Pocket-Book  still  more  of  that  efficiency  and  practical 
tepruioeas  for  which  it  has  been  so  long  noted.  Some  of  these  changes  may  be 
tar%  nxntk»ied.  The  text  has  been  entirely  reset;  the  type,  while  slightly 
■iJkr,  b  dearer  and  has  the  lines  and  paragraphs  separated  by  wide  leads; 
a^cdal  type  is  used  for  the  tables;  the  paragraphing  is  revised  throughout  and 
my  puagraph  has  a  black-face  type  caption  descriptive  of  the  subject-matter; 
*>dB  in  italics  or  with  quotation-marks  are  seldom  used,  words  in  small  caps 
tikag  their  place;  every  chapter  is  divided  into  numbered  chapter-subdivisions 
lU  are  briefly  descriptive  of  the  classified  matter;   the  number  of  cross- 
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references  is  largely  increased  and  the  page-numbers  of  such  references  are  aim 
always  added;  many  tables  and  diagrams  which  in  the  former  editions  r« 
lengthwise  of  the  page  have  been  reset  or  reeugraved  to  read  across  the  p&ge 
greater  a>nvenience;  the  number  of  illustrations  has  been  largely  increased,  mc 
old  cuts  reused  have  been  reengraved,  and  some  diagrams  printed  with  lines 
different  colors  to  make  the  demonstrations  dearer;  a  descriptive  caption  1 
been  added  to  every  illustration;  the  abbreviations  Chap.  I,  Chap.  II,  etc.,  hs 
been  printed  ^ith  each  page-caption  of  the  left-hand  pages^  thus  avoiding  t 
necessity  of  referring  to  the  Table  of  Contents  to  locate  any  particular  chapt 

The  Editor-in-Chief  decided  to  change  some  of  the  unit  stresses,  esF>ecia 
those  for  the  different  woods,  and  in  some  cases  to  recommend  more  conservat:i 
values,  and  he  believes  that  residts  baseA  upon  such  stresses  conform  to  the  l> 
engineering  practice.  This  change  necessitated  the  revision  of  many  tables  a 
problems  throughout  the  book  which  had  to  be  entirely  recalculated.  Niun 
ous  practical  problems  with  complete  solutions  have  been  added.  The  deri^ 
tion  of  many  of  the  fonjiulas  used  has  been  explained,  either  in  the  body  of  1 
text  or  in  extended  foot-notes,  for  those  who  wish  to  understand  as  well  as  to  i 
such  formulas,  and  numerous  cross-references  accompanying  them  enable  t 
reader  to  use  the  Pocket-Book  as  a  textbook  for  certain  parts  of  the  mechaxi 
of  materials  as  well  as  a  handbook  for  office  work.  The  tables  of  the  propert: 
of  structural  shapes,  of  safe  loads  for  columns,  beams  and  girders,  etc.,  have  be 
revised  and  numerous  new  tables  added.  The  Editor  has  found  that  it  is  the  cc 
sensus  of  opinion  among  architects  that  the  insertion  of  these  tables  is  a  grc 
convenience  and  for  their  ordinary  office  work  condenses  into  one  handy  "vn 
ume  much  of  the  essential  data  of  several  manufacturers'  handbooks. 

The  difficulty  of  securing  a  unity  of  treatment  and  of  avoiding  repetitions  a: 
contradictions  in  a  book  of  reference  the  data  of  which  cov^ers  so  many  subje< 
and  is  written  by  so  many  contributors  has  been  fully  realized;  but  it  is  believ 
that  in  these  respects  the  New  Kidder  is  reasonably  successful  and  will  mc 
with  the  approval  of  all  who  use  it. 

Acknowledgments  and  thanks  are  due  the  Associate  Editors  for  their  hear 
cooperation  and  generous  contributions  of  the  time  and  labor  taken  from  tht 
professional  work.  Acknowledgment  is  made,  also,  of  the  valuable  assistan 
of  all  others  who  have  furnished  new  or  revised  old  data,  and  of  many  helpl 
suggestions  from  Mrs.  F.  E.  Kidder  and  from  the  publishers. 

The  Editor-in-Chief  expresses  the  hope  that  for  the  architects  and  builde 
of  this  country  the  new  Pocket-Book  will  continue  to  be,  as  Mr.  Kidder  expresst 
it  in  his  preface  to  the  first  edition  in  1884,  "a  compendium  of  practical  fact 
rules  and  tables  presented  in  a  form  as  convenient  for  application  as  possibl 
and  as  reliable  as  our  present  knowledge  will  permit ; "  and  also,  in  its  presei 
extension  and  fuDer  development,  a  work  which  will  lead  to  a  still  clearer  unde 
standing  of  the  essential  principles  of  sound  architectural  construction. 

THOMAS  NOLAN. 
Pbiladblphia,  September,  19x5. 


•      PREFACE  TO   FOURTEENTH  EDITION 

Ii  ■  00V  nearly  twenty  years  ance  the  author,  then  quite  a  young  man, 
Mjrfeted  the  fim  editina  of  this  work,  which,  although  containing  but  586 
^es.  hid  requiicd  about  three  years  for  its  preparation.  At  that  time  the 
falkr  thought  be  had  covered  all  of  those  practical  details  relating  to  the 
kBBiog  and  construction  of  buildings,  with  which  the  architect  was  concerned, 
(■ao^-  veil,  and  it  would  appear  as  though  the  purchasers  of  the  book  thought 
»feoo.  bat  as  the  years  have  come  and  gone,  so  many  and  such  great  improve- 
KHs  h»T  taken  place  in  the  building  world,  so  many  articles  invented,  new 
adhodi  of  construction  developed,  higher  standards  established,  that  the  present 
(ttoo,  ahhniigh  containing  nearly  three  times  as  many  pages,  is  perhaps  not 
as  complete,  tor  the  timesy  than  was  the  first  edition. 

When  pr^taring  the  first  edition,  it  was  the  aim  of  the  author  to  give  to 
■hiiects  and  builders  a  handbook  which  should  be,  in  its  field,  as  useful  an<t 
Ahk  as  Trautwine's  had  been  to  dvil  engineers;  and  with  that  object  con- 
tmsij  m  view,  the  book  has  been  revised  from  time  to  time  to  meet  the  changed 
aitioQs  m  buikiing  construction  and  equipment. 

JMMiit  three  jrears  ago  it  was  thought,  by  the  publishers  and  the  author,  that 
I  ianqgli  and  oxx^ilete  revision  of  the  book  should  be  imdertaken,  and  although 
Ai  R^writiog  of  a  work  of  this  character,  even  with  the  thirteenth  edition  to 
■B  inn,  involved  many  months  of  close  and  constant  application,  the  utiliza- 
dm  of  those  hours  which  one  ordinarily  takes  for  recreation,  and  at  the  best 
less  inteinq>tion  to  his  regular  buainesa^  and  consequent  reduction  in 
the  vriter  undertook  to  prepare  a  work  of  a  still  wider  scope,  and  which 
ikdd  he  thoconghly  up-to-date  in  every  particular,  or  at  least  as  far  as  ia 
pfinhlr,  in  a  work  reqiuring  a  period  of  three  years  in  its  preparation,  and 
fno  that  time  to  this  be  has  spared  no  labor  or  expense  to  make  the  book  as 
naid  and  complete  as  he  possibly  could,  without  making  it  too  bulky. 

li  this  revision  the  author  has  had  in  view: 

at  A  rcfexcnce-book  which  should  contain  some  information  on  every  subject 
(oEcpt  design)  likely  to  come  before  an  architect,  structural  engineer,  draughts- 
Bft.  or  master-builder,  including  data  for  estimating  the  approximate  cost. 

ji  To  as  thoroughly  cover  the  subject  of  architectural  engineering  as  is 
larrinbie  in  a  handbook. 

ji  To  present  all  information  in  as  simple  and  convenient  a  form  for  immedi- 
a&  ippiicition  as  is  consistent  with  accuracy.  To  this  end  a  great  many  new 
Hhies,  amnged  and  computed  by  the  author,  have  been  inserted. 

At  the  time  the  first  edition  was  written,  the  term  "  Architectural  Engineering  " 
faal  not  been  used  in  its  present  application,  and  the  term  **  Structural  Engineer- 
i^""  when  used,  referred  almost  exclusively  to  bridge  work. 

To-day,  structural  and  architectimd  engineers  are  concerned  almost  exclusively 
li^  b-jiUing  construction,  and  their  work  is  more  closely  allied  to  that  of  the 
MdrntCi  than  to  that  of  the  dvil  engineer;  hence  the  author  has  had  in  mind 
tk  needs  of  the  structural  engineer  and  draughtsman  as  well  as  those  ol  the 
and  bulkier,  and  the  book  should  be  of  nearly  equal  value  to  both. 
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X  Preface  to  Fourteenth  Edition 

Where  it  was  impossible,  for  lack  of  space,  to  go  extensively  into  any  sut! 
references  to  other  books  or  sources  of  information  have  been  given,  so  tbi 
this  way  the  book  may  serve  as  a  general  index  to  the  many  lines  of  m 
materials,  and  manufactured  products  entering  into  the  planning^  construct 
and  equipment  of  buildings. 

To  attain  the  objects  in  view,  it  has  been  necessary  to  add  considerably  tc 
number  of  pages,  but  as  experience  has  shown  that  the  book  is  used  princif 
at  the  desk  or  draughting-table,  and  is  seldom  carried  in  the^pocket,  it  is  beli4 
that  the  convenience  of  having  everything  in  one  book  will  more  than  offset 
disadvantage  resulting  from  increase  in  bulk. 

Nearly  the  entire  book  baa  been  re-written,  and  great  pains  have  been  ts 
to  furnish  reliable  data.  A  large  ntunber  of  experts  in  various  lines  have  asai 
the  author,  as  is  manifest  by  the  foot-notes  and  references.  To  alt  of  such» 
to  the  many  authors  of  technical  worka,  and  to  the  publishers  of  techr 
journals,  who  have  kindly  consented  to  the  use  of  cuts  and  data,  the  aut 
takes  pleasure  in  acknowledging  his  indebtedness.  Also  to  Mr.  E.  S.  Hanc 
New  York,  who,  for  many  years,  has  rendered  material  assistance  in  oollec 
data  along  the  hne  of  manufactured  products. 

The  names  and  addresses  of  manufacturers  have  been  given  solely  for 
convenience  of  the  users  of  the  book,  and  not  for  any  pecuniary  constderati^ 
in  fact,  if  money  considerations  had  solely  appealed  to  the  writer,  this  book  wc 
never  have  been  re-written,  because  a  technical  work  of  this  character  can  n< 
adequately  compensate,  in  money,  for  the  time,  labor,  and  thought  require* 
its  prepamtion.  The  many  words  of  appredation  which  have  come  to  the  aut 
from  hundreds  of  those  who  have  found  the  book  useful  have  been  a  gi 
stimulus  to  further  increase  its  usefulness. 

As  in  the  former  prefaces,  the  author  requests  that  any  one  discovering  en 
in  the  work  or  who  may  have  any  suggestions  looking  to  the  further  impro 
ment  of  the  book,  will  communicate  the  same  to  him,  that  the  book  may  be  m 
as  complete  and  reliable  as  possible. 

Finally,  the  author  desires  to  acknowledge  his  indebtedness  to  the  publish 
who  have  heartily  seconded  his  efforts  in  every  particular,  and  who  have  spa 
no  pains  or  expense  to  make  a  perfect  handbook. 

F.  £.  KIDDEB 

Dbnvek*  Colo.,  July  i8th,  1904. 
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PART  I 

PRACTICAL 
kRITHMETIC,  GEOMETRY  AND  TRIGONOMETRY 

KULES,    TABLES  AND  PROBLEMS 


Involutioii  and  Evolutioa 


1.  PBACTICAL  AUrmiETIC 

Xft&ematical  Sifni  and  Charactdn* 

Tk  faloviiic  aisns  and  characten  are  geneiaUy  used  t»<teDote  and  abbievi* 
Retk  aevenl  mathematical  operations: 
Ikagn  ■  means  equal  to,  or  equality; 

—  means  minus  or  less,  or  subtraction; 
+  means  plus*  or  addition; 
X  means  multiplied  by,  or  multiplication; 
•^  or  /  means  divided  by»  or  division; ... 

are  indexes  or  powers,  meaning-.  tHat  the  number  to  which  they 
are  added  is  to  be  squared  C)  or  cubed  (*); 


:  is  to  ^ 

: :  sois  > 

:to      ) 


are  signs  of  proportion; 


V  is  the  KADKAL  SIGN  and  means  that  the  tquare  rodt  af  tht  num- 
ber before  which  it  is  placed  b  to  be  extracted; 

^  means  that  the  cube  root  of  the  number  before  which  it  is 
placed  is  to  be  extracted; 

—  the  BAM.  indicates  that  all  the  numbers  under  it  ace' to.  be  taken 
together; 

( )  the  PAnENiHBsis  means  that  all  the  numben  between  are  to  be 
taken  as  one  quantity; 
.  means  decimal  parts;  thus,  3.5  means  2Mo»  0.46  means  ^t*. 
*  means  degrees, '  minutes  and  "  seoands; 


feet; 
means  inches. 


InTalvliott 


Tt  S^aart  a  Hnmber,  multiply  the  number  by  itself,  and  the  product  will 
ktbesqvare;  thus,  the  square  of  18  •«  t8*««  i8x  18-  3^4- 

Tkt  Cube  of  a  Hvmber  is  the  product  obtained  by  multiplying  the  number 
\9  itseU,  and  that  product  by  the  number  again;  tbusi  the  cube  of  14  •-  14' » 

t4XMXl4- 3744- 

The  Feorth  Fownr  of  a  Hnmbar  is  the  product  obtained  by  multiplsdng 
kaanbcr  by  itself  four  times;  tjbiu^  the  fourth  power  of  io«  10*-  zoX  xoX 
BXio*  xoooo. 

<  I 
Srdltttion 

SvMie  Hoot    Rule  for  extracting  the  square  root  of  a  number: 
(i)  Divide  the  given  number  into  periods  of  two  figures  each,  commencing 
ttfae  light  if  it  is  a  whole  number,  and  at  tbedadnud  polttit  If  there  are  decimals; 

•      •      •  •       a 

ks^  10236^x36. 

(»)  Fiad  the  largest  square  in  the  left-hand  period,  and  place  its  root  in  the 
holiest;  subtract  the  said  square  from  the  left-hand  period,  and  to  the  re- 
■ioder  bring  down  the  next  period  for  a  new  dividend.  '   •• 

(3}  Doable  the  root  already  found,  and  annex  one  cipher  fpr  a  trial-divisor; 
a  hov  many  times  it  will  go  in  the  dividend*  and  put  the  number  in  the  quotient 

•  See,  also,  pagts  la  md  ttSrPart  IL 


4  Fmcdcal  Arithmetic  Part  : 

and  alflo  in  place  of  the  cipher  in  the  diviaor.  Multiply  thb  final  divisor  by  th/ 
number  in  the  quotient  JUSt  JoiW^  subtfact  .the  product  from  the  dividend 
and  to  the  remainderrofb^own'the  next  period  for  a  new  dMdend  and  proceec 
as  before.  If  it  should  ^  fouiyi  that  the  trial  divisor  cannot  be  contained  in  the 
dividend,  bring  down  the  next  period  for  a  new  dividend,  annex  another  dphei 
to  the  Crial  divisor,  put  a  dpher  in  the  quotient  and  proceed  as  before. 

•      •      •        •      • 

Biampie.  10236.8126  (zoi.17,  the  square  not 

901)0236 
aoz 


9021)3581 
oosz 


90227)  ZS6036 

141589 

1443^ 

Cube  B«ot*  To  eztiatt  the  eabe  loot  of  a  number,  point  off  the  numbes 
from  right  to  left  into  periods  of  three  figures  each,  and,  if  there  is  a  dedzna^ 
commence  at  the  dedmal.  point  and  point  off  into  periods,  soing  both  wasrs. 

Ascertain  the  highest  root  of  the  fiist  period,  and  place  it  to  the  right  of  th( 
number^  as  in  long  division;  cube  the  root  thus  found  and  subtract  from  th< 
first  period;  to  the  remainder  annex  the  next  period;  square  the  root  already 
found,  multiply  by  thne  aadannex  two  ciphers  for  the  trial  divisor.  Find  ho^ 
many  times  this  trial  divisor  is  contained  in  the  dividend  and  write  the  result 
in  the  vooft. 

Add  together  the  trial  divisor,  three  times  the  product  of  the  first  figure  oi 
the  root  by  the  second  with  one  cipher  annexed,  and  the  square  of  the  second 
figure  in  the  root;  multiply  the  siun  by  the  last  figure  in  the  root,  and  subtract 
from  the  dividend;  to  the  remainder  annex  the  next  period  and  proceed  as  before 

When  the  trial  divisor  is  greater  than  the  dividend,  write  a  dpher  in  the  rooti 
annex  the  next  period  to  the  dividend  and  proceed  as  before. 

Example.    Required,  the  cube  root  of  493039  or  v^493039 

493039(79»  the  cube  root 
7X7X7-343 
7X7X3- »470o 


7X9X3-    1890 
9X9-       «t 


16671 


150039 


150039 


Requtredt  the  cube  root  of  403^83419  or  -^403583419 

4035^-4x9(73*9^  the  cube  loi* 
7X7X7-343 


rX7XA-X47oo 

7X3X3-     630 

3X3-         9 

€o$8s 

15339 

46017 

73X73X3-tS9«700 

73X  9X3-     x^to 

♦  X9-          «i 

14566419 

xiiSi^ft 

i4S9A4Xf 

Evolution 


Reqiiired,  the  ciibe  root  of  158252.632929  or  '^^158252. 63 2929 

•     ■     •    • 

158252.632929(54^1  the  cube  root 
5X5X5  -125 

5  X  5  X  3  -  7500 
SX4X3-  600 
4X4-     16 


81 16 


540X540X3"*  87480Q00 

540X     9X3-     145800 

9X9-  81 


87625881 


33353 


32464 


788632929 


788632929 


TABLES 

oi 

SQUARES,    CUBES,   SQUARE   ROOTS,  CUBE 
ROOTS    AND  RECIPROCALS 

From  I  to  1054 


The  foDowing  table,  taken  from  Searie's  Field  Engineering,  will  be 
found  of  great  convenience  in  finding  the  square,  cube,  square  root,  cube 
root  and  recifHocal  of  any  number  from  i  to  1054.  The  reciprocal  of 
t  Bomber  is  the  quotient  obtained  by  dividing  i  by  the  number.  Thus, 
the  reciprocal  of  8  is  x  -I-  8  ^  0.125. 


Practical  Arithmetic 


No. 

Sqiura 

C»l», 

••J^™         Cab.  tooU 

1 

.0000000 

.0000000 

8 

.4142136 

27 

.7320S08 

H 

2 

IM 

:a360080 

3« 

Z16 

.4404897 

,6457G13 

.142857148 

64 

ei2 

.8284271 

.120000000 

81 

72» 

.0000000 

oeoosaj 

.111111111 

1U4347 

1331 

2Z3S801 

ioweoHODi 

IM 

1728 

: 4641016 

S8M286 

.OOOUIS 

3S13347 

!07MZ8571 

3375 

4662121 

4006 

sies42i 

4013 

4 .  1231056 

861 

essB 

iiV^^ 

iiil 

:0B26aie7B 

SquKKs,  Cubes.  Square   Roots,  Cube  Roots  ai 


Practical  Arithmetic 


Part  1 


No. 

Squares 

Cabet 

Square 
loota 

Cube  roots 

Bedprocak 

125 

15625 

1953125 

11.1803399 

5.0000000 

.008000000 

126 

15876 

2000376 

11.2249722 

6.0132979 

.007936508 

127 

16129 

2048383 

11.2694277 

6.0265257 

.007874016 

128 

16384 

2097152 

11.3137085 

6.0396842 

.007812500 

129 

16641 

2146689 

11.3578167 

6.0527743 

.007751938 

130 

16900 

2197000 

11.4017543 

6.0657970 

.007692308 

131 

17161 

2248091 

11.4455231 

6.0787631 

.007633688 

132 

17424 

2299968 

11.4891253 

6.0916434 

.007575758 

133 

17689 

2352637 

11.5325626 

6.1044687 

.007518797 

134 

17956 

2406104 

11.5758369 

6.1172299 

.007462687 

135 

18225 

2400375 

11.6189500 

6.1299278 

.007407407 

136 

18496 

2515456 

11.6619038 

6.1425632 

.007352941 

137 

18769 

2571353 

11.7046999 

6.1551367 

.007299270 

138 

19044 

2028072 

11.7473401 

6.1C7G493 

.007246377 

139 

19321 

2685619 

11.7898261 

6.1801015 

.007194345 

140 

19600 

2744000 

11.8321596 

5.1924941 

.007142857 

141 

19381 

2803221 

11.8743421 

5.2048279 

.007092199 

142 

20104 

2303288 

11.9163753 

6.2171034 

.007042254 

143 

20449 

2924207 

11.9582607 

6.2293215 

.006993007 

144 

20736 

2985984 

12.0000000 

5.2414828 

.006944444 
.006896552 

145 

21025 

3048625 

12.0415946 

6.2535879 

146 

21316 

3112136 

12.0830460 

6.2656374 

.006849315 

147 

21609 

3176523 

12.1243557 

6.2776321 

.006802721 

148 

21904 

3241792 

12.1655251 

6.2895725 

.000756757 

149 
150 

22201 
22500 

3307949 
3375000 

12.2065556 
12.2474487 

6.3014592 
6.3132928 

.006711409 

.uudoooOo/ 

151 

22801 

3442951 

12.2882057 

6.3250740 

.006622517 

152 

23104 

3511808 

12.3288280 

5.3368033 

.006578947 

153 

23409 

3581577 

12.3G931C9 

6.3484812 

.006535948 

154 

23716 

3652264 

12.4096736 

6.3601084 

/006493506 

155 

24025 

3723875 

12.4498996 

6.8716854 

.006451613 

156 

24336 

3796416 

12.4899960 

6.3832126 

.006410256 

157 

24649 

3869893 

12.5299641 

5.394G907 

.006369427 

158 

24964 

3944312 

12.5608051 

5.4061202 

.006329114 

159 

25281 

4019679 

12.6095202 

6.4175015 

.006289308 

160 

25600 

4096000 

12.6491106 

5.4288352 

.006250000 

161 

25921 

4173281 

12.6385775 

6.4401218 

.006211180 

162 

26244 

4251528 

12.7279221 

6.4513618 

.006172840 

163 

26569 

4330747 

12.7671453 

6.4625556 

.006134969 

164 

268G6 

4410944 

12.8062485 

6.4737037 

.006097561 

165 

27225 

4492125 

12.8452326 

6.4848066 

.006060606 

166 

27556 

4574296 

12.8840987 

6.4958647 

.006024096 

167 

27KK9 

4657463 

12.9228480 

6.6068784 

.005988024 

168 

28224 

4741632 

12.9614814 

5.6178484 

.005952381 

169 

28561 

4826809 

13.0000000 

6.6287748 

.005917160 

170 

23900 

4913000 

13.0384048 

5.6396683 

.005882363 

171 

29241 

5000211 

13.0766968 

5.5504991 

.005847963 

172 

29584 

5088448 

13.1148770 

6.5612978 

.005813963 

173 

29929 

6177717 

13.1529464 

6.5720546 

.005780347 

174 

30276 

5268024 

13.1909060 

5.5827702 

.005747126 

175 

30625 

5359375 

13.2287566 

6.5934447 

.005714286 

176 

30976 

5451776 

13.2664992 

6.6040787 

.005681818 

177 

31329 

5545233 

13.3041347 

6.6146724 

.005649718 

178 

31684 

5639752 

13.3416641 

5.6252263 

.005617978 

179 

32041 

5735339 

13.3790882 

5.6357408 

.005686502 

180 

82400 

5832000 

13.4164079 

5.6462162 

.005665656 

181 

32761 

5929741 

13.4536240 

5.6566528 

.006514862 

182 

33124 

6028568 

13.4907376 

6.6670511 

.006494605 

183 

33489 

6128487 

18.5277493 

6.6774114 

.005464481 

184 

33850 

6229504 

13.5646600 

6.6877340 

.005434783 

185 

34225 

6831625 

13.6014705 

6.6980192 

.005405406 

186 

34^96 

0434856 

13.6381817 

6.7082675 

.005376344 

Cubes,  Sqtuve   Roots,    Oubo   Ro 


6751280 


13.0747043 

1.3.7113092 
13.7477271 
1 3  .  7S40488 
13.8202750 
13  .&;>a40G5 
13.SS24440 
13  .e2S3SS3 

, 13  .0842400 

7520530  '    "      

7a4S373 
7762303 
7880e00 

14.1421^ 

.      14.1774469 

8242408  I  14.212«704 
83054S7  I  14  .  2478068 
S4SOee4     I      14.2828AG9 

seisizs        -  -  " 

B741SIS 
8S09743 


14.3178311 


10048000 

107«3SOl 

1094104a 

1 1080507     , 

11330424 

11300025 

11543170 

11007083 

1185235* 


14.4222051 
14.4SeS323 
14  .  4013767 
14  .  S258390 
14  .5O02198 
14  .5945105 
14,6287388 
14  .  602R783 
14.69e0385 
14  .7309190 
14  .7648231 
i4.7»Sa486 
14.8323970 
14.8OC0687 
J4.8096W* 
14  .0331S4S 
14.9066M5 


19S0S42 

15.2315462 
15.2M33"6 

is-aoTCWS 

15.3267007 
15.362291B 
1 5 .  3948043 


15.4610334 
15.SZ41T47 
1B.6S6349E 

'  15.S884573 
I  1S.Q704W4 
'  lfi,052475B 
'     15.8843871 


PacticiJ  Arkhmetic 


Part 


Ho. 

Sonant 

Ottbei 

Sqoare 

note 

Ctth0  roots 

BMlprocals 

840 

62001 

15438249 

15.7797838 

6.2011946 

.004016064 

250 

62500 

15625000 

15.8113883 

6.2096053 

.004000000 

251 

63001 

15818251 

15.8429795 

6.3079935 

.003084064 

252 

63504 

16003008 

15.8745070 

6.3163596 

.003068254 

258 

64009 

16194277 

15.9059737 

6.3247035 

.003052569 

254 

64516 

16387064 

16.9373775 

6.3330256 

.003937008 

255 

65025 

16581375 

15.9687194 

6.3413257 

.003921569 

256 

65536 

16777216 

16.0000000 

6.3496042 

.003906250 

257 

66049 

16974593 

16.0312195 

6.3578611 

.003801051 

258 

66564 

17173512 

16.0623784 

6.3660968 

.003875069 

259 

67081 

17373979 

16.0934769 

6.3743111 

.003861004 

260 

67600 

17576000 

16.1245155 

6.3825043 

.003846154 

261 

68121 

17779581 

16.1554944 

6.3906765 

.003831418 

262 

68644 

17984728 

16.1864141 

6.3988279 

.003816704 

263 

69169 

18191447 

16.2172747 

6.4069585 

.003802281 

264 

69696 

18399744 

16.2480768 

6.4150687 

.003787870 

265 

70225 

18609625 

16.2788206 

6.4231583 

.003773585 

266 

70756 

18821096 

16.3095064 

6.4312276 

.003750398 

267 

71289 

19034163 

16.3401346 

6.4392767 

.003745318 

268 

71824 

19248832 

16.3707055 

6.4473057 

.003731343 

269 

72361 

19465109 

16.4012195 

6.4553148 

.003717472 

270 

72900 

19683000 

16.4316767 

6.4633041 

.003703704 

271 

73441 

19902511 

16.4620776 

6.4712736 

.003690037 

272 

73984 

20123648 

16.4924225 

6.4792236 

.003676471 

273 

74529 

20346417 

16.5227116 

6.4871541 

.003663004 

274 

75076 

20570824 

16.5529454 

6.4950ft,=>3 

.003649635 

275 

75625 

20796875 

16.5831240 

6.5029572 

.003636364 

276 

76176 

21024576 

16.6132477 

6.5108300 

.003623188 

277 

76729 

21253938 

16.6433170 

6.5186839 

.003610108 

278 

77284 

21484952 

16.6733320 

6.5265189 

.003597122 

279 

77841 

21717639 

16.7032931 

6.5343351 

.003584229 

280 

78400 

21952000 

16.7332005 

6.5421326 

.003571420 

281 

78981 

22188041 

16.7630546 

6.5499116 

.003568710 

282 

79524 

22425768 

16.7928556 

6.5576722 

.003546099 

283 

80089 

223G5187 

16.8226038 

6.5654144 

.003533569 

284 

80656 

22906304 

16.8522995 

6.5731385 

.003521127 

285 

81225 

23149125 

16.8819430 

6.5808443 

.003608772 

286 

81796 

23393053 

16.9115345 

6.5885323 

.003496503 

287 

82369 

23639903 

16.9410743 

6.59G2023 

.003484321 

2SS 

82944 

23887872 

16.9705927 

6.6038546 

.003472222 

289 

83521 

24137569 

17.0000000 

6.6114890 

.003460208 

290 

84100 

24389000 

17.0293864 

6.6191060 

.003448276 

291 

84681 

24642171 

17.0587221 

6.6267054 

.003430426 

292 

85264 
85849 

24897088 

17.0880075 

6.6342874 

.003424668 

293 

25153757 

17.1172428 

6.6418522 

.003412069 

294 

86436 

25412184 

17.1464282 

6.6493996 

.003401361 

295 

87025 

25672375 

17.1755640 

6.6569302 

.003380831 

296 

87616 

25934836 

17.2046505 

6.6644437 

.003378378 

297 

88209 

26198073 

17.2336879 

6.6719403 

.003367003 

298 

88804 

26463592 

17.2626765 

6.6794200 

.003355705 

299 

89401 

26730899 

17.2916165 

6.6868831 

.003344482 

300 

90000 

27000000 

17.8205081 

6.6943295 

.003333333 

301 

90601 

27270901 

17.3493516 

6.7017593 

.003322259 

302 

91204 

27543608 

17.3781472 

6.7091729 

.003311258 

303 

91809 

27818127 

17.4068952 

6.7165700 

.003300330 

804 

92416 

28094464 

17.4355958 

6.7239508 

.003289474 

305 

93025 

28372625 

17.4642492 

6.7313155 

.003278689 

806 

93636 

28653616 

17.4928557 

6.7386641 

.003267974 

307 

94249 

28934448 

17.5214155 

6^7450967 

.003257329 

808 

948611 

29218112 

17.5499288 

6.7533134 

.003246753 

309 

95481 

29503629 

17.5783958 

6.7606143 

.003236246 

610 

96100 

29791000 

17.6068169 

6.7678905 

.003225806 

f     *Vm«s,  Cubes,  Square   Roots,   Cube  Roots  >nd 


Pnctkal  AriUuDcUc 


t42SSt 
143041 
144400 
14Jiiei 


184041 
184900 
181701 


S0779471 
6033e2SS  , 
606BS457  I 
Slia3K4 

62OO0136 
61570773 


03531199 


9,4079333 
9.4935887 
9.5192213 


9.697715, 
8.7230829 
a. 748417 


3. 1990099 
3.2237484 
3.2484667 
3.2731349 
3.2977831 
3. 32240 U 
3.34S9S99 
0.3715488 
3.3980781 
3.4205779 
3.4430483 
D. 4094895 


7.3741079 
7.3803227 
7.3864373 


r.  4530399 
r!46G0223 
f 14769664 


Squares,  Cubes,  Sciuait  Roota»  Cube  Roots  and  Reciprocals 


!*•' 


189225 
190096 
1S0960 
191S44 
102721 


Cttb«8 


I944S1 

195364 
196240 
1971.36 
19S025 
19S9I6 
169SOO 
20O7C* 
2016O1 

2025OO 
203401 
204304 
205209 
206116 
207O2S 
207936 
20SS49 
2007G4 
2106S1 

211600 

212521 

2134-^ 

2143G9 

215296 

216225 

217156 

218089 

219024 

219961 

220900 

221841 

222784 

223729    I 

224676    i 

225625 

226576 

227529 

228484 

229441 

2304OO 
231361 
232324 
233289 
234256 
235225 
236196 
237169 
238144 
289121 

240100 
241081 
242064 
243049 
244036 
245026 
240016 


82312875 
S2881856 
83453453 
84G27672 
84604519 

85184000 
85766121 
86350888 
86938307 
87528384 
88121125 
88716536 
89314623 
89015302 
90518849 

91125000 
91733851 
92345408 
92959677 
93576664 
94196375 
94818816 
95443903 
96071012 
96702570 

97336000 
97972181 
98611128 
99252847 
90897344 
10O544625 
1O1194G06 
lOl  847563 
1025032S2 
103161709 

103823000 
104487111 
105154048 
105823817 
106496424 
107 171876 
1O7S50176 
108531333 
109215352 
1OO9Q2280 

11O592000 
111284641 
111980168 
112678587 
113379904 
114084125 
114791256 
1165O1303 
116214272 
116930169 

117649000 
1 1837077 1 
119095488 
1 19823167 
120653784 
1^287375 
128023936 


Square 

roots 


20.8566536 
20.8806130 
20.9045450 
20.9284495 
20.9523268 

20.9761770 
21.0000000 
21.0237960 
21.0475652 
21.0713075 
21.0950231 
21.1187121 
21.1423745 
21.1660105 
21.1806201 

21.2132034 
21.2367606 
21.2602916 
21.2837967 
21.3072758 
21.3307290 
21.3541565 
21.3775583 
21.4009346 
21.4242853 

21.4476106 
21.4709106 
21.4941853 
21.5174348 
21.5400502 
21.5638587 
21.5870.331 
21.6101828 
21.6333077 
21.6564078 

21.6794834 
21 .7025344 
21.7255610 
21.7485632 
21.7715411 
21.7944947 
21.8174242 
21 .8403297 
21.8632111 
21.8860686 

21.0089023 
21 .0317122 
21 .0544084 
21.0772610 
22.0000000 
22.0227155 
22.0464077 
22.0680765 
22.0907220 
22.1133444 

22.1350430 
22.1585108 
22.1810730 
22.2036033 
22.2261108 
22.2485055 
22.2710576 


Cubt  rooto 


7.6760840 
7.5827865 
7.6885703 
7.6043633 
7.6001385 

7.6050040 
7.6116626 
7.6174116 
7.6231510 
7.6288837 
7.6346067 
7.6403213 
7.6460272 
7.6517247 
7.6574138 

7.6630043 
7.6687665 
7.6744303 
7.6800857 
7.6857328 
7.6013717 
7.6070023 
7.7026246 
7.7082388 
7.7138448 

7.7104426 
7.7250325 
7.7306141 
7.7361877 
7.7417532 
7.7473109 
7.7628C06 
7.7584023 
7.7639361 
7.7694620 

7.7749801 
7.7804904 
7.7850928 
7.7914875 
7.7969745 
7.8024538 
7.8079254 
7.8133892 
7.8188456 
7.8242042 

7.8297353 
7.8.351088 
7.8406949 
7.8460134 
5.8514244 
7.8568281 
7.8622242 
7.8676130 
7.8729944 
7.8783684 

7.8837352 
7.8890946 
7.8944468 
7.8997917 
7.9051204 
7.0104590 
7.0157832 


Reeiprocali 


.002208851 
.00220357( 
.00228833( 
.00228310J 
.00227700^ 

.00227272: 
.00226767^ 
.00226244: 
.00225733< 
.002252251 
.00224710: 
.00224215: 
.  002237 13( 
.00223214: 
.00222717: 

.00222222: 
.002217201 
.002212381 
.0022O75O< 
.00220264: 
.00210780: 
.00210298: 
.00218818' 
.00218340< 
.002178641 

.00217391: 
.00216019: 
.00216450: 
.00215982: 
.00215517: 
.002150531 
.00214592; 
.002141321 
.00213675: 
.002132191 

.002127661 
.00212314: 
.00211864 
.00211416 
.00210970 
.00210526 
.00210084" 
.00209643 
.00209205 
.00208768 

.002083.33 
.00207900 
.00207468 
.00207039 
.00206611 
.00206185 
.00205761 
.00205338 
.00204918 
.0020449fi 

.00204081 
.0020366( 
.002032,51 
.00202831 
.00202421 
.00202021 
.0020161: 


Practical  Arithmetic 


Part 


Mo. 

fikittans  ' 

Cubes 

Square 
roots 

Cube  roots 

Reeiproeals 

497 

347009 

122763473 

22.2934968 

7.0210994 

.002012072 

408 

348004 

128505992 

22.3160186 

7.9964085 

.002008032 

490 

249001 

124251409 

22.3383079 

7.9317104 

.002004008 

500 

250000 

125000000 

22.3606708 

7.9370058 

.002000000 

601 

251001 

125751501 

22.3830203 

7.9422931 

.001096008 

502 

252004 

126506008 

22.4063565 

7.9475739 

.001092082 

603 

253009 

127263527 

22.4276615 

7.9528477 

.001988072 

604 

254016 

128024064 

22.4409443 

7.9581144 

.001984127 

606 

255025 

128787625 

22.4722051 

7.9633743 

.001980108 

606 

256036 

129554216 

22.4944488 

7.9686271 

.001976285 

607 

257049 

130823843 

22.5166605 

7.9738731 

.001972387 

608 

258064 

131096512 

22.5388553 

7.9791122 

.001968504 

600 

259081 

131872229 

22.5610283 

7.9843444 

.001964637 

610 

260100 

132651000 

22.5831796 

7.9805607 

.001960784 

511 

261121 

133432831 

22.6053091 

7.9947883 

.001956947 

512 

262144 

134217728 

22.6274170 

8.0000000 

.001958125 

613 

263169 

135005697 

22.6495033 

8.0052049 

.001940318 

614 

264196 

135796744 

22.6715681 

8.0104032 

.001045525 

615 

285225 

136590875 

22.6936114 

8.0155946 

.001941748 

616 

266256 

137388096 

22.7156334 

8.0207794 

.001937984 

617 

287289 

138188413 

22.7376340 

8.0259574 

.001934236 

518 

268324 

138991832 

22.7596134 

8.0311287 

.001930502 

619 

269361 

13979S359 

22.7815715 

8.0362935 

.001926782 

620 

270400 

140608000 

22.8035085 

8.0414515 

.001923077 

521 

271441 

141420761 

22.8254244 

8.0466030 

.001919386 

622 

272484 

142236648 

22.8473193 

8.0517479 

.001915709 

523 

273529 

143055667 

22.8691933 

8.0568862 

.001912046 

624 

274576 

143877824 

22.8910463 

8.0620180 

.001908307 

625 

275625 

144703125 

22.9128785 

8.0671432 

.001904762 

526 

276676 

145531576 

22.9346899 

8.0722620 

.001901141 

627 

277729 

146363183 

22.9564806 

8.0773743 

.001897533 

528 

278784 

147197952 

22.9782506 

8.0824800 

.001803930 

629 

279841 

148035889 

23.0000000 

8.0875794 

.001800369 

630 

280900 

148877000 

23.0217289 

8.0926723 

.001886702 

531 

281961 

149721291 

23.0434372 

8.0977589 

.001883239 

532 

283024 

150568768 

23.0651252 

8.1028390 

.001879099 

533 

284089 

151419437 

23.0867928 

8.1079128 

.001876173 

634 

285156 

152273304 

23.1084400 

8.1129803 

.001872659 

535 

286225 

153130375 

23.1300670 

8.1180414 

.001809159 

536 

287296 

153990656 

23.1516738 

8.1230962 

.001865672 

637 

288369 

154854153 

23.1732605 

8.1281447 

.001862107 

538 

289444 

155720872 

23.1948270 

8.1331870 

.001858736 

639 

290521 

156590819 

23.2163735 

8.1382230 

.001855288 

540 

291600 

157464000 

23.2379001 

8.1432529 

.001851852  ! 

541 

292681 

158340421 

23.2594067 

8.1482765 

.001848429  1 

642 

293764 

159220088 

23.2808035 

8.1532939 

.001845018 

648 

294849 

160103007 

23.3023604 

8.1583051 

.001841621 

644 

295936 

160989184 

23.3238076 

8.1633102 

.001838335 

645 

297025 

161878625 

23.3452351 

8.1683092 

.001834862 

546 

298116 

162771338 

23.3666420 

8.1733020 

.001831502 

547 

209209 

163667323 

23.3880311 

8.1782888 

.001828154 

548 

300304 

164566592 

23.4003098 

8.1832695 

.001824818 

540 

301401 

165409149 

23.4307490 

8.1882441 

.001821494 

650 

802500 
303601 

166376000 

23.4520788 

8.1932127 

.001818182 

551 

167284151 

23.4733892 

8.1981753 

.001814882 

652 

8D4704 

168196608 

23.4946802 

8.2031819 

.001811904 

558 

305809 

189112377 

23.5159520 

8.2080825 
8.2180271 

.001808318 

554 

306916 

170031464 

23.5373046 

.001B06064 

555 

308025 

170953875 

23.6584360 

8.2179657 

.001801802 

556 

309136 

171879616 

^.5706522 

8.2888985 

.001798561 

557 

310249 

172808603 

23.6008474 

8.2378254 

.001796832 

558 

311864 

178741112 

23.6220236 

8.3337463 

.001793116 

iqoua.  Cubes,  Square   Roots,   Cube  JtooCa  and  6 


Practical  Arithmetic 


Part 


No. 

Sqtiaret 

CubM 

Square 
roots 

OAm   looto 

Haeiprooalsl 

621 

385641 

230483061 

24.0106716 

8.5316000 

.001610306 

622 

386884 

240641848 

24.0300278 

8.5361780 

.001607717 

623 

388120 

241804367 

24.0500670 

8.5407501 

.001605136 

624 

880376 

242070624 

24.0700020 

8.5453173 

.001602564 

625 

800625 

244140625 

25.0000000 

8.5498797 

.001600000 

626 

801876 

245314376 

25.0100020 

8.5544372 

.001507444 

627 

303120 

246401883 

25.0399681 

8.5589890 

.001504806 

623 

804384 

247673152 

25.0599282 

8.5635377 

.001502357 

629 

305641 

248858180 

26.0798724 

8.5680807 

.001580825 

630 

306000 

250047000 

25.0998008 

8.5726180 

.001587302 

631 

308161 

231230591 

25.1197134 

8.5771523 

.001584786 
.001582278 

632 

300424 

232435063 

25.1396102 

8.5816800 

633 

400680 

233636137 

25.1504913 

8.5802047 

.001570770 

634 

401056 

254840104 

25.1793566 

8.5907238 

.001677287 

635 

403225 

256047875 

25.1992063 

8.5952380 

.001574803 

636 

404406 

257250456 

25.2190404 

8.5997476 

.001672327 

637 

405760 

25S474853 

25.2388589 

8.6042525 

.001560850 

638 

407044 

230604072 

25.2586619 

8.6087526 

.001567308 

630 

408321 

280017110 

25.2784493 

8.6132480 

.001564045 

640 

400600 

232144000 

25.2982213 

8.6177388 

.001562500 

641 

410881 

233374721 

25.3179778 

8.6222248 

.001560062 

642 

412164 

264600288 

25.3377189 

8.6267063 

.001557632 

643 

413440 

265847707 

25.3574447 

8.6311830 

.001555210 

644 

414736 

267080084 

25.3771551 

8.6356551 

.001552705 

645 

416025 

288336125 

25.3968502 

8.6401226 

.001550388 

646 

417316 

260586136 

25.4165301 

8.6445855 

.001547088 

647 

418600 

270840023 

25.4361947 

8.6490437 

.001545505 

648 

410004 

272097702 

25.4558441 

8.6534074 

.001543210 

649 

421201 

273350440 

25.4754784 

8.6579465 

.001540832 

650 

422500 

274625000 

25.4950976 

8.6623911 

.001538462 

651 

423801 

275804451 

25.5147016 

8.0668310 
8.6712865 

.001536008 

652 

425104 

277167808 

25.5342907 

.001533742 

653 

426400 

278445077 

25.5538647 

8.6756974 

.001531304 

654 

427716 

270725234 

25.5734237 

8.6801237 

.001520052 

655 

420025 

281011375 

25.5929678 

8.6845456 

.001526718 

656 

430336 

282300416 

25.6124969 

8.6889630 

.001524300 

657 

431640 

283503303 

25.6320112 

8.6933759 

.001622070 

658 

432064 

284800312 

25.6515107 

8.6977843 

.001510757 

650 

434281 

286101170 

25.6709053 

8.7021882 

.001517451 

660 

435600 

287406000 

25.6004652 

8.7065877 

.001515152 

661 

436021 

288804781 

25.7000203 

8.7109827 

.001512850 

662 

438244 

290117523 

25.7203607 

8.7153734 

.001610574 

663 

430560 

291434247 

25.7487864 

8.7197596 

.001508206 

664 

440806 

292754944 

25.7681075 

8.7241414 

.001506024 

665 

442225 

294079325 

25.7875030 

8.7285187 

.001503750 

666 

443556 

295408296 

25.8060758 

8.7328918 

.001501502 

667 

444880 

296740963 

25.8263431 

8.7372604 

.001400250 

668 

446224 

298077632 

25.8456060 

8.7416246 

.001407006 

660 

447561 

299418309 

25.8650343 

8.7459846 

.001404768 

670 

448000 

300763000 

25.8843582 

8.7503401 

.00.1402537 

671 

450241 

302111711 

25.0036677 

8.7546913 

.001400313 

672 

451584 

303464448 

25.0220628 

8.7590383 

.001488005 

673 

452020 

304821217 

25.0422435 

8.7633809 

.001485884 

674 

454276 

306182024 

25.0615100 

8.7677102 

.001483680 

675 

455625 

307546875 

25.0807621 

8.7720532 

.001481481 

676 

456076 

308915776 

26.0000000 

8.7763830 

.001470200 

677 

458320 

810288733 

26.0102237 

8.7807084 

.001477105 

678 

450684 
461041 

311665752 

26.0384331 

8.7850206 

.001474028 

670 

313046839 

26.0576284 

8.7803466 

.004472754  i 

680 

462400 

314432000 

26.0768006 

8.7036503 

.001470588  1 

681 

463761 

315821241 

26.0060767 

8.7070670 

.001468420 

682 

465^24 

817214568 

26.1151207 

8.8022721 

.001466276 

Sqdues,  Cubes,  Square  Roots,  Cube  Roots  and  Re< 


I<k 

Sqouta 

Cubes 

Sqmro 
foots 

Cube  loots 

6$3 

466489 

318611987 

26.1342687 

8.8065722 

e» 

467S56 

320013504 

26.1533937 

8.8108681 

^ 

469225 

321419125 

26.1725047 

8.8151598 

ess 

470596 

322828856 

26.1916017 

8.8194474 

6i- 

4719G9 

324242703 

26.2106848 

8.8237307 

6>S 

473344 

325660672 

23.22975U 

8.82S0009 

6S9 

474721 

327082769 

26.2488095 

8.8322S50 

6» 

476100 

328509000 

26.2678511 

8.8365559 

m 

477481 

329939371 

20.2868789 

8.8408227 

&2 

478864 

331373888 

20. 3058929 

8.8450854 

m 

480249 

332812557 

26.3248932 

8.8493440 

694 

481636 

334255384 

26.8438797 

8.8535985 

«K 

483025 

335702375 

26.3628527 

8.S578489 

6% 

484416 

337153536 

26.3818119 

8.8620952 

6r 

485809 

338608873 

26.4007576 

8.8663375 

635i 

487204 

340068392 

23.4196896 

8.8706757 

m 

488601 

341532099 

26.4386081 

8.8748099 

rw 

490000 

343000000 

26.4675131- 

8.8790400 

TDl 

491401 

344472101 

26.4764046 

8.8832GC1 

?J2 

492S04 

345948408 

26.4952826 

8.8874882 

r?3 

494209 

347428927 

26.5141472 

-^8.8917003 

701 

495616 

348913664 

26.5329933 

8.8959204 

705 

497025 

350402625 

26.5518361 

8.9001304 

706 

498436 

351895S16 

26.5706605 

8.-9043306 

7P7 

499819 

353393243 

26.5894716 

8.9085C87 

70-* 

501254 

354894912 

23.6082604 

8.01273C9 

TOO 

502681 

356400829 

20.6270539 

8.9169311 

710 

504100 

357911000 

26.6458252 

8.9211214 

711 

505521 

359425431 

26.C045833 

8.9253078 

7:2 

506944 

3G0944128 

26.6833281 

8.9294902 

713 

5<)8369 

362467097 

26.7020698 

8.9336087 

714 

509796 

3G3994344 

26.7207784 

8.9378433 

715 

511225 

3G5525875 

26.7394839 

8.9420140 

716 

5126.56 

3G7061696 

26.7581763 

8.9461S09 

717 

5140S9 

3^8601813 

26.7768557 

8. 95034^8 

71S 

515524 

3701462C2 

26.7955220 

8.9545029 

719 

516961 

371694959 

26.8141754 

8.9586581 

730 

518400 

373248000 

26.8328157 

8.9628095 

721 

519811 

371305361 

23.8,'>14432 

8.9(X9;:70 

722 

521284 

37G367048 

26.8700577 

8.9711007 

723 

522729 

377933067 

26.8886593 

8.9752406 

724 

524176 

379503424 

26.9072481 

8.979C7C6 

725 

525625 

381078125 

23.9258240 

8.98350r9 

7>> 

527076 

382857176 

26.9443872 

8.9876C73 

1    w   1 

528529 

384240583 

26.9629375 

8.9917G20 

72S 

529984 

385828352 

26.9814751 

8.9958829 

72d 
710 

531441 

387420489 

27.0000000 
27.0185122 

9.0000000 
9.0041134 

532900 

389017000 

731 

534351 

390617891 

27.0370117 

9.0082229 

732 

53.5824 

39222316S 

27.0554985 

9. 01 2^2^:8 

733 

537289 

393832837 

27.0739727 

9.016.ir.()9 

754 

538756 

395446004 

27.0924344 

9.0205293 

735 

540225 

397065375 

27.1108834 

9.02462"9 

736 

541696 

398688256 

27.1293199 

9.0287149 

737 

543169 

400315563 

27.1477439 

9.0328021 

738 

544644 

401947272 

27.1661554 

9.0368857 

79 

546121 

403583419 

27.1845544 

9.0409665 

740 

547600 

405224000 

27.2029410 

9.0450419 

741 

549081 

4068600et 

27.2213152 

9.0491142 

742 

550564 

408518488 

27.2396769 
or  oRfinoAt 

9.0531831 
0  n«7oj.««> 

Pnctkkl  Aritliinetic 


Mo. 

SqtIUM 

CubM 

■sr 

"•  —  I" 

4t 

413493625 

37.2946881 

00  3422S 

46 

666516 

416100936 

3130006 

00  34041 

658009 

410832733 

8313007 

0 

0734726 

8Sa 

48 

669304 

418606993 

3405887 

9 

0775197 

4S 

MlOOl 

430189749 

27 

3678644 

9 

0815631 

00  33611 

431876000 

27 

3B6I279 

00133332 

51 

37 

4043792 

9 

G2 

4226164 

9 

O013Z97S 

53 

436B57777 

4408455 

t 

001328C! 

428661064 

4690604 

0013262« 

55 

670025 

43030SB73 

4772633 

1057486 

0013246C 

se 

871536 

432081216 

9 

1097669 

0013227Ji 

433798093 

37 

58 

674564 

27 

9 

0013192B 

50 

B76081 

437245479 

9 

1218010 

00131752 

677600 

438976000 

27 

5680975 

679121 

44071I0S1 

27 

5862284 

9 

62 

560644 

442460738 

0 

1338034 

63 

582169 

444194947 

27 

6224646 

-64 

563696 

445943741 

87 

6406499 

765 

447S9713S 

37 

6586334 

9 

1457742 

766 

ABSTM 

419455096 

27 

67670SO 

9 

1497578 

451217M3 

27 

6947648 

27 

7128129 

B 

-6» 

691361 

454756609 

9 

1616869 

00130039 

770 

603900 

466533000 

37 

7488739 

27 

7668809 

9 

1696225 

00129701 

773 

9 

1735853 

00129533 

773 

461880917 

8028775 

463684834 

27 

S308S55 

9 

1815003 

00129199 

9 

Ift54527 

00129032 

76 

1804018 

00138866 

777 

27 

87471 87 

00128700 

27 

S926SU 

9 

1872897 

00128534 

76 

806841 

472729139 

9105715 

9 

2012386 

00138369 

780 

608400 

474682000 

27 

9334B01 

00138208 

27 

9463772 

S 

2O0O9G3 

00128041 

7SS 

6  1534 

478211768 

9042629 

2  30350 

001  7877 

783 

63089 

480018667 

9821372 

a  4656 

481890304 

ooooooo 

2208726 

00137551 

9178515 

s 

224T0U 

00137388 

7S6 

3287008 

00127226 

787 

0535303 

23261S9 

00127064 

0713377 

9 

3365377 

0n!26B03 

7TO 

0891438 

9 

2104333 

001267*2 

790 

624100 

493039000 

23 

1069386 

3443356 

00126882 

2S 

1247223 

t 

2  82344 

00120421 

793 

637364 

4B679308S 

28 

2521300 

00126362 

793 

628340 

498677267 

1602SS7 

oomioa 

7M 

500566184 

1780056 

0 

2509114 

001  59U 

795 

1957444 

s 

26379-3 

796 

26767B8 

5^1695^ 

3311884 

798 

636804 

348S93S 

9 

2754352 

799 

638401 

510082399 

2665881 

9 

2793081 

640000 

S1200000O 

38 

2842713 

3831777 

001  SOOD 

801 

513932401 

28 

30194B4 

9 

001  4849 

ma 

643204 

28 

9 

803 

644S09 

2S 

S 

00  2^ 

2986239 

805 

3738310 

e 

302477S 

SSi^ 

806 

lUAftM 

«23aOMia 

28 

3901391 

9 

3063278 

Sijoaics^  Cubes,  Squaxe  Roots,  Cube  Roots  and  Redpxocals 


lOL 

8,«». 

Cube* 

Square 
soots 

OldM    ID^tS 

Radprooidi 

»7 

ft51249 

525657943 

28.4077454 

9.3101750 

.001230157 

«f« 

652864 

527514112 

28.4253408 

9.3140190 

.001237624 

60t 

6644S1 

520475129 

28.4429253 

9.8178509 

.001230004 

SiO 

660100 

531441000 

28.4604989 

9.8216975 

.001234568 

&I1 

657721 

533411731 

28.4780617 

9.8255320 

.001233046 

&i2 

650344 

535387328 

28.4956137 

0.8203634 

.001231527 

&13 

6ttU96tt 

537367797 

28.5131549 

0.8831016 

.001230012 

S14 

6d2o9e 

530353144 

28.5306852 

0.8370167 

.001228501 

815 

664225 

541343375 

28.5482048 

0.3408386 

.001226994 

S16 

665Sod 

543338496 

28.5657137 

0.3446575 

.001225490 

Sir 

6674S9 

545338513 

28.5832119 

0.3484731 

.001223090 

§1S 

66^^124 

547343432 

28.6006993 

0.3622867 

.001222494 

819 

670761 

549353259 

28.6181760 

0.3560952 

.001221001 

$3SS 

672400 

551368000 

28.6356421 

9.3599016 

.001219512 

S21 

674<M1 

553387661 

28.6530976 

9.3637049 

.001218027 

K22 

6756S4 

555412248 

28.6705424 

9.3675051 

.001216545 

SZi 

677329 

557441767 

28.6879766 

0.3713022 

.001215067 

8S4 

678976 

559476224 

28.7054002 

0.3750963 

.001213592 

835 

680625 

561515625 

28.7228132 

0.3788873 

.001212121 

&26 

682276 

563550976 

28.7402157 

0.3826752 

.001210654 

sr 

683929 

565609283 

28.7576077 

0.3864600 

.001209190 

<s 

6So5&4 

567663552 

28.7749891 

0.3902419 

.001207729 

» 

687341 

569722/89 

28.7923601 

9.3940206 

.001206273 

830 

688900 

571787000 

28.8097206 

9.3977964 

.001204816 

31 

660561 

573856191 

28.8270706 

9.4015691 

.001203369 

)32 

692224 

575930368 

28.8444102 

9.4053S87 

.001201923 

833 

69.3889 

578009537 

28.8617394 

9.4091054 

.001200480 

$34 

695556 

580093704 

28.8790582 

9.4128C90 

.001199041 

^ 

697225 

582182875 

28.8963666 

9.4166297 

.001197605 

S36 

698896 

584277056 

28.9136646 

9.4203873 

.001196172 

o: 

700569 

586376263 

28.9309523 

9.4241420 

.001194743 

538 

702244 

588480472 

28.9482297 

9.4278936 

.001193317 

m 

7D3921 

590589719 

28.9654967 

9.4316423 

.001191895 

MO 

705600 

502704000 

28.9827535 

9.4353880 

.00119047€ 

Ml 

707281 

594823321 

29.0000000 

9.4391307 

.001169061 

H2 

708964 

596947688 

29.0172363 

9.4428704 

.001187648 

MS 

710649 

509077107 

29.0344623 

9.4466072 

.00118624C 

IM 

712336 

601211584 

29.0516781 

9.4503410 

.001184834 

8i5 

714025 

603351125 

29.0688837 

0.4540719 

.001183432 

M 

715716 

605495736 

29.0860791 

9.4577999 

.001182033 

«7 

717409 

607645423 

29.1032044 

0.4615249 

.001180638 

M8 

719104 

609800192 

29.1204306 

9.4652470 

.00117924£ 

Hi 

720801 

611960049 

20.1376046 

0.4689661 

.001177856 

IfiO 

722500 

614125000 

20.1547595 

0.4726824 

.001176471 

831 

724201 

616295051 

29.1719043 

0.4763957 

.001175088 

852 

725904 

618470208 

29.1890390 

0.4801061 

.001173708 

8S3 

727609 

620650477 

29.2061637 

0.4838136 

.001172333 

6S4 

729316 

622835864 

29.2232784 

0.4875182 

.00117096C 

» 

731025 

625026375 

29.2403830 

0.4912200 

.001169591 

«e 

732736 

627222016 

29.2574777 

0.4949188 

.001168224 

67 

734449 

629422793 

29.2745623 

0.4986147 

.001166861 

8SS 

736164 

631628712 

29.2916370 

9.5023078 

.001165501 

» 

737881 

633839779 

29.3087018 

0.5059980 

.001164144 

m 

739600 

636056000 

29.8257566 

0.5096854 

.001162791 

SI 

741321 

638277381 

29.3428015 

9.5133699 

.00116144C 

IB 

743044 

640503928 

29.3598365 

9.5170515 

.001160093 

m 

744769 

642735647 

20.3768616 

9.6207303 

.001158746 

m 

746496 

644972544 

20.3038769 

9.5244063 

.001157407 

iflnX 

748225 

647214625 

29.4108823 

9.5280794 

.001166068 

US 

749056 

649461896 

29.4278779 

0.5317497 

.001 154734 

[^D 

TKMUka 

tUi^•7\A5Ui^ 

OIQ  AAdfiR^l 

0  ASAdirSt 

noii.«;»4a? 

X2 


PzBctical  Arithnietic 


Part 


Mo. 

Sqaares 

Cubes 

Square 

note 

Cube  roots 

AeolprocaJe 

249 

62001 

15438240 

16.7707838 

6.2011046 

.004016064 

250 

62500 

15625000 

15.8113883 

6.2996053 

.004000000 

251 

63001 

15813251 

15.8429795 

6.3079935 

.003084064 

252 

63504 

16008008 

15.8745079 

6.3163596 

.003968254 

253 

64009 

16194277 

15.9059737 

6.3247035 

.003952569 

254 

64516 

16387064 

16.9373775 

6.3330256 

.003937008 

255 

65025 

16581375 

15.9687194 

0.3413257 

.003921569 

256 

65536 

16777216 

16.0000000 

6.3496042 

.003906250 

257 

66049 

16974593 

16.0312195 

6.3578611 

.003891051 

258 

66504 

17173512 

16.0623784 

6.3660968 

.003875969 

259 

67081 

17373979 

16.0934769 

6.3743111 

.003861004 

260 

67600 

17576000 

16.1245155 

6.3825043 

.003846154 

261 

08121 

17779581 

16.1554944 

6.3906765 

.003831418 

262 

68644 

17984728 

16.1864141 

6.3988279 

.003816794 

203 

69109 

18191447 

16.2172747 

6.4069585 

.003802281 

264 

69696 

18399744 

16.2480768 

6.4150687 

.003787879 

265 

70225 

18609625 

16.2788206 

6.4231583 

.003773585 

266 

70756 

18821096 

16.3095064 

6.4312276 

.003759398 

267 

71289 

19034163 

16.8401346 

6.4392767 

.003745318 

268 

71824 

19248832 

16.3707055 

6.4473057 

.003731343 

1  269 

72361 

19465109 

16.4012195 

6.4553148 

.003717472 

270 

72900 

19683000 

16.4316767 

6.4633041 

.003703704 

271 

73441 

19902511 

16.4620776 

6.4712736 

.003690037 

272 

73984 

20123648 

16.4924225 

6.4792236 

.003676471 

273 

74529 

20346417 

16.5227116 

6.4871541 

.003663004 

274 

75076 

20570624 

16.5529454 

6.4950653 

.003649635 

275 

75625 

20796875 

16.5831240 

6.5029572 

.003636364 

276 

76176 

21024576 

16.6132477 

6.5108300 

.003623188 

277 

76729 

21253938 

16.6433170 

6.5186839 

.003610108 

278 

77284 

21484952 

16.6733320 

6.5265189 

.003597122 

279 

77841 

21717639 

16.7032931 

6.5343351 

.003584229 

280 

78400 

21952000 

16.7332005 

6.5421326 

.003571429 

281 

78961 

22188041 

16.7630546 

6.5499116 

.003558719 

282 

79524 

22425768 
22335187 

16.7928553 

6.5576722 

.003546099 

283 

80089 

16.8226038 

6.5654144 

.003533509 

284 

80656 

22906304 

16.8522995 

6.5731385 

.003521127 

285 

81225 

23149125 

16.8819430 

6.5808443 

.003508772 

286 

81796 

23393053 

16.9115345 

6.5885323 

.003496503 

287 

82369 

23639903 

16.9410743 

6.5962023 

.003484321 

288 

82944 

23887872 

16.9705327 

6.6038545 

.003472222 

289 

83521 

24137569 

17.0000000 

6.6114890 

.003460208 

290 

84100 

24389000 

17.0293864 

6.6191060 

.003448276 

291 

84681 

24642171 

17.0587221 

6.6267054 

.003430426 

292 

85264 

24897088 

17.0880075 

6.6342874 

.003424058 

293 

85849 

25153757 

17.1172428 

6.6418522 

.003412969 

294 

86436 

25412184 

17.1464282 

6.6493998 

.003401361 

295 

87025 

25672375 

17.1755640 

6.6569302 

.003389831 

296 

87616 

25934336 

17.2046505 

6.6644437 

.003378378 

297 

88209 

26198073 

17.2336879 

6.6719403 

.003367003 

298 

88804 

26463592 

17.2626765 

6.6794200 

.003355705 

299 

89401 

26730899 

17.2916165 

6.6868831 

.003344482 

300 

90000 

27000000 

17.3205081 

6.6943205 

.003333333 

801 

90601 

27270901 

17.3493516 

6.7017593 

.003322250 

302 

91204 

27543608 

17.3781472 

6.7091720 

.003311258 

803 

91809 

27818127 

17.4068952 

6.7165700 

.003300330 

804 

92416 

28094464 

17.4355958 

6.7230508 

.003289474 

805 

93025 

28372625 

17.4642492 

6.7313155 

.003278680 

806 

03636 

28652616 

17.4928557 
17.6214155 

6.7386641 

.003267074 

307 

94240 

28934443 

6  ..7450067 

.003257320 

808 

0486(1 

29218112 

17.5499288 

6.7533134 

.003246753 

ao9 

05481 

29503629 

17.5783958 

6.7606143 

.003236246 

BIO 

06100 

29791000 

17.6068169 

6.7678005 

.003225806 

1% 


tmciKBi  Antbinetic 


No.  . 

9qimrt9 

Cubes 

Square 
roots 

Cube  roots 

Reoiprocals 

373 

139129 

51895117 

10.3132079 

7.1984050 

.002680065 

874 

130876 

52313624 

19.3390796 

7.2048322 

.002673797 

375 

140625 

52734875 

19.3649167 

7.2112479 

.002666667 

376 

141376 

53157376 

19.3907194 

7.2176522 

.002650674 

377 

142129 

53582633 

19.4164878 

7.2240450 

002652520 

378 

142884 

54010152 

19.4422221 

7.2304268 

.002645503 

379 

143641 

54439939 

19.4679223 

7.2367972 

.002638522 

380 

144400 

54872000 

19.4935887 

7.2431565 

.002631579 

381 

145161 

55306341 

19.5192213 

7.2495045 

.002624672 

382 

145924 

55742968 

19.5448203 

7.2558415 

.002617801 

883 

146689 

56181887 

19.57a3858 

7.2621675 

.002610966 

384 

147456 

56623104 

19.5959179 

7.2684824 

.002604167 

385 

148225 

57066625 

19.6214169 

7.2747864 

.002597403 

386 

148996 

57512456 

19.6468827 

7.2810794 

.002590674 

387 

149709 

57960603 

19.6723156 

7.2873617 

.002583979 

388 

150544 

58411072 

19.6977156 

7.2936330 

.002577320 

389 

151321 

68863869 

19.7230829 

7.2998936 

.002570694 

390 

152100 

59319000 

10.7484177 

7.3061436 

.002564103 

391 

152881 

59776471 

19.7737199 

7.3123828 

.002557545 

392 

153664 

60236288 

19.7989899 

7.3186114 

.002551020 

393 

154449 

60098457 

19.8242276 

7.3248295 

.002544529 

394 

156236 

611629S4 
61629875 

19.8494332 

7.3310360 

.002538071 

395 

156025 

19.8746069 

7.3372339 

.002531046 

396 

156816 

62099136 

19.8997487 

7.3434206 

.002525253 

397 

157609 

62570773 

19.9248588 

7.3495966 

.002518892 

398 

158404 

63044702 

19.9499373 

7.3557624 

.002512563 

399 

159201 

63521109 

19.9749844 

7.3619178 

.002506206 

400 

160000 

64000000 

20.0000000 

7.3680330 

.002500000 

401 

160801 

64481201 

20.0249844 

7.3741979 

.002493766 

402 

161604 

64964S0S 

20.0499377 

7.3803227 

.002487562 

403 

162409 

65450827 

20.0748509 

7.3864373 

.002481390 

404 

163216 

65939264 

20.0997512 

7.3925418 

.002475248 

405 

164025 

66430125 

20.1246118 

7.3986363 

.002469136 

406 

164816 

66923416 

20.1494417 

7.4047206 

.002463054 

407 

165649 

67419143 

20.1742410 

7.4107950 

.002457002 

408 

166464 

67917312 

20.1990099 

7.4138396 

.002450980 

409 

167281 

68417929 

20.2237484 

7.4229142 

.002444988 

410 

168100 

68921000 

20.2484567 

7.4289539 

.002439024 

411 

168921 

69426531 

20.2731349 

7.4319938 

.002433090 

412 

169744 

69934523 

20.2977831 

7.4410189 

.002427184 

413 

170569 

70444997 

20.3224014 

7.4470342 

.002421308 

414 

171396 

70057944 

20.3469899 

7.4530309 

.002415459 

415 

172225 

71473375 

20.3715488 

7.4590359 

.002409639 

416 

173056 

71991296 

20.3960781 

7.4650223 

.002403846 

417 

173889 

72511713 

20,4205779 

7.4709991 

.002398082 

418 

174724 

73034632 

20.4450483 

7.4769664 

.002392344 

419 

175561 

73560059 

20.4694895 

7.4829242 

.002386635 

420 

176400 

74088000 

20.4939015 

7.4888724 

.002380052 

421 

177241 

74618461 

20.5182845 

7.4948113 

.002375297 

422 

178084 

75151443 

20.5426386 

7.5007406 

.002369668 

423 

178929 

75686967 

20.5669638 

7.5066607 

.002364066 

424 

179776 

76225024 

20.5912603 

7.5125715 

.002358491 

425 

180625 

76765625 

20.6155281 

7.5184730 

.002352941 

426 

181476 

77308776 

20.6397674 

7.5243652 

.002347418 

427 

182329 

77854483 

20.6639783 

7.5302482 

.002341020 

428 

183184 

78402752 

20.6881609 

7.5361221 

.002336449 

429 

184041 

78953589 

20.7123152 

7.5419867 

.002331002 

430 

184900 

79507000 

20.7364414 

7.5478423 

.002325581 

431 

185761 

80062991 

20.7605305 

7.5536888 

.0023^186 

'  432 

186624 

80621568 

20.7846097 

7.5595263 

.002314815 

433 

187489 

81182737 

20.8086520 

7.5653548 

.002309469 

434 

188356 

81746504 

20.8326667 

7.5711743 

.002304147 

Squares,  Cubes,  Square   Roots,  Cube  Roots  and  Redprocab 


189225 
190096 


191S44 
192721 


d2312S75 
S:£88185e 


194481 
195364 
196249 
197136 
19S025 
198916 
199S09 
20O7C1 
201601 

2Q2500 

2034O1 

204304 

2052O9 

206116 

207025 

207936 

20SS49 

209764 

210681 

21160O 

212521 

21:M44 

2143G9 

215296 

216225 

217156 

218089 

219024 

219961 

220900 

221841 

222784 

^3729 

224676 

225625 

226576 

227529 

228484 


84G27672 


85766121 


86938307 
87528384 
88121 l^S 
88716^36 
89314623 
89915302 


CttlM  rootfl     Ra«ipro4 


91125CMX> 

91733851 

02345408 

02959677 

9357G6e4 

9419637& 

94S18816 

95443993 

96071012 

96702579 

97336000 
970721S1 
98G1 1 1 28 
99252847 
90897344 
100544620 
101194690 
lOl 847563 
102S032S2 
103161709 


231361 
232324 


491 


494 


234256 

235225 

236196 

237169 

238144 

289121 

240100 

241081 

2420CM 

243049 

244036 

245025 

246016 


103823000 

104487111 

10515404S 

105823817 

106496424 

107171876 

107850176 

108531333 

1092 15362 

109902239 

110592000 

111284641 

111980168 

112678587 

113379904 

114084125 

114791266 

116501303 

116214272 

116980169 

117649000 

118370771 

119095488 

119823157 

120553784 

1^287375 

129023936 


20. 8566536 
20.8806130 
20.9046450 
20. 9284495 
20. 9523268 

20.9761770 
21.0000000 
21  .0237060 
21.0475652 
21.0713075 
21.0950231 
21.1.1871?1 
21.1423745 
21 .  1660105 
21 .  1896201 

21 .  2132034 

21.2367606 

21.2602916 

21.2837967 

21.3072758 

21.3307290 

21 .  3541565 

21.3775583 

21  .4009346 

21.4242853 

21.4476106 
21 .4709106 
21.4041853 
21.5174348 
21.6400692 
21.6638587 
21.5870331 
21.6101828 
21.6333077 
21.6564078 

21.6794834 
21 .7025344 
21.7255610 
21.7486632 
21 .7715411 
21.7944947 
21.8174242 
21 .8403297 
21.8632111 
21.8860686 


21.9089023 
21.9317122 
21.9544984 
21.9772610 
22.0000000 
22,0227155 
22.0454077 
22.0680765 
22.0907220 
22.1133444 

22.1359436 
22.1585198 
22.1810730 
22.2036033 
22.2261108 
22.2485965 
22.2710575 


7.5769849 
7.5827865 
7.5885793 
7.5943633 
7.6001385 

7.6059049 
7.6116626 
7.6174116 
7.6231519 
7.6288837 
7.6346007 
7.6403213 
7.6460272 
7.6517247 
7.6574138 

7.6630943 
7.6687665 
7.6744303 
7.6800857 
7.6857328 
7.6913717 
7.6970023 
7.7026246 
7.7082388 
7.7138448 

7.7194426 
7.7250325 
7.7306141 
7.7361877 
7.7417532 
7.7473109 
7.7528606 
7.7584023 
7.7639361 
7.7694620 

7.7749801 
7.7804904 
7.7850928 
7.7914875 
7.7969745 
7.8024538 
7.8079254 
7.8133892 
7.8188456 
7.8242942 

7.8297353 
7.8351688 
7.8406949 
7.8460134 
6.8514244 
7.8668281 
7.8622242 
7.8676130 
7.8729944 
7.8783684 

7.8837352 
7.8890946 
7.8944468 
7.8997917 
7.9051294 
7.9104599 
7.9157832 


.002298 
.002299 
.002288 
.00228S 
.002277 

.002272 
.00226^ 
.002262 
.00225^ 
.002252 
.00224^ 
.002242 
.00223] 
.002232 
.00222: 

.002222 
.00221: 
.002211 
.00220: 
.00220! 
.00219' 
.00219: 
.002181 
.00218 
.002171 

.00217 
.002161 
.00216 
.00215 
.00215 
.00215 
.00214 
.00214 
.00213 
.00213 

.00212 
.00212 
.00211 
.00211 
.0021c 
.6021C 
.0021c 
.0020C 
.0020t 
.0020^ 

.0020$ 
.0020: 
.0020: 
,0020: 
.0020< 
.0020^ 
.0020J 
.0020. 
.0020 
.0020 

.0020 
.0020 
.0020 
.002c 
.002c 
.002c 
.002c 


Pnctical  Arithmetic 


Part* 


Mo. 

Stfoaras  ' 

Oabes 

SqtiAro 
roots 

Cube  roots 

Reoiproealfl 

497 

247009 

122763473 

22.2934968 

7.9210994 

.002012072 

408 

248004 

123505992 

22.3159136 

7.9264065 

.002008082 

499 

249001 

124251499 

22.3383079 

7.9317104 

.002004008 

500 

250000 

125000000 

22.3606798 

7.9370063 

.002000000 

501 

251001 

125751501 

22.3830293 

7.9422931 

.001996008 

502 

252004 

126506008 

22.4053565 

7.9476739 

.001992OS2 

503 

253009 

127263627 

22.4276615 

7.9628477 

.001088072 

504 

254016 

128024064 

22.4499443 

7.9581144 

.001084127 

505 

255025 

128787625 

22.4722051 

7.9633743 

.001080108 

506 

256036 

129654216 

22.4944438 

7.9686271 

.001076285 

507 

257049 

130823843 

22.5166606 

7.9738731 

.001072387 

508 

258064 

131096612 

22.5388653 

7.9791122 

.001008504: 

509 

259081 

131872229 

22.5610283 

7.9843444 

.001064637 

510 

260100 

132651000 

22.5831700 

7.9805607 

.001060784 

511 

261121 

133432831 

22.6053091 

7.0047883 

.001056947 

512 

262144 

134217728 

22.6274170 

8.0000000 

.001053125 

518 

263169 

135005697 

22.6495033 

8.0062040 

.001040318 

514 

264196 

135796744 

22.6716681 

8.0104032 

.001045525 

515 

285225 

136590875 

22.6936114 

8.0156046 

.001041748 

516 

266256 

137388006 

22.7156334 

8.0207704 

.001037984 

517 

267289 

138188413 

22.7376340 

8.0250674 

.001034236 

518 

268324 

138991832 

22.7696134 

8.0311287 

.001030602 

519 

269361 

139798359 

22.7815715 

8.0362035 

.001026782 

520 

270400 

140608000 

22.8035086 

8.0414515 

.001028077 

521 

271441 

141420761 

22.8264244 

8.0466030 

.001010386 

522 

272484 

142236648 

22.8473193 

8.0517470 

.001915709 

523 

273529 

143055667 

22.8691933 

8.0568862 

.001912046 

524 

274576 

143877824 

22.8910463 

8.0620180 

.001908397 

525 

275625 

144703125 

22.9128785 

8.0671432 

.001904762 

526 

276676 

146631576 

22.9346899 

8.0722620 

.001901141 

627 

277729 

146363183 

22.9664806 

8.0773748 

.001897533 

528 

278784 

147197952 

22.9782606 

8.0824800 

.001893939 

529 

279841 

148035889 

23.0000000 

8.0875704 

.001890359 

530 

280900 

148877000 

23.0217289 

8.0926723 

.001886792 

531 

281961 

149721291 

23.0434372 

8.0077580 

.001883239 

532 

283024 

150668768 

23.0661252 

8.1028300 

.001879699 

533 

284089 

151419437 

23.0867928 

8.1070128 

.001876173 

534 

285156 

162273304 

23.1084400 

8.1120803 

.001872659 

535 

286225 

153130375 

23.1300670 

8.1180414 

.001869159 

536 

287296 

153900656 

23.1616738 

8.1230062 

.001865672 

537 

288369 

154864163 

23.1732606 

8.1281447 

.001862197 

538 

289444 

165720872 

23.1948270 

8.1331870 

.001868736 

539 

200521 

156600810 

23.2163736 

8.1382230 

.001855288 

540 

291600 

157464000 

23.2379001 

8.1432520 

.001851852 

541 

292681 

168340421 

23.2604067 

8.1482765 

.001848429 

542 

293764 

159220088 

23.2808035 

8.1532939 

.001845018 

548 

294849 

160103007 

23.3023604 

8.1583051 

.001841621 

544 

295936 

160989184 

23.3238076 

8.1633102 

.001838235 

845 

297025 

161878625 

23.3452351 

8.1683092 

.001834862 

546 

298116 

162771338 

23.3666420 

8.1733020 

.001831502 

547 

290209 

163667323 

23.3880311 

8.1782888 

.001828154 

548 

300304 

164566592 

23.4003098 

8.1832605 

.001824818 

549 

301401 

165409149 

23.4307490 

8.1882441 

.001821404 

550 

302500 
303601 

166875000 

23.4620788 

8.1032127 

.001818182 

551 

167284151 

23.4733892 

8.1081763 

.001814882 

552 

9D4704 

168196608 

23.4946802 

8.2031819 

.001BU994 

553 

805809 
306916 

169112377 

23.5159520 

8.2080825 

.001808318 

554 

170031464 

23.5372046 

8.2130271 

.001805054 

555 

308025 

170953875 

23.5584380 

8.2170657 

.001801802 

556 

909136 

171879616 

23.5796522 

8.2228085 

.001798561 

557 

310249 

172806603 

23.6006474 

8.2278254 

.001705S.'{2 

<fma,  CidKS,  Square   Roots,  Cube  Jloots  and  Reciprocals 


l» 

SlMSl 

I74e7es7» 

23.6481808       8 

2376614 

00178890 

J13600 

7501OOO0 

23.8643101       f 

2426706 

314721 

705i»4Sl 

3474740 

77504  32S 

00177935 

316660 

784535-47 

23 ;  7276210       a 

2572633 

00177618 

sisoaa 

71»40ei44 

23.7486842       8 

2621492 

00177306 

31922ft 

30302125 

23.7687289       1 

S"^ 

S1321400 

23.7907641       8 

2719039 

Ooi7M78 

32KS9 

82284263 

23.81178  8       S 

2767728 

00176366 

^"S? 

S3250432 

23.8327606       8 

2816356 

323761 

84220000 

2864928 

00175-46 

MMOO 

85103000 

23.8746728       8 

330011 

8610041 1 

2961903 

00175131 

3271*1 

87140248 

2319166215       a 

30)0304 

00174829 

33S329 

8S1325I7 

23.9374184       8 

8058651 

3294  7fl 

891 19224 

23.9583971       8 

[)0I742  6 

330623 

90100375 

23.979tS7S       8 

3155176 

001739  3 

331 778 

91102070 

24.0000000       8 

3203363 

001736  1 

332028 

92100033 

24.0208243       a 

3»t(»4 

1931005S2 

194104539 

24 '.0624188       a 

3347553 

00172711 

33MOO 

195112O0O 

24.0831831       a 

337561 

196122041 

3443410 

00172117 

33S72-1 

19713736S         24.1248762       8 

3491258 

00171821 

33S)vsg        1S81AG287         24.1453029       8 

3410.-^         100176704         24.1660019       8 

35S6784 

342225        2O02O162S         24.1867732       S 

3634468 

00170940 

34339B        20123005G        Z4.207436D       8 

00170648 

314569        21)220200:1        24.2230829       S 

31.-.741        20:^2974.72        24.3487113       8 

37771 S8 

00170068 

M0821         204330409 

24.2693222       8 

00169779 

S49100        205370000 

24.2899156       S 

3492)41     1     20042S071 

24-3104916       8 

3919423 

00169204 

&5U4&4    t    207474e8S 

24.3310501        8 

3966729 

00I6891S 

351640        208.-527357 

352S30    1    2095S4584 

24:3721152       8 

4061180 

354025    1    210O44S75 

24.3926218       8 

4108326 

00168067 

S.-W21Q    I    21170S73S 

24.4131112       a 

00167785 

^56409    1    21277G173 

^?S>i    I    213S471B2 

24:4540386       8 

*         35HSOi         214O21709 

24.4744765       8 

4296383 

O0166944 

10         SAOOOO        218000000 

34.4948974       8 

I          361201         217081801 

4.S153013       8 

4390098 

00I663SB 

2         3e2404        218167208 

4.6356883       8 

0016611; 

3    1       aCMfWM         21B2502Z7 

24.6660583       8 

i  1      M^iA        22034SS64 

24.6764115       8 

45302S1 

00165665 

3A602fi   1    aai44fil25 

24.6987478       8 

4676906 

00185381 

a 

a«723e   1    222546016 

24.6170673       8 

4633479 

001650U 

^S44»        223048543 

4.6373700       8 

4670001 

309004        2247  S571 2 

4.6576560       8 

4716171 

0018447E 

» 

24.6779264       8 

0016420; 

24.6981781        8 

480W6I 

00193934 

I 

4.7184142       8 

4855579 

0016366* 

87^4        ^^092| 

4.73B633S       8 

24.7588368       8 

4948065 

00163'l31 

« 

stomS      ^^tSmi 

84.7790234       8 

4094233 

001628« 

s 

^8^       ^260837! 

84.79910S5       8 

STMSe        333744806 

6086417 

a^Msa       234aSfiii3 

6132435 

0016207^ 

S178403 

00161S1: 

•  xi   1  tmnaoM 

Practical  AriUunetic 


No. 

BquAn. 

Cube* 

nSS* 

Cub*   tooU  1 

621 

885641 

230483061 

84  0108718 

.5316009   1 

00  910306 

38~14 

5361780 

00  607717 

3S      » 

9500670 

5407501 

00  605136 

0790020 

5453173 

00  602564 

SO     :s 

344140626 

25 

636 

30       S 

34*314378 

0199920 

5544373 

00  607444 

6sr 

30      10 

346401SB3 

0390681 

5580809 

00  504896 

30      14 

247673152 

62» 

SO       1 

218858180 

6680807 

00  589825 

630 

306000 

250047000 

25 

0908008 

5720189 

00  587302 

308161 

2 

1197134 

300424 

2^2135063 

5816809 

40068* 

233836137 

25 

1504013 

5802047 

00  579779 

4010M 

354840104 

25 

1703560 

5007238 

2 

25 

2190«W 

5907479 

00  672327 

35 

3388580 

9042526 

00  569850 

638 

25 

25SS610 

6087526 

00  567308 

630 

408321 

25 

640 

40B600 

232144000 

2082213 

6177388 

00  562600 

3170778 

00  560062 

642 

4  2164 

2S18D02SS 

25 

643 

4  3M0 

2S5S47707 

2 

3574447 

6.311830 

00  655210 

37715S1 

6356551 

00  552705 

0401226 

646 

4  7316 

260586130 

6415S55 

00  647088 

647 

4  S6D0 

270S40023 

4361017 

8 

6400137 

00  615506 

25 

4558111 

S 

S534971 

00  643210 

640 

431201 

25 

6S0 

422500 

374625000 

25 

4950976 

6623911 

00  638482 

661 

423801 

37580*461 

25 

SU7016 

8 

fflJS 

00  636098 

662 

42S104 

377167808 

5342907 

8 

00  B33742 

426409 

278H5077 

U38647 

8 

8750974 

00  631394 

«M 

25 

OSS 

43002S 

281011375 

8 

00  528718 

asa 

430336 

282300118 

25 

6124969 

8 

00  521300 

431649 

2S35933fll 

J320I12 

658 

25 

6977  13 

050 

4342S1 

286191170 

6700S53 

8 

7021882 

00  517451 

660 

2 

7065877 

00  615152 

661 

436921 

7109827 

00  612859 

662 

43S24I 

6S3 

7487864 

7107506 

440806 

7681075 

7241  U 

7875030 

7328918 

306740SS3 

7372604 

00  490250 

668 

446324 

00  497006 

660 

447561 

300418300 

26 

7459346 

448000 

300768000 

35 

8843583 

7503401 

671 

450311 

303111711 

29 

0036677 

672 

7590383 

304821217 

25 

7833800 

00  485884 

306183034 

26 

7977192 

3075468T9 

35 

7720532 

456B76 

308015776 

26 

00  470200 

677 

458329 

3e 

678 

Jffi 

at 

03S4331 

870 

28 

0578284 

7S03466 

004472754 

SBO 

SI4433OO0 

K 

00  470688 

OSl 

00  4<»430 

683 

465124 

317214508 

3t 

1151207 

8022721 

00  468276 
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Sbk 

SqauM 

GAm 

Sqriars 
roots 

Cdbe  lootfl 

RMiproMb 

« 

466489 

318611087 

26.1342687 

8.8065722 

!0DlSl9W 

<s« 

467856 

320013504 

26.1533037 

8.8108681 

es 

409225 

321410125 

26.1726047 

8.8151598 

.001459854 

M 

470596 

822828856 

26.1916017 

8.8194474 

.001457736 

fisr 

4719G9 

324242703 

26.2106848 

8.8237307 

.001455604 

6SS 

473344 

325600672 

23.2297541 

8.8280009 

.001453488 

09 

474721 

327082760 

26.2488095 

8.8322S50 

.001451379 

190 

476100 

328500000 

26.2678511 

8.8365559 

.001449275 

m 

477481 

329039371 

20.2868789 

8.8408227 

.001447178 

ms 

478864 

33137388S 

20.3058929 

8.8450854 

.001445087 

m 

480249 

332812557 

26.8248932 

8.8493440 

.001443001 

m 

481636 

334255384 

26.8438797 

8.8535985 

.001440922 

6SS 

483025 

335702375 

26.3628527 

8.8578489 

.001438849 

m 

484416 

337153536 

26.3818119 

8.8620952 

.001436782 

o: 

485809 

338608873 

26.4007576 

8.8663375 

.001434720 

ess 

487204 

340068302 

23.4196896 

8.8705767 

.001432665 

m 

488601 

341532009 

26.4386081 

8.8748099 

.001430615 

TOO 

480000 

343000000 

26.4575131- 

8.8790400 

.001428571 

n)i 

491401 

344472101 

26.4764046 

8.88326C1 

.001426534 

Tttt 

492804 

345048408 

26.4952826 

8.8874882 

.0P1424501 

70} 

494209 

347428027 

26.5141472 

"8.89170C3 

.(J01422475 
.001420455 

704 

495616 

348013664 

26.5329983 

8.8959204 

705 

497025 

350402625 

20.5518361 

8.9001304 

.001418440 

705 

498436 

351895S16 

26.5706605 

8.^90433C6 

.001416431 

707 

499849 

353303243 

26.5804716 

8,9085C87 

.001414427 

7» 

5012&4 

354804012 

23.6082604 

8.0127SC9 

.001412429 

TOO 

£02681 

356400820 

20.6270539 

8.9169311 

.001410437 

no 

5D4100 

357911000 

26.6458252 

8.9211214 

.001408451 

ni 

505521 

350425431 

26.C045833 

8.9253078 

.001406470 

Hi 

506944 

3GO044128 

26.6833281 

8.9294902 

.001404494 

713 

508360 

362467097 

26.7020598 

8.9336G87 

.001402525 

ni 

509796 

3C3094344 

26.7207784 

8.9378433 

.001400560 

715 

511225 

3G5525875 

26.7394839 

8.9420140 

.001398601 

ns 

512656 

3G7061696 

26.7581763 

8.9461809 

.001396648 

717 

5140S9 

303601813 

20.7768567 

8.9503438 

.001394700 

ns 

615524 

3701462C2 

26.7055220 

8.9545029 

.001392758 

710 

516961 

371604050 

26.8141754 

8.9586581 

.001390821 

7» 

518400 

373248000 

26.8328157 

8.9628005 

.001388889 

7n 

519841 

371305361 

23.8.514432 

8.9CC9C70 

.0013869C3 

722 

5212»4 

370357048 

20.8700677 

8.9711007 

.001385042 

723 

522729 

377033067 

26.8886593 

8.9752406 

.001383126 

TU 

524176 

370503424 

26.9072481 

8.979C7C6 

.001381215 

725 

525629 

3S1078125 

23.9258240 

8.98350r9 

.001379810 

ras 

537076 

382657176 

26.9443872 

8.9876C73 

.001377410 

727 

52S529 

384240583 

26.9629375 

8.9917C20 

.001376516 

ns 

529984 

385828352 

26.9814751 

8.9958829 

.001373626 

R9 

531441 

387420480 

27.0000000 

0.0000000 

.001371742 

730 

632900 

389017000 

27.0185122 

0.0041134 

.001369863 

731 

534351 

390617891 

27.0370117 

9.0082229 

.001367989 

r32 

535824 

39222316S 

27.0554985 

9.012S2E8 

.001366120 

m 

537289 

393832887 

27.0739727 

9.01043C9 

.0013642C6 

734 

538756 

395446904 

27.0924344 

9.0205293 

.001362398 

735 

540225 

397065375 

27.1108834 

9.02462C9 

.001360544 

736 

541696 

398688256 

27.1293199 

9.0287149 

.001358696 

r37 

543169 

400315553 

27.1477439 

9.0328021 

.001856852 

f38 

544644 

401947272 

27.1661554 

9.0368857 

.001855014 

m 

546121 

408583410 

27.1845544 

9.0409655 

.001353180 

'40 

547600 

405224000 

27.2020410 

9.0450419 

.001851351 

'41 

549081 

4068600ttl 

27.2213152 

9.0491142 

.001849528 

r42 

L  550564 

408518488 

27.2396769 

9.0531831 

001347709 

fJV 

K.    «K4WV«A 
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Pzactkal  Arithiaetic 


Pi 


No. 

Sqnarea 

Cubes 

Square 
loots 

Cube  rooU 

Bedproci^ 

745 

655025 

413493625 

27.2946881 

9.0653677 

.00134221 

746 

666516 

415160936 

27.3130006 

9.0694220 

.00134042 

747 

668009 

416832723 

27.3313007 

9.0734726 
9.0775197 

.00133861 

746 

659504 

418508992 

27.3495887 

.00133681 

749 

661001 

420189749 

27.3678644 

9.0615631 

.0013361] 

760 

662500 

421875000 

27.3861279 

9.0856030 

.00133882 

761 

564001 

423564751 

27.4043792 

9.0896302 

.001331W 

762 

665504 

425259008 

27.4226184 

9.0936719 

.0013297i 

763 

667009 

426957777 

27.4408455 

9.0977010 

.00132802 

764 

568516 

428661064 

27.4590604 

9.1017265 

.0013262( 

756 

670025 

430368875 

27.4772633 

9.1057486 

.0013246( 

756 

671536 

432081216 

27.4954542 

9.1097669 

.00132271 

757 

573049 

433798093 

27.5136330 

9.1137818 

.0013210( 

758 

674564 

435519512 

27.5317998 

9.1177931 

.0013192C 

759 

676081 

437245479 

27.5499546 

9.1218010 

.00131752 

760 

677600 

438976000 

27.5680975 

9.1268053 

.0013167e 

761 

579121 

440711081 

27.5862284 

9.1298061 

.0013140C 

762 

680644 

442450728 

27.6043475 

9.1338034 

.0013128S 

763 

682169 

444194947 

27.6224546 

9.1377971 

.00131061 

764 

683696 

445943744 

27.6405499 

9.1417874 

.0013089( 

765 

585225 

447897126 

27.6586334 

9.1457742 

.00130711 

766 

586756 

449455096 

27.6767050 

9.1497676 

.0013054( 

767 

588289 

451217663 

27.6047648 

9.1637375 

.00130371 

768 

589824 

452984832 

27.7128129 

9.1577139 

.0013020S 

769 

591361 

454756609 

27.7308492 

9.1616869 

.0013003( 

770 

592900 

456533000 

27.7488739 

9.1656565 

.0012987C 

771 

694441 

458314011 

27.7668808 

9.1696225 

.00129701 

772 

595984 

460099648 

27.7848880 

9.1735852 

.0012953S 

773 

597529 

461889917 

27.8028775 

9.1775445 

.0012936C 

774 

599076 

463684824 

27.8208555 

9.1815003 

.00129191 

775 

600625 

465484375 

27.8388218 

9.1854527 

.00129032 

776 

602176 

467288576 

27.8567766 

9.1894018 

.0012S86C 

777 

603729 

469097433 

27.8747197 

9.1933474 

.0012870C 

778 

605284 

470910952 

27.8926514 

9.1972897 

.00128534 

779 

60d8U 

472729139 

27.9105715 

9.2012286 

.00128361 

780 

608400 

474552000 

27.9284801 

9.2051641 

.00128208 

781 

609961 

476379541 

27.9463772 

9.2000962 

.00128041 

782 

611524 

478211768 

27.9642629 

9.2130250 

.0012787? 

783 

613089 

480048687 

27.9821372 

9.2169505 

.00127713 

784 

614656 

481890304 

28.0000000 

9.2208726 

.00127551 

785 

616225 

483736625 

28.0178515 

9.2247914 

.0012738S 

786 

617796 

485587656 

28.0356915 

9.2287068 

.00127226 

787 

619369 

487443403 

28.0535203 

9.2326189 

.00127064 

788 

620944 

489303872 

28.0713377 

9.2365277 

.00126903 

789 

622521 

491169069 

28.0891438 

9.2404333 

.00126742 

790 

624100 

493039000 

28.1069386 

9.2443355 

.00126582 

791 

625681 

494913671 

28.1247222 

9.2482344 

.00126422 

792 

627264 

496793088 

28.1424946 

9.2521300 

.00126262 

793 

628849 

498677267 

28.1602557 

9.2560224 

.00126103 

794 

630436 

500566184 

28.1780056 

9.2599114 

.00125944 

796 

632026 

502459875 

28.1957444 

9.2637973 

.00125786 

796 

633616 

504358336 

28.2134720 

9.2676798 

.00125628 

797 

635209 

506261573 
508169597 

28.2311884 

9.2715592 

.00125470 

798 

636804 

'28.2488938 

9.2754352 

.00125313 

799 

638401 

510082399 

28.2665881 

9.2793081 

.00125156 

800 

640000 

512000000 

28.2842712 

9.2831777 

.00125000 

801 

641601 

513922401 

28.3019434 

9.2870440 

.00124843 

802 

643204 

515849608 

28.3196045 

9.2909072 

.00124688 

A03 

644809 

517781627 

28.3372546 

9.2947071 

.00124533 

804 

646416 

519718464 

28.3548938 

9.2986239 

.00124378 

805 

648025 

521660125 

28.3725219 

9.3024776 

.00124223 

806 

649636 

523606616 

28.3901391 

9.3063278 

.00124069 
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h. 

CQbes 

8q«are 

loots 

(Mm  loots 

lUtipitMiiS 

IK 

651149 

625657943 

28.4077454 

9.8101760 

.001239167 

tm 

652864 

527614112 

28.4263408 

9.3140190 

.001237624 

m 

6544&1 

629476120 

28.4429263 

9.8178690 

.001230094 

BO 

666100 

531441000 

28.4604989 

9.8216976 

.001234568 

fil 

657721 

633411731 

28.4780617 

9.3266320 

.001233046 

112 

65S3U 

635387328 

28.4966137 

9.3293634 

.001231527 

SI3 

60096» 

537367797 

28.6131649 

9.8331916 

.001230012 

IM 

662506 

539363144 

28.6306862 

9.8370167 

,001228601 

8U 

664225 

641343376 

28.6482048 

9.3408386 

.001226994 

SM 

665836 

643338496 

28.6657137 

9.3446676 

.001226490 

Sir 

667489 

646338613 

28.6832119 

9.3484731 

.001223990 

gl8 

669124 

647343432 

28.6006993 

9.3622867 

.001222494 

8» 

670761 

649363260 

28.6181760 

9.3660962 

.001221001 

eo 

672400 

661368000 

28.6356421 

9.3699016 

.001219612 

S21 

674041 

663387661 

28.6630976 

9.3637049 

.001218027 

62S 

6756H4 

666412248 

28.6706424 

9.3676061 

.001216645 

ss 

677329 

657441767 

28.6879766 

9.3713022 

.0012JM)67 

891 

678976 

660476224 

28.7064002 

9.3760963 

.001213692 

» 

680625 

661616626 

28.7228132 

9.3788873 

.001212121 

» 

682276 

663664K)76 

28.7402167 

9.3826762 

.001210654 

an 

683029 

566609283 

28.7676077 

9.3864600 

.001209190 

IS 

685584 

667663662 

28.7749891 

9.3902419 

.001207729 

» 

687241 

569722780 

28.7923601 

9.3940206 

.001206273 

no 

68HflU) 

671787000 

28.8097206 

9.3977964 

.001204819 

m 

690561 

673866191 

28.8270706 

9.4015691 

.001203360 

nsz 

662224 

676930368 

28.8444102 

9.4063S87 

.001201923 

aa 

603880 

678000637 

28.8617394 

9.4091064 

.001200480 

SM 

695556 

680093704 

28.8790682 

9.4128690 

.001109041 

OS 

607225 

682182876 

28.8963666 

9.4166297 

.001107605 

m 

696896 

584277056 

28.9136646 

9.4203873 

.001106172 

07 

700669 

586376263 

28.9309623 

9.4241420 

.001194743 

S38 

702244 

588480472 

28.9482297 

9.4278936 

.001193317 

89 

70!i921 

690580719 

28.9664967 

9.4316423 

.001191896 

Ml 

705600 

592704000 

28.9627636 

9.4363880 

.001190476 

m 

707281 

694823321 

29.0000000 

9.4391307 

.001189061 

m 

708064 

696947688 

29.0172363 

9.4428704 

.001187648 

m 

710649 

599077107 

29.0344623 

9.4466072 

.001166240 

m 

712336 

601211584 

29.0616781 

0.4603410 

.001184834 

Ui 

714023 

603361126 

29.0688837 

9.4640719 

.001183432 

m 

715716 

606496736 

29.0860791 

9.4677999 

.001182033 

¥^ 

717409 

607646423 

29.1032644 

9.4615249 

.001180638 

MS 

719104 

609800192 

29.1204306 

9.4652470 

.001179246 

w 

720601 

611960049 

29.1376046 

9.4689661 

.001177856 

» 

722500 

614126000 

29.1647696 

9.4726824 

.001176471 

f&\ 

724201 

616296061 

29.1719043 

9.4763967 

.001176088 

8» 

725004 

618470208 

29.1890390 

9.4801061 

.001173709 

n 

727609 

620660477 

29.2061637 

9.4838136 

.001172333 

IM 

729316 

622836864 

29.2232784 

9.4876182 

.001170060 

ISS 

731025 

626026376 

29.2403830 

9.4912200 

.001169591 

191 

732736 

627222016 

29.2674777 

9.4949188 

.001168224 

19 

734449 

629422793 

29.2746623 

9.4966147 

.001166861 

8S 

736164 

631628712 

29.2916370 

9.5023078 

.001165501 

Ml 

787881 

633839779 

29.3087018 

9.5050980 

.001164144 

an 

739600 

636066000 

29.8267666 

9.5096864 

.001162791 

8H 

741321 

638277381 

29.3428016 

9.6133699 

.001161440 

III 

743044 

640603928 

29.3698366 

9.5170515 

.001160093 

IB 

744769 

642736647 

29.3768616 

9.6207303 

.001168749 

fi 

746406 

644972644 

29.3938769 

9.6244063 

.001157407 

fi 

748225 

647214625 

29.4108823 

9.5280794 

.001156060 

5 

749056 

649461896 

29.4278779 

9.5317497 

.001164734 

m 

VCIAQA 

A&i«yiA9A9 

OO   AAAQti.V7 

o  KilFA^•r9. 

nniiAjunn 

PzactkiJ  Arithnetic 


Part 


Squans 

Cubai     Square 
^'•"^      coots 

Cuba  roata 

BaolprocajB 

02001 

15438249 

15.7797838 

6.2911946 

.004016064 

62500 

15625000 

15.8113883 

6.2996053 

.004000000 

63001 

15813251 

16.8429795 

6.3079935 

.003984064 

03504 

16008008 

15.8745079 

6.3163596 

.003968254 

64009 

16194277 

15.9059737 

6.3247035 

.003952560 

64516 

16387064 

15.9373775 

6.3330256 

.003937008 

65025 

16581375 

15.9687194 

6.3413257 

.003921569 

65536 

16777216 

16.0000000 

6.3496042 

.003906250 

66049 

16974593 

16.0312195 

6.3578611 

.003891051 

66504 

17173512 

16.0623784 

6.3660968 

.003875969 

67081 

17373979 

16.0934769 

6.3743111 

.003861004 

67600 

17576000 

16.1245155 

6.3825043 

.003846154 

68121 

17779581 

16.1554944 

6.3906765 

.003831418 

68644 

17984728 

16.1864141 

6.3988279 

.003816794 

69109 

18191447 

16.2172747 

6.4069585 

.003802281 

69696 

18399744 

16.2480768 

6.4150687 

.003787879 

70225 

18609625 

16.2788206 

6.4231583 

.003773585 

70756 

18821096 

16.3095064 

6.4312276 

.003759398 

71289 

19034163 

16.3401346 

6.4392767 

.003745318 

71824 

19248832 

16.3707055 

6.4473057 

.003731343 

72361 

19465109 

16.4012195 

6.4553148 

.003717472 

72900 

19683000 

16.4316767 

6.4633041 

.003703704 

73441 

19902511 

10.4620776 

6.4712736 

.003690037 

73984 

20123648 

16.4924225 

6.4792236 

.003676471 

74529 

20346417 

16.5227116 

6.4871541 

.003663004 

75076 

20570S24 

16.5529454 

6.4950653 

.003649635 

75626 

20796875 

16.5831240 

6.5029572 

.003636364 

76176 

21024576 

16.6132477 

6.5108300 

.003623188 

76729 

21253933 

16.6433170 

6.5186839 

.003610106 

77284 

21484952 

16.6733320 

6.5265189 

.003597122 

77841 

21717639 

16.7032931 

6.5343351 

.003584229 

78400 

21952000 

16.7332005 

6.5421326 

.003571429 

78981 

22188041 

10.7630546 

6.5499116 

.003568719 

79524 

22425768 
22365187 

16.7928503 

6.5576722 

.003546099 

80089 

16.8226038 

6.5654144 

.003533560 

80056 

22906304 

16.8522995 

6.5731385 

.003521127 

81225 

23149125 

16.8819430 

6.5808443 

.003508772 

81796 

23393656 

16.9115345 

6.5685323 

.003496503 

82369 

23639903 

16.9410743 

6.5962023 

.003484321 

82944 

23887872 

16.9705327 

6.6038545 

.003472222 

83521 

24137569 

17.0000000 

6.6114890 

.003460208 

84100 

24389000 

17.0293864 

6.6191060 

.003448276 

84681 

24642171 

17.0587221 

6.6267054 

.003436426 

85264 

24897088 

17.0880075 

6.6342874 

.003424058 

85849 

25153757 

17.1172428 

6.6418522 

.003412969 

86436 

25412184 

17.1464282 

6.6493998 

.003401361 

87025 

25672375 

17.1755640 

6.6569302 

.003369831 

87616 

25934336 

17.2046505 

6.6644437 

.003378378 

88209 

26198073 

17.2336879 

6.6719403 

.003367003 

88804 

20463592 

17.2626765 

6.6794200 

.003355705 

89401 

26730899 

17.2916165 

6.6868831 

.003344482 

90000 

27000000 

17.3206081 

6.6943296 

.003383333 

90601 

27270901 

17.8493516 

6.7017693 

.003322260 

91204 

27543608 

17.3781472 

6.7091729 

.003311258 

91809 

27818127 

17.4068952 

6.7166700 

.003300330 

92416 

28094464 

17.4355958 

6.7239508 

.003289474 

93025 

28372625 

17.4642492 

6.7313156 

.003278689 

93636 

28652616 

17.4928^7 

6.7386641 

.003267974 

04249 

28934448 

17.6214155 

6.7459967 

.003267329 

9486(1 

29218112 

17.5499288 

6.7533134 

.003246753 

95481 

29603629 

17.5783958 

6.7606143 

.003236246 

96100 

29791000 

17.6068169 

6.7678995 

.003225806 

Sqnucs,  Cube»,  Sq\uue    RootK,    Cube  Roats  a 


306&4297 
30059144 

315&4490 

3i»&aoi3 

321S7432 


349657S3 
352S7553 
35611.28S 
35037000 
3lt264e01 
3&5»43<ia 


37Z5070* 
3759S37S 


38272753 


40353eOr 
4070758-* 
41063625 

417S1023 
421-14103 
42S0S£^0 
42870000 
432435S1. 


Practical  Arithmetic 


Pi 


No. 

SqiutfM 

Cubes 

Square 
roots 

Cube  roots 

Raciproca 

621 

385641 

239483061 

24.9198716 

8.5316009 

.00161034 

622 

38G884 

240641848 

24.9399278 

8.5361780 

.0016077] 

623 

388129 

241804367 

24.9599679 

8.5407501 

.00160514 

624 

389376 

242970624 

24.9799920 

8.5453173 

.0016O2« 

625 

390625 

244140625 

25.0000000 

8.5498797 

.ooieoooc 

626 

891876 

245314376 

25.0199920 

8.5544372 

.0015074^ 

627 

393129 

246491883 

25.0399681 

8.5589899 

.00159481 

623 

394384 

247673152 

25.0599282 

8.5635377 

.00159231 

629 

395641 

248858189 

25.0798724 

8.5680807 

.00158981 

630 

396900 

250047000 

25.0998008 

8.5726189 

.0015873( 

631 

398161 

251239591 

25.1197134 

8.5771523 

.001R847f 

632 

399424 

252435963 

25.1396102 

8.5816809 

.0015822) 

633 

400689 

253636137 

25.1594913 

8.5802047 

.00167977 

634 

401956 

254840104 

25.1793566 

8.5907238 

.00167728 

635 

403225 

255047875 

25.1992063 

8.5952380 

.00157480 

636 

404496 

237259456 

25.2190404 

8.5997476 

.00157232 

637 

405769 

25S474853 

25.2388589 

8.6042525 

.00156985 

638 

407044- 

259694072 

25.2586619 

8.6087526 

.00156739 

639 

408321 

260917119 

25.2784493 

8.6132480 

.00156494 

640 

409600 

232144000 

25.2982213 

8.6177388 

.00156250 

641 

410881 

233374721 

25.3179778 

8.6222248 

.00156006 

642 

412164 

264609283 

25.3377189 

8.6267063 

.00155763 

643 

413449 

265847707 

25.3574447 

8.6311830 

.00155521 

644 

414736 

267089984 

25.3771551 

8.6356551 

.00155270 

645 

416025 

268336125 

25.3968502 

8.6401226 

.00155038 

646 

417316 

269586133 

25.4165301 

8.6445855 

.00154798 

647 

418609 

270840023 

25.4361947 

8.6490437 

.00154559 

648 

419904 

272097792 

25.4558441 

8.6534974 

.00154321* 

649 

421201 

273359449 

25.4754784 

8.6579465 

.001540&'i 

650 

422500 

274625000 

25.4950976 

8.6623911 

.00153846: 

651 

423801 

275894451 

25.5147016 

8.6668310 
8.6712665 

.0015360» 

652 

425104 

277167808 

25.5342907 

.00153374: 

653 

426409 

278445077 

25.5538647 

8.6756974 

.00153139' 

654 

427716 

279723234 

25.5734237 

8.6801237 

.001529052 

655 

429025 

281011375 

25.5929678 

8.6845456 

.001526711 

656 

430336 

282300416 

25.6124969 

8.6889630 

.00152439< 

657 

431649 

283593393 

25.6320112 

8.6933759 

.00152207( 

658 

432964 

284890312 

25.6515107 

8.6977843 

.00151975: 

659 

434281 

286191179 

25.6709953 

8.7021882 

.00151745] 

660 

435600 

287496000 

25.6904652 

8.7065877 

.001515151 

661 

436921 

288804781 

25.7099203 

8.7109827 

.00151285( 

662 

438244 

29011752S 

25.7293607 

8.7153734 

.00161057^ 

663 

439569 

291434247 

25.7487864 

8.7197596 

.00150829C 

664 

440896 

292754944 

25.7681975 

8.7241414 

.001506024 

665 

442225 

294079325 

25.7875939 

8.7285187 

.00150375S 

666 

443556 

295408296 

25.8069758 

8.7328918 

.001501502 

667 

444889 

296740963 

25.8263431 

8.7372604 

.00140925C 

668 

446224 

298077632 

25.8456960 

8.7416246 

.001497006 

669 

447561 

299418309 

25.8650343 

8.7459846 

.001494768 

670 

448900 

300763000 

25.8848582 

8.7503401 

.001492537 

671 

450241 

302111711 

25.9036677 

8.7546913 

.001490313 

672 

451584 

303464448 

25.9229628 

8.7590383 

.001488095 

673 

452929 

304821217 

25.9422435 

8.7633809 

.001485884 

674 

454276 

306182024 

25.9615100 

8.7677192 

.001483880 

675 

455625 

307546875 

25.9807621 

8.7720532 

.001481481 

676 

456976 

308915776 

26.0000000 

8.7763830 

.001479290 

677 

458329 

310288733 

26.0192237 

8.7807084 

.001477106 

678 

459684 
461041 

311665752 

26.0384331 

8.7850296 

.001474926 

679 

313046839 

26.0576284 

8.7893466 

.004472764 

680 

462400 

814432000 

26.0768096 

8.7936593 

.001470588 

681 

463761 

315821241 

26.0960767 

8.7979679 

.001468429 

682 

465^24 

317214568 

26.1151297 

8.8022721 

.001466276 

lloiB,  Cobes,  Square  Roots,  Cabe  Roots  and  Reciprocab     19 


SiiauM 

OAm 

Squara 

VOOU 

Cabe  looto 

RMiproeab 

466«80 

318611087 

26.1342687 

8.8066722 

.QP1464129 
.mi461988 

467856 

320013504 

26.1533037 

8.8108681 

460225 

321410125 

26.1725047 

8.8151598 

.001459854 

170506 

322828856 

26.1016017 

8.8194474 

.001457726 

471960 

324242703 

26.2106848 

8.8237307 

.001455604 

473344 

325660672 

20.2297541 

8.82S0009 

.001453488 

474721 

327082760 

26.2488095 

8.8322S50 

.001451379 

478100 

328500000 

26.2678511 

8.8365559 

.001449275 

477481 

320030371 

20.2868789 

8.8408227 

.001447178 

47B864 

331373888 

20.3058929 

8.8450854 

.001445087 

49Q24» 

332812557 

26.3248932 

8.8493440 

.001443001 

481636 

334255384 

26.3438797 

8.8535985 

.001440922 

483025 

335702375 

26.3628527 

8.8578489 

.001438849 

484416 

337153536 

26.3818119 

8.8620952 

.001436782 

485809 

33S606873 

26.4007576 

8.8663375 

.001434720 

487204 

340068302 

25.4196896 

8.8706757 

.001432665 

488001 

341532000 

26.4386081 

8.8748009 

.001430615 

tf 

480000 

343000000 

26.4575131* 

8.8790400 

.001428571 

jfa 

401401 

344472101 

26.4764046 

8.88326C1 

.001426534 

pt 

492804 

345048408 

26.4952826 

8.8874882 

.001424501 

B 

404200 

347428027 

26.5141472 

-^8.8917X3 

.(R)1422475 
.001420455 

H 

405616 

348013664 

26.53299S3 

8.8959204 

S 

407025 

350402625 

20.5518361 

8.9001304 

.001418440 

B 

408436 

351805816 

26.5706605 

8:'90433C6 

.001416431 

B 

409840 

353303243 

26.589471S 

8.9085C87 

.001414427 

B 

501254 

354804012 

20.6082604 

8.01273C9 

.001412429 

Rl 

502681 

356400620 

20.6270539 

8.9169311 

.001410437 

no 

804100 

357011000 

26.6458252 

8.9211214 

.001406451 

El 

50S521 

350425431 

26.CC45833 

8.9253078 

.001406470 

ni 

506044 

3G0044128 

26.6833281 

8.9294902 

.001404494 

IB 

508360 

362467007 

26.7020598 

8.9336687 

.001402525 

rii 

509796 

383004344 

26.7207784 

8.9378433 

.001400560 

ns 

511225 

305525875 

26.7394839 

8.9420140 

.001398601 

ns 

512656 

3G7061606 

26.7581763 

8.9461809 

.001396648 

fp 

5140S9 

3HS601813 

20.7768557 

8.9503438 

.001394700 

ns 

515524 

3701462C2 

26.7955220 

8.9545029 

.001392768 

R9 

516061 

371604050 

26.8141754 

8.9586581 

.001390821 

» 

518400 

373248000 

26.8328157 

8.9628005 

.001388889 

Ttt 

519841 

374305361 

23.8514432 

8.9CC9C70 

.0013869C3 

at 

521284 

370367048 

26.8700677 

8.9711007 

.001385042 

m 

522720 

377033067 

26.8886593 

8.9752406 

.001383126 

m 

524176 

370503424 

26.9072481 

8.979C7C6 

.001381215 

ss 

525625 

3S1078125 

1:3.9258240 

8.98350r9 

.001379810 

OB 

527076 

382657176 

26.9443872 

8.9876C73 

.001377410 

Br 

528520 

384240583 

26.9629375 

8.9917C20 

.001375616 

n 

580964 

385828352 

26.9814751 

8.9968829 

.001373626 

IS 

531441 

387420480 

27.0000000 

0.0000000 

.001371742 

no 

532900 

880017000 

27.0185122 

0.0041134 

.001369863 

31 

5343S1 

390617891 

27.0370117 

0.0082229 

.001367989 

332 

535824 

30222316S 

27.0554985 

9.012n2€8 

.001366120 

KB 

537280 

303832887 

27.0739727 

9.01643C9 

.0013G42r;6 

M 

538756 

305446904 

27.0924344 

9.0205293 

.001362308 

ns 

540225 

307065375 

27.1108834 

9.02462n9 

.001360544 

9 

541686 

308888256 

27.1293199 

9.0287149 

.001358696 

nr 

543160 

400315553 

27.1477430 

9.0328021 

.001356852 

S 

544644 

401047272 

27.1661554 

9.0368857 

.001855014 

M 

540121 

403583410 

27.1845544 

9.0409655 

.001353180 

547600 

406224000 

27.2020410 

9.0450419 

.001851351 

Ml 

540061 

406860001 

27.2213152 

9.0491142 

.001349528 

S 

550564 

408518488 

27.2306769 

9.0531831 

001347709 

s 

552048 

410172407 

27.2580263 

9.0572482 

-001845895 

W 

553636 

411830784 

27.2763634 

9.0613098 

001344086 

Pmctkal  Arithmetic 


No. 

Squares 

Cubes 

Square 
Toots 

Cube  roots 

Racipra 

74« 

565026 

413493626 

27.2946881 

9.0653677 

.001342 

746 

556516 

415160936 

27.3130006 

0.0694220 

.001340 

747 

568009 

416832723 

27.3313007 

9.073472(. 
9.077519: 

.001338 

748 

569604 

418506992 

27.3495887 

.001336 

749 

561001 

420189749 

27.3678644 

9.0816631 

.00133£ 

750 

562600 

421876000 

27.3861279 

9.0866030 

.001338 

761 

664001 

423664761 

27.4043792 

9.0896392 

.001331 

762 

666604 

426269008 

27.4226184 

9.0936719 

.001329 

753 

667009 

426967777 

27.4408456 

9.0977010 

.001328 

754 

668616 

428661064 

27.4690604 

9.1017266 

.001326 

756 

570026 

430368876 

27.4772633 

9.1067485 

.001324 

756 

571536 

432081216 

27.4954542 

9.1097669 

.O01322 

757 

573049 

433798093 

27.5136330 

9.1137818 

.001321 

768 

574564 

435519512 

27.5317998 

9.1177931 

.001310 

769 

576081 

437245479 

27.5499546 

9.1218010 

.001317 

760 

677600 

438976000 

27.5680975 

9.1268063 

.001315 

761 

679121 

440711081 

27.6862284 

9.1298061 

.001314 

762 

680644 

442460728 

27.6043475 

9.1338034 

.001312 

763 

682169 

444194947 

27.6224546 

9.1377971 

.001310 

764 

683696 

446943744 

27.6405499 

9.1417874 

.OO13O0 

766 

686225 

447697125 

27.6586334 

9.1457742 

.001307 

766 

686766 

449455096 

27.6767050 

9.1497576 

.OO130& 

767 

588289 

461217663 

27.6947648 

9.1537375 

.001303 

768 

589824 

462984832 

27.7128129 

9.1577139 

.0013021 

769 

601361 

454756609 

27.7308492 

9.1616869 

.001300 

770 

592900 

456633000 

27.7488739 

9.1656565 

.00129^ 

771 

694441 

458314011 

27.7668808 

9.1696225 

.0012071 

772 

596984 

460099648 

27.7848880 

9.1735862 

.001206; 

773 

597629 

461889917 

27.8028775 

9.1775445 

.001293I 

774 

699076 

463684824 

27.8208655 

9.1815003 

.0012011 

776 

600625 

465484375 

27.8388218 

9.1854527 

.001290 

776 

602176 

467288576 

27.8567766 

9.1894018 

.0012881 

777 

603729 

469097433 

27.8747197 

9.1933474 

.001287< 

778 

605284 

470910952 

27.8926514 

9.1972897 

.001285; 

779 

600641 

472729139 

27.9105715 

9.2012286 

.0012831 

780 

608400 

474652000 

27.9284801 

9.2051641 

.0012821 

781 

609961 

476379541 

27.9463772 

9.2090962 

.001280* 

782 

611524 

478211768 

27.9642629 

9.2130250 

.O0127S 

783 

613089 

480048687 

27.9821372 

9.2169505 

.001277 

784 

614656 

481890304 

28.0000000 

9.220S726 

.0012751 

785 

616225 

483736625 

28.0178515 

9.2247914 

.0012731 

786 

617796 

485587656 

28.0356915 

9.2287068 

.001272! 

787 

619369 

487443403 

28.0535203 

9.2326189 

.001270 

788 

620944 

489303872 

28.0713377 

9.2365277 

.001260 

789 

622521 

491169069 

28.0891438 

9.2404333 

.001267 

790 

624100 

493039000 

28.1069386 

9.2443356 

.0012651 

791 

626681 

494913671 

28.1247222 

0.2482344 

.O0l20« 

792 

627264 

496793088 

28.1424946 

9.2521300 

.0012621 

793 

628849 

498677257 

28.1602557 

9.2560224 

.0012611 

794 

630436 

500566184 

28.1780056 

0.2599114 

.0012501 

796 

632025 

502459875 

28.1957444 

9.2637973 

.0012571 

796 

633616 

504358336 

28.2134720 

9.2676798 

.0012562 

797 

636209 

50626157a 

28.2311884 

9.2715592 

.0012541 

798 

636804 

608169593 

'28.2488938 

9.2754352 

.001253; 

799 

638401 

510082399 

28.2666881 

9.2793081 

.001251J 

800 

640000 

612000000 

28.2842712 

9.2831777 

.0012501 

801 

641601 

513922401 

28.3019434 

0.2870440 

.001248^ 

802 

643204 

515849608 

28.3196045 

9.2909072 

.0012461 

fi03 

644809 

517781627 

28.3372546 

9.2947671 

.001245: 

804 

646416 

519718464 

28.3548938 

9.2986239 

.001243; 

805 

648026 

521660125 

28.3726219 

9.3024776 

.001242 

806 

649636 

523606616 

28.3901391 

9.3063278 

.001240( 

Cabes,  Square  Rocts^  Cube  Itoots  and  Redprocala 


1 

Cabes 

Square 

loots 

OM   RMts 

BeefproM* 

•51249 

^25^57943 

28.4077454 

9.8101750 

.001230167 

pi 

652^i54 

527514112 

28.4253406 

9.3140190 

.001237624 

P 

6M481 

529475129 

28.4429253 

9.8178599 

.001230094 

ho 

«5Aia> 

531441000 

28.4604989 

9.3216975 

.001234568 

|H 

65;;2i 

533411731 

28.4780617 

9.3255320 

.001233046 

M 

659344 

5353S7328 

28.4956137 

9.8293634 

.001231527 

» 

«60909 

537367797 

28.5131549 

9.8831916 

.001230012 

14 

e62o9d 

539353144 

28.5306852 

9.8370167 

.001228501 

g 

0&1225 

541343375 

28.5482048 

9.3408386 

.001226994 

665S:« 

543338496 

28.5657137 

9.3446575 

.001225490 

£• 

6674Sd 

545338613 

28.5832119 

9.3484731 

.001223990 

an 

669124 

547343432 

28.6006993 

9.3522857 

.001222494 

IB 

670761 

549a'>3259 

28.6181760 

9.3560952 

.001221001 

m 

i    672400 

551368000 

28.6356421 

9.3599016 

.001219512 

fti 

674041 

553387661 

28.6530976 

9.3637049 

.001218027 

93 

675tv:>4 

555412248 

28.6705424 

9.3675051 

.001216545 

e 

677329 

557441767 

28.6879766 

9.3713022 

.001215067 

678976 

559476224 

28.7054002 

9.3750963 

.001213592 

B 

680625 

561515625 

28.7228132 

9.3788873 

.001212121 

S 

662276 

563559976 

28.7402157 

9.3828752 

.001210654 

66^^29 

56o609283 

28.7576077 

9.3864600 

.00120919G 

B 

6833^4 

567663552 

28.7749891 

9.3902419 

.00120772fl 

» 

687241 

569722789 

28.7923601 

9.3940206 

.001206273 

B 

6S$'90O 

671787000 

28.8097206 

9.3977964 

.001204816 

U 

69Ci661 

573856191 

28.8270706 

9.4015691 

.00120336fi 

e 

692224 

575930368 

28.8444102 

9.4053S87 

.001201923 

13 

693S89 

578009537 

28.8617394 

9.4091054 

.00120048C 

l« 

6ttooo6 

580093704 

28.8790582 

9.4128C90 

.001199041 

H 

6S7225 

5*^182875 

28.8963666 

9.4166297 

.00119760S 

69^^96 

5S4277056 

28.9136646 

9.4203873 

.001196172 

r 

70Ct569 

586376263 

28.9309523 

9.4241420 

.001194743 

II 

702244 

5S8480472 

28.9482297 

9.4278936 

.001193317 

• 

703921 

590589719 

28.9654967 

9.4316423 

.00119189£ 

in 

705600 

502704000 

28.9827535 

9.4353880 

.00119047C 

a 

707281 

594823321 

29.0000000 

9.4391307 

.001189061 

g 

70S9&1 

596947688 

29.0172363 

9.4428704 

.001187648 

710649 

599077107 

29.0344623 

9.4466072 

.00118624C 

M 

712336 

601211584 

29.0516781 

9.4503410 

.001184834 

B 

714025 

603351125 

29.0688837 

9.4540719 

.001183432 

» 

715716 

605495736 

29.0860791 

9.4577999 

.001182035 

17 

717409 

607645423 

29.1032644 

9.4615249 

.001180638 

IB 

719104 

609800192 

29.1204396 

9.4652470 

.001179245 

m 

720801 

611960049 

29.1376046 

9.4689661 

.001177856 

m 

722500 

614125000 

29.1547595 

9.4726824 

.001176471 

H 

724201 

616295051 

29.1719043 

9.4763957 

.001175088 

B 

7259Q4 

618470208 

29.1890890 

9.4801061 

.00117370S 

B 

727609 

620650477 

29.2061637 

9.4838136 

.001172333 

u 

rJ93I6 

622835864 

29.2232784 

9.4875182 

.00117096C 

is 

731025 

625026375 

29.2403830 

9.4912200 

.001169591 

B 

732736 

627222016 

29.2574777 

9.4949188 

.001168224 

D 

734449 

629422793 

29.2745623 

9.4986147 

.001166861 

B 

736164 

631628712 

29.2916370 

9.5023078 

.001165501 

P 

737881 

633839779 

29.3087018 

9.5059980 

.001164144 

B 

736600 

686056000 

29.3257566 

9.5096854 

.001162791 

741321 

638277381 

29.3428015 

9.5133699 

.00116144C 

jp 

743044 

64O503928 

29.3598365 

9.5170515 

.001100093 

B 

744769 

642735647 

29.3768616 

9.5207303 

.001158746 

B 

746406 

644972544 

29.3938769 

9.5244063 

.001157407 

B 

748225 

647214625 

29.4108823 

9.5280794 

.001156066 

B 

749656 

649461896 

29.4278779 

9.5317497 

.0011.54734 

e 

751669 

651714363 

29.4448637 

9.6364172 

.001153403 

P 

753424 

653972032 

29.4618397 

9.5390818 

.001152074 

Fnctkal  Arithmetic 


!> 


No. 

8q<«*> 

CubM 

rootj 

Cntw  raola     I 

Uolproorf 

373 

3SIM 

9.3133079 

.1984090 

0O268OM 

30876 

62313634 

0.3300701 

.3048322 

00267370 

40025 

9.3049167 

.2112479 

41378 

63157373 

9.3007104 

.2176522 

003SSM7 

42120 

.2240450 

00265253 

37S 

MOIOIJS 

879 

43641 

64430033 

10:4679323 

.2367972 

002638*2 

380 

44400 

0 

00263197 

I 

00282487 

4G034 

8 

10.5448303 

;  .2558415 

0028178OI 

46689 

7 

003810066 

384 

i 

19:5950179 

: 2684824 

002ai>4ia7J 

3sa 

48235 

S 

10.6314180 

7.2747864 

0025974O3 

4800S 

19.646S827 

.3810794 

002590674 

0025S3B79 

»544 

2 

:2936330 

002577320 

31331 

0 

7.2098936 

002570094 

3W 

S3100 

S93100O0 

19.7484177 

7.3061436 

3S1 

S28S1 

69776471 

10.7737109 

;;.  3123828 

3B2 

S3664 

60236238 

303 

84440 

3M 

Bsaia 

si 

3M 

saoas 

306 

307 

10:9248588 

3»S 

158404 

63044703 

19.9409373 

390 

159201 

002306266 

400 

60000 

640000m 

20.0000000 

7.3680530 

401 

60801 

64481201 

20.0249844 

7,3741079 

002493766 

402 

20.0490  77 

00248  562 

403 

62409 

20,0748590 

7:3864373 

00248  300 

404 

63216 

20.0997  12 

7.3025418 

00247  248 

405 

7.3086363 

002469138 

40fl 

64816 

20: 1404417 

002463054 

407 

65649 

87410143 

20.1742410 

7:4107930 

40S 

66404 

67017312 

20.1990009 

T.413SJ96 

002450980 

68417929 

002444088 

410 

68921000 

20.2484M7 

7.4280539 

002439024 

411 

69428531 

20,2731349 

»2433090 

4It 

09934523 

70444097 

20:3224014 

7:4470342 

414 

70057944 

20.3460809 

7.4530.TO9 

002415450 

41S 

7147337S 
T19012M 

20.3715488 

M2409839 

20.3960781 

7:4060223 

73911713 

20.420577B 

7.4709991 

002398082 

418 

73034632 

20.4450483 

7.4709064 

002392344 

(10 

T3660050 

002388635 

410 

740880m 

20.4039015 

7.4888724 

421 

!41 

74618461 

422 

20 :  6420386 

433 

20.5669638 

7:6006907 

424 

r76 

20.5912603 

7.512S715 

002358491 

42S 

(25 

002352041 

420 

002347418 

437 

130 

20:6639783 

428 

.(»J84 

78402753 

002336440 

430 

1S4041 

73053580 

002331003 

430 

S4900 

70507000 

002315881 

30:7605395 

432 

86634 

80621568 

3O.7S48O07 

433 

87489 

81182737 

20.S0S6B20 

38336 

81746604 

20  S32AA6T 

k'awa.  Cubes,  Square  Roots,  Cube  Roots  and  Reciprocals 


}6 
37 
38 
30 

r40 

141 

142 

M3 

144 

M5 

446 

447 

44S 

U9 

450 

451 

432 

453 

4S4 

455 

456 

437  ' 

45S 

459 

460 
461 
462 
463 
464 
465 
466 
467 
468 


470 
471 
472 
473 
474 
475 
476 
477 
478 
479 

480 
481 
4S2 
4S3 
1»4 
4S5 
486 
4S7 
48« 
488 

400 
491 


4A2 

1^ 


189225 
190096 
190B60 
191S44 
102721 

103600 
104481 
1953G4 
106249 
197136 
19S025 
198916 
•199S09 
200704 
201601 

202500 
203401 
2043O4 
205209 
206116 
207025 
207936 
20SS49 
209764 
210681 

211600 
212521 
213-144 
214369 
215296 
21G225 
217156 
218089 
219024 
219961 

220900 
221841 
222784 
223729 
224676 
225625 
226576 
227529 
228484 
229441 

230400 

231361 

232324 

233280 

234256 

235225 

236196 

237160 

238144 

289121 

240100 

241081 
242064 
243040 


82312875 
82881856 
83453453 
84027672 
84604519 

85184O00 
85766121 


86038307 
87528384 
88121125 
88716536 
80314623 
80015302 
00518840 

O112500O 
01733851 
02345408 
02950677 
03576664 
04106375 
04818816 
05443903 
06071912 
06702579 

07336000 

97972181 

08611128 

09252847 

09807344 

100544625 

101194G96 

lO 1847563 

1025032S2 

103161709 

103823000 

104487111 
105 154048 
105823817 
106406424 
107171875 
107850176 
108531333 
1092 15352 
1O0902239 

11O59200O 
111284641 
111080168 
112678587 
113379904 
114084125 
114791256 
115501303 
116214272 
116030169 

117640000 

118370771 
1 10O95488 
110823157 
120553784 


20.8566536 
20.8806130 
20.0046460 
20.9284495 
20.9523268 

20.9761770 


2 
2 
2 
2 
2 
2 
2 
2 
2 

2 
2 
2 
2 
2 
2 
2 
2 
2 
2 

2 
o 

2 
2 
2 
2 
2 
2 
2 
2 

2 
2 
2 
2 
2 
2 
2 
2 
2 
2 


.0000000 
.0237960 
.0475652 
.0713075 
.0960231 

.ll87in 
.1423745 
.1660105 
.1896201 

.2132034 
.2367606 
.2602916 
.2837967 
.3072758 
.3307290 
.3541565 
.8775583 
.4009346 
.4242853 

.4476106 
.4709106 
.4041853 
.5174348 
.5400502 
.6638587 
.6870331 
.6101828 
.6333077 
.6564078 

.6794834 
.7025344 
.7255610 
.7485632 
.7715411 
.7944947 
.8174242 
.8403297 
.8632111 
.8860686 


21 .9089023 
21.9317122 
21.9544984 
21.9772610 
22.0000000 
22.0227155 
22.0464077 
22.0680765 
22.0907220 
22.1133444 

22.1369486 

22.1585198 
22.1810730 
22.2036033 
22.2261108 

OO    OAOROKK 


Ciibe  roota 


7.6769849 
7.6827866 
7.5885793 
7.5943633 
7.6001385 

7.6059049 
7.6116626 
7.6174116 
7.6231519 
7.6288837 
7.6346067 
7.6403213 
7.6460272 
7.6517247 
7.6674138 

7.6630943 
7.6687666 
7.6744303 
7.6800857 
7.6857328 
7.6013717 
7.6070023 
7.7026246 
7.7082388 
7.7138448 

7.7104426 
7.7250325 
7.7306141 
7.7361877 
7.7417532 
7.7473100 
7.7528606 
7.7584023 
7.7639361 
7.7604620 

7.7740801 
7.7804904 
7.7850028 
7.7014875 
7.7060745 
7.8024538 
7.8070254 
7.8133892 
7.8188456 
7.8242042 

7.8207353 
7.8351688 
7.8405040 
7.8460134 
6.8514244 
7.8568281 
7.8622242 
7.8676130 
7.8720044 
7.8783684 

7.8837352 
7.8800046 
7.8044468 
7.8007017 
7.0051204 
7  oirunoo 


RaeiproMd 


.00229885 
.00229357 
.00228833 
.00228310 
.00227700 

.00227272 
.00226767 
.00226244 
.00225733 
.00225226 
.00224719 
.00224216 
.00223713 
.00223214 
.00222717 

.00222222 

.00221729 
.00221238 
.00220750 
.00220264 
.00210780 
.00210298 
.00218818 
.00218340 
.00217864 

.00217301 
.00216019 
.00216450 
.00215082 
.00215517 
.00215053 
.00214502 
.00214132 
.00213675 
.00213210 

.00212766 
.00212314 
.00211864 
.0021141fi 
.0021007C 
.6021052f 
.00210084 
.00200642 
.002002W 
.0020876S 

.0020833] 
.00207001 
.00207461 
.002070a 
.0020661] 
.0020618J 
.0020576; 
.00205331 
.0020401) 
.0020440 

.0020408 

.0020366 

.0020326 

.0020288 

.0020242 
nnooona 


Practical  ArithmeSc 


HO. 

S<inra> 

CabM 

Sqlure 
nwta 

W7 

947000 

33793473 

33.3934968 

7.9210994   1 

003012072 

498 

348004 

tasasaai 

22 

3169136 

93640S6 

34MX)I 

34361499 

002004008 

600 

260000 

26000000 

21 

3606798 

9370058 

002000000 

801 

2S100I 

25761601 

22 

3830203 

0422931 

00I996OO8 

tea 

362004 

26606008 

^ 

001092082 

B03 

353000 

4276615 

O0I088O72 

S04 

280M064 

4499443 

9581144 

001984127 

606 

28787625 

472205! 

0633743 

001980198 

soa 

0686271 

001978386 

607 

3S7040 

SOS 

2SS0M 

31096512 

5388553 

97B1122 

0O108BSO4 

60B 

269081 

31872229 

22 

S610283 

0843444 

001964637 

610 

aeoioo 

326S1000 

22 

5831796 

OO  990784 

Sll 

261121 

33432831 

6033091 

00  956947 

3S2144 

3421 773S 

22 

8 

613 

35006697 

22 

6495033 

00  949318 

614 

3S796744 

22 

6715681 

0104032 

00  ft4S52S 

615 

6936114 

0155016 

0207794 

617 

187289 

23 

618 

268324 

22 

7606134 

6ie 

3979S359 

7815715 

0362S35 

00  B26782 

^  Sqafe%  Cubes»  Square  Rooti,  Cube  ^Roots  and  Reciprocals 


j 

1  Sqwues 

Cabas 

Sqoaro 
Toots 

Cube  looti 

Reeiproeml 

1  559 

31^181 

17467^870 

23.6481808 

8.2376614 

.001788901 

5» 

313600 

175616O00 

23.6643191 

8.2425706 

'.00178571 

XI       314721 

176558481 

23.6854386 

8.2474740 

.00178253 

9B2      3l5&i4 

177504328 

23.7065392 

8.2523715 

.00177935! 

IrA      316060 

178453547 

23.7276210 

8.2572633 

.001776191 

i64       318096 

1704O6144 

23.7486842 

8.2621492 

.0017730» 

«5/    319225 

1S0362125 

23.7697286 

8.2670294 

.00176991: 

556 

32035e 

181321406 

23.7907545 

8.2719039 

.00176678 

ss: 

321 489 

182284263 

23.8117618 

8.2767726 

.00176366^ 

sm 

322624 

183250432 

23.8327506 

8.2816355 

.00176056; 

m 

323761 

184220000 

23.8537209 

8.2864928 

.001757461 

ro 

324000 

185103O00 

23.8746728 

8.2918444 

.00175438< 

571 

326041 

186160411 

23.8956063 

8.2961903 

.00175131; 

572 

327184 

187149248 

23.9165215 

8.3010304 

.00174825: 

571 

32S329 

188132517 

23.9374184 

8.3058651 

.00174520 

574 

329476 

189119224 

23.9582971 

8.3106941 

.001742164 

^ 

330625 

10O1O9375 

23.9791576 

8.3155175 

.00173913( 

5?6 

331776 

191102976 

24.0000000 

8.3203353 

.00173611 

577 

3329-29 

192100033 

24.0208243 

8.3251475 

.00173310: 

575 

334084 

19310O552 

24.0416306 

8.3299542 

.0017301a 

579 

335241 

194104530 

24.0624188 

8.3347553 

.001727111 

SW 

336400 

195112000 

24.0831891 

8.3395509 

.00172413J 

5S1 

337561 

196122941 

24.1039416 

8.3443410 

. 001721171 

5S2 

338724 

197137368 

24.1246762 

8.8491256 

.00171821; 

va 

339889 

198155287 

24.1453929 

8.3539047 

.00171526< 

s» 

34ia56 

199176704 

24.1660919 

8.3586784 

.00171232^ 

5S5 

3422?^ 

20O2O1625 

24.1867732 

8.3634466 

.00170940 

5W 

343396 

201 230056 

24.2074369 

8.3682095 

.00170648 

i>7 

344569 

2O2262O03 

24.2280829 

8.3729668 
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Practical  Arilhinetic 


No. 

093 
994 
995 
996 
997 
998 
999 
1000 

1001 
1002 
1003 
1004 
1005 
1006 
1007 
1008 
1009 
1010 

1011 
1012 
1013 
1014 
1015 
1016 
1017 
1018 
1019 
1020 

1021 
1022 
1023 
1024 
1025 
1026 
1027 
1028 
1029 
1030 

1031 
1032 
1033 
1034 
1035 
1036 
1037 
1038 
1039 
1040 

1041 
1042 
1043 
1044 
1045 
1046 
1047 
1048 
1049 
1050 

1051 
1052 
1053 
1054 


Squaros 


986049 
988036 
990025 
992016 
994009 
996004 
998001 
1000000 

1002001 
1004004 
1006009 
1008016 
1010025 
1012036 
1014049 
1016064 
1018081 
1020100 

1022121 
1024144 
1026169 
1028196 
1030225 
1032256 
1034289 
1036324 
1038361 
1040400 

1042441 
1044484 
1046529 
1048576 
1050625 
1052676 
1054729 
1056784 
1058841 
1060900 

1062961 
1085024 
1067089 
1069156 
1071225 
1073296 
1075369 
1077444 
1079521 
1081600 

1083681 
1085764 
1087849 
1089936 
1002025 
1094116 
1096209 
1098304 
1100401 
1102500 

1104601 
1106704 
1108809 
1110916 


Cubes 


979146657 
982107784 
985074875 
988047936 
991026973 
994011992 
997002999 
1000000000 

003003001 
006012008 
009027027 
012048064 
015075125 
018108216 
02U47343 
024192512 
027243729 
030301000 

033364331 
036433728 
039509197 
042590744 
045678375 
048772096 
051871913 
054977832 
058089859 
061208000 

064332261 
067462648 
070599167 
073741824 
076890625 
080045576 
083206683 
086373952 
089547389 
092727000 

095912791 
099104768 
102302937 
105507304 
108717875 
111934656 
115157653 
118386872 
121622319 
124864000 

128111921 
131366088 
134626507 
137893184 
141166125 
144445336 
147730823 
151082592 
154330649 
157625000 

160935651 
164252608 
167575877 
17(^905464 


Square 
coots 


31.5119025 
31.5277655 
31.5436206 
31.5594677 
31.5753068 
31.5911380 
31.6069613 
31.6227766 

31.6385840 
31.6543836 
31.6701752 
31.6859590 
31.7017349 
31.7175030 
31.7332633 
31.7490157 
31.7647603 
31.7804972 

31.7962262 
31.8119474 
31.8276609 
31.8433666 
31.8590646 
31.8747549 
31.8904374 
31.9061123 
31.9217794 
31.9374388 

31.9530906 
31.9687347 
31.9843712 
32.0000000 
32.0156212 
32.0312348 
32.0468407 
32.0624391 
32.0780298 
32.0936131 

32.1091887 
32.1247568 
32.1403173 
32.1558704 
32.1714159 
32.1869539 
32.2024844 
32.2180074 
32.2335229 
32.2490310 

32.2645316 
32.2800248 
32.2955105 
32.3109888 
32.3264598 
32.3419283 
32.8573794 
32.8728281 
32.8882695 
32.4087035 

32.4191301 
32.4345405 
32.4499615 
32.4653662 


Cuba  vooU 


9.9766120 
9.9799599 
9.9833055 
9.9866488 
9.9899900 
9.9933289 
9.9966656 
10.0000000 

10.0033322 
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10.0859262 
10.0892019 
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10.1120726 
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10.1768539 


.00100 
.OOIOQ 
.00100 
.OOIOQ 
.00100 
.00100 
.00100 
.OOIOQ 

.00O99 

.oooog 

.00000 
•  UOCJvv 
.00009 

.ooooo 

.00000 

.ooooo 

.UUUvv 
.OOOoV 

.00006 
.00008 
.00006 
.00000 
.00006 
.00006 
.00008 
.00008 
.00008 
.00008 

.00097 
.00007 
.00097 
.00007 
.00097 
.00007 
.00007 
.00007 
.00097 
.00007) 

.00090 
.000901 

.0009a 
.ooooi 

.000061 
.OOOOOi 


.00096J 


.000001 
.000081 
.000951 
.000053 

.oooofii 

.00005( 
.000051 
.000054 
.000051 

.000051 

.000051 
.000056 

.000048 


i 


>fauam«<  length 


-  i9Siache*-       i6M  feet 

[  ~    7  93«  iDcba  •    6Go    feet  —  aio  yaidl 

—  ftj  360 inches-  5  iSo    feeti- t  Ttoyudc- Jiorod* 


\ 

1 

.« 

MS68 

4  of  a 

GuNm's  Chain 

1                        7.9*  todies  -  I  link 

too       Hnks     -ichafa>-4ro<k-«(Mt 

80       dulm  -imile 

6bet-i{«thom         iiofatluHiu-icble'llength 

■Uii  BiMvns  jncoMS  hstmvbv  in  imcubw  k  ■  'h< 

I'l' 

hl-^l^ 

5 

s 

T 

s 

B 

10 

11 

.Ii87 

.2600 

.3333 

41^7 

ion 

SSSI 

MS? 

7J00 

gjjS 

sis 

isi^ 

.tOBS 

.UM 

:41M 

SOIS 

»8« 

eesi 

7SM 

.1710 

.2U2 

.33S9 

.4210 

m 

SSBS 

8719 

7Mr 

9119 

.174 

.2878 

.3411 

.434C 

B«Hl'n>» 

.2eoi 

.5438 

.4271 

m 

sew 

7aw 

.8488 

9271 

'.ITT. 

.2030 

.3404 

.4297 

lao 

E»M 

«7«7 

7610 

.S4M 

9297 

^f:a£ 

.3060 

.3400 

4313 

S»0 

«33 

7«iS 

.8490 

JM 

3S16 

.43W 

183 

»10 

M» 

7683 

.StlS 

9149 

UTS 

.2708 

3642 

.4S7S 

ms 

SMS 

esn 

7T0B 

.8S43 

9SIS 

am  jra 

.IMn 

SMS 

.4401 

2» 

«0«g 

BWl 

77M 

jam 

bhCmm 

.192; 

!37fIO 

SfiH 

.4427 

IW 

MH 

S937 

nso 

.8«9t 

27M 

xeao 

.44U 

SIM 

B9S3 

7TSS 

.8120 

MU 

iiw.inv 

JSIS 

3040 

Slit 

S14S 

em 

ran 

J84S 

«> 

ItR  JOOE 

.3S3S 

:4NI6 

sot 

.sm 

TOSS 

7B» 

JS71 

m 

ins'nii 

.28SS 

.4131 

SM 

SIM 

ini 

T6SS 

jsoe 

m 

UU 

aOS7 

J80I 

.46B7 

.591 

sm 

78S7 

.8734 

96S7 

MI- 

an 

jon 

.2917 

a    M> 

.4583 

JkiT 

sno 

7081 

7917 

.87110 

HS 

im 

iuS 

Jm3 

3      -0 

.4«M 

JH41 

noB 

7941 

.8778 

M 

im 

31» 

.2M9 

a    0 

.4ms 

MK 

TIM 

7B9> 

JS02 

J    « 

.4001 

sm 

T1S1 

7««t 

.8338 

01  -iui 

iin 

1(Si 

3      •4 

.4a88 

U21 

7188 

.8884 

W.um 

«M7 

1      10 

.4714 

an 

TI14 

8047 

8880 

0714 

J»0 

3073 

1      M 

an 

SMS 

7240 

80T3 

.8906 

S" 

.aM 

.MM 

3    a 

:47M 

uaa 

73M 

9766 

a    « 

.47M 

sta 

S4U 

7392 

SIIS 

.SSES 

9792 

MM 

3    4 

.4813 

J«i 

S4g1 

TUS 

.8161 

.8984 

9818 

HwrnJiB 

Is 

4      0 

.4S44 

7144 

.9010 

9844 

■PnituK 

4      « 

,4870 

.sm 

7170 

8391 

.9018 

9870 

^ 

.«» 

4      i3 

.48»e 

.»T» 

TIM 

.snt 

.9063 

9<I»S 

4      « 

STSS 

74as 

82SS 

.9089 

99» 

Wmm 

4       B 

:4fl*a 

.8781 

sen 

TMK 

8»l 

.91IS 

904* 

imSSfl 

4      II 

.4974 

.S«,7 

(Ml 

7474 

8107 

,9141 

9974 

■7 

- 

1 

.  1 

* 

~r 

. 

~r 

8 

^ 

IT 

11 

». 


and  M«Maf«8 


T)min$  B««ifl4fBta!f«r  VTMllPM  ^  u  lack 
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17 
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Decimals 


0.015625 
0.03125 
0.046875 
0.0625 

0.078125 
4MM75. 
0.109375 
0.125 

0.140625 
0.15625 
0.171875 
0.1875 

0.203125 
0.81875 
0.234375 
0.25 

0.265625 
0.28125 
0.296875 
0.3125 

0.328125 
0.34875 
0.359375 
0.875 

0.390625 
0.40625 
0.421875 
0.4375 

0.453125 
0.46875 
0.484375 
0.5 
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Decimals 


0.515025 
0.53125 
0.546875 
0.5625 

0.578125 

0.600375 
0.625 

0.640625 
0.65625 
0.671875 
0.6875 

0.703125 
0.71875 
0.734375 
0.75 

0.765625 
0.78125 
0.796875 
0.8125 

0.828125 
0.84875 
0.859375 
0.875 

0.890625 
0.9Q625 
0.921875 
0.9375 

0.953125 
0.96875 
0.984375 
1. 


nautical  Meaaurea 

A  nautical  or  sea-mile  Is  the  length  of  a  minute  of  longitude  of  the  eai 
he  equator  at  the  level  of  the  sea.  It  is  assumed  that  6086.07  ft  ■■  x.ij 
;tatute  or  land-miles  by  the  United.States  Coast  Survey. 

3  nautical  miles  >  i  league 


Miacellaneooa  Maaauraa 


I  palm  «  3  inches 
X  hand  -  4  inches 


X  span 
z  meter 


*  9  inches 
-  3-3809  feet 


^  Sor&oe,  Volume  and  Cubic  liieasans  ^ 

I     144  sinBre  indies  •■  i  square  foot 

i       9  iqiBre  feet      '»  i  square  yard  *  i  296  square  inches 

\    KO  sqoate  feet       «  z  square  (architects'  measure) 

Land  Measukb 


ptk  iQBiie  yards  *  i  square  rod 

piViaie  rods  «  z  sqoaie  rood  ■>  i  szo  square  yards 

4  a^nue  roods    )  »  z  acre  «  4  840  square  yards 

|»iqafe chains   (  »  z6o  square  rods 

IpaoB  «  z  square  mile  «  3  097  600  square  yards  ■>  ^ 

Iftioosqarerods  —  3  560  square  roods  ) 

^71  feet  sqoare  -*  z  acre  -  435^0  square  feet 

Kuw  oC  land  is  a  square  aule,  and  a  ^VJomab^xcnoH  is  z6o  acres 

Mtaturea  of  Volume 

I 

\lMm,  ISqaad  mcasorc*  23  z  cubic  inches,  and  ooatains  8.339  avoirdupois 

^«l  dblflied  water  at  39-8''  F.,  or  58  333  grains 

Nbic  foot  contains  7^  liquid  0[dlons»  or  6.428  dry  gallons 

ploir  dty  measure  *  268.8  cubic  inches 

Nhd  (MTinchcster)  contains  2 z 50.42  aabic  ftiches,  or  77.627  pounds  dis- 

\mtat  at  39.8*  F. 

haiftd  bushel  contains  2747.7Z5  cubic  inches 

Dry  Measuxe 

ipbts    ■>  X  qpaxt  ■■  67.a  cu|>ic  inches 

iqsuts  *  z  gaDon  *    8  pints  •  268.8  cubic  inches 

ipfloos  *  z  peck     "  z6  pints  ■*   8  quarts  «  537.6  cubic  inches 
I  pecks   -  z  bushel  -  64  pints  «  32  quarts  «  8  gallons 

»  2  z  50^3  cubic  inches 
iCQfd  of  wood  •-  Z28  cubic  feet 

IjQUID  MSASfJBB 

4  giDs      ■■  I  pint       -  z6  fluid  ounces 

3  pints     •  I  quart     «   8  gills  -  32  fluid  ounces 

4  quarts  ■■  x  gallon    »  3a  giUs  •-  8  pints  *  Z98  fluid  ounces 

tk  United  States  and  Great  Britain  z  barrel  of  wine  or  brandy-  3zH 

m,  end  contains  4.2  zz  cubic  feet. 

fc«f****^  ia  63  gallons,  but  this  term  is  often  applied  to  casks  of  various 


Cubic  Measnra 

T738'bibic  inches  -  1  cubic  foof 
37  cubic  feet     *  z  cubic  yard 

■EASCIXNG  WOOD,  a  pile  of  wood  cut  4  feet  long,  piled  4  feet  high,  and  8  feet 

asrauiid,  wH«c  Z28  cubic  feet,  is  called  a  cord. 

cdbk  feet  make  one  cord-foot. 

mci  or  BTOME  is  nominally  16H  feet  long,  x  foot  high  and  iH  feet  thick. 

oataios  349<  culuc  feet. 


28  Welj^ts  and  Measures 

A  perch  of  stone  is,  howei^r,  often  computed  dflSerently  in  different  1 
thus,  in  most  if  not  all  of  the  States  and  Territories  west  of  the  M^j 
stone-masons  figure  rubble  by  the  perch  of  iM  cubic  feet.  In  Phil 
22  cubic  feet  are  called  a  perch.  In  Chicago,  stone  is  measured  by  tb 
loo  cubic  feet. 

A  TON  of  shipping  is  42  cubic  leet  in  Great  Britain  and  40  cubic  fe 
United  States. 

Fluid  Meaaurt 

60  minhns  ->  i  fluid  drachm 

8  fluid  drachms  -•  i  ounce 
xd  ounces  -  i  pint 

8  pints   .  "  I  gallon 

Butt  of  Sherry   *  108  gallons  Puncheon  of  Brandy  «  no  to  Z30 

Pipe  of  Port       -  115  gallons  Puncheon  of  Rum      ^  100  to  no 

Butt  of  Malaga  ■■  105  gallons  Hogshead  of  Brandy  «■    55  to    60 

Puncheon  of  Scotch  Whiskey,  Hogshead  of  Churet    «   46  gallons 
■-  no  to  130  gallans 

Heaanras  of  Waight 

The  standard  avoirdupois  found  is  the  weight  of  27.7015  cubic  fi 
distilled  water  weighed  in  air  at  39.83^  F.,  with  the  barometer  at  3a 
It  contains  7  000  grains.    One  pound  avoirdupois  «  z.2153  potmds  tcoj 

AToirdttpois,  or  Ordinary  Commereial  Waifht 

I  drachm  *  27-343  grains 

z6  drachms  *  i  ounce  (oz) 

x6  ounces  >  i  pound  (lb) 

100  pounds  "■  I  hundredweight  (cwt) 

20  hundredweight  «•  i  ton 

In  collecting  duties  upon  foreign  goods  at  the  United  States  custom- 
and  also  in  freighting  coal  and  selling  it  by  wholesale, 

28  pounds  *  X  quarter 

4  quarters,  or  11  a  poimds  -  i  hundredweight 
20  hundredweight  «  i  long  ton  *  2  240  pounds. 

A  stone  ■■  14  pounds 

A  quintal  ■■  100  pounds 

The  following  measures  are  sanctioned  by  custom  or  law:  i  bushel  * 
cubic  feet  or  iK  cubic  feet,  nearly. 

32  pounds  of  oats  »  i  bushel 
45  pounds  of  Timothy-seed  ■*  x  bushel 

48  pounds  of  barley  «i  i  bushel 

56  pounds  of  rye  *■  i  bushel 

56  pounds  of  Indian  com  -  i  bushd 

50  pounds  of  Indian  meal  »  i  bushel 

60  pounds  of  wheat  ■-  i  bushel 

60  pounds  of  dover-seed  ■>  i  bushel 

60  pounds  of  potatoes  -  i  bushel 
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Ttoy  Wdi^t,  etc.    Weights  of  Cobs  29 

56  pounds  of  butter  *  1  fizkin 

xoo  poimds  of  meal  or  flour  m  i  sack 

xoo  potmris  of  grain  or  flour  *-  z  cental 

zoo  pounds  of  dzy  fish  ■■  z  quintal 

zoo  pounds  of  nails  ■■  z  cask 

Z96  pounds  of  flour  «  i  barrel 

aoo  pounds  of  beef  or  pork  -•  z  barrel 

80  potxnds  of  lime  -^  z  bushel 

Troy  Weight 

Used  m  Weicbino  Gold  or  Silver 

24  grains  •  z  peioqrweigiit  (pwt) 

JO  peaqywcigfata  ■>  z  ounce  (oa) 

za  omiccs  » z  pound  (Bb) 


CHAT  of  the  jciwJiiB,  for  pfedous  stones,  i%  in  the  United  States,  5>.2 
k  bet  it  varies  according  to  different  authorities.  In  London,  3.Z7  grains, 
n.  3-z8  grains  are  divided  into  4  jewelers'  grains,  llie  international 
:h  3.168  grains  or  300  milligrams.  In  troy,  apothecaries'  and  avoirdupoia 
lis  the  grain  is  the  same,  z  pound  troy  being  equal  to  0.82286  pound 


Apofhactfiet'  Weight 

CSD  IX  CoifPOITliIDtNG  MeOICINCS  AND  IN  PtrTTmO  Vp  MEDICAL 

PSESCKIPnONS 

MgiaiDs  (gr)  ■•  z  scruple  (3)  8  drachms  «  z  ounce  (oz) 

3  acroplea     «■  z  drachm  (5)  za  ounces    m  i  pound  (lb) 

ICouwM  of  Valtto 

Uniied  States  Siahdako 

xo  milfa  ■■  z  cent  zo  dimes   ■■  z  dollar 

zo  cents  —  z  dime  zo  dollars  «  z  eagle 

KfUKUKD  of  sold  and  aQver  is  900  parts  of  pure  metal  and  100  of  alloy 

■0  puts  of  coin. 

kBRSXESS  taprejses  the  quantity  of  pure  metal  in  x  000  parts. 

eiZHEDY  or  IBS  Mizrr  is  the  allowance  for  deviation  from  the  exact  stand- 

maat  and  wcigiit  of  coins. 

Woighti  of  Coins 

Dool^  eagle  i>  5x6      troy  grains 

«  2  j8      troy  grains 


Dollar  (gold)  «   a5«8   troy  grains 

Dollar  (silver)  ■  4x2.5    troy  grains 

Hatf-doOar  ■•  192      troy  grains 

5-^nt  piece  (nickel)  «  77.16  troy  grains 
3<cnt  piece  (nickel)  »  30  troy  grains 
Cent  (btonse)  «   48      troy  grains 


do  Wdgfcl^  Ufd  Measum 

of 


60  seconds  •■  x  minute  365  days  ■■  i  oonimon  year 

60  minutes  —  z  hour  366  days  «  i  leap-year 

24  hours      —  X  day 

A  SOLAR  DAY  is  measured  by  the  rotation  of  the  earth  upon  its  axis,  witli 
to  the  sun. 

In  ASTRONOMICAL  cOMnTTATiONS  and  in  NAUTICAL  TIKE  the  day  ooznxiM 
noon,  and  in  the  former  it  is  counted  throughout  the  24  hours. 

In  CIVIL  COMPUTATIONS  the  day  commences  at  midnight,  and  is  divid 
two  parts  of  X2  hours  each. 

A  SOLAR  YEAR  is  the  time  in  which  the  earth  makes  one  revolution  aroi 
sun.  Its  average  thxie,  odfed  the  mean  solar  year,  Is  365  days,  s 
48  minutes  and  49.7  seconds,  or  nearly  365M  days. 

A  mean  lunar  MONTH,  or  LX7NATI0N  of  the  moon,  fe  29  days,  1 2  hours,  ^ 
utes^  2  seconds  and  5.24  thirds.    It  is  equal,  on  the  average,  to  39.53  daj 

The  Calendar,  Old  and  New  Style 

The  JuuAN  Calendar  was  established  by  Julius  Cesar,  44  B.C.,  and  b3 
day  was  inserted  in  every  fourth  year.  This  was  the  same  thing  as  aa 
that  the  length  of  the  solar  year  was  365  days  and  6  hours,  instead  of  tli 
given  above,  thus  introducing  an  accumulative  error  of  11  minutes  ajid 
onds  every  year.  This  calendar  was  adopted  by  the  church  in  325  aj>.. 
Council  of  Nice.  In  the  year  1582  the  annual  error  of  i  x  minutes  and  x  3  s 
had  amounted  to  xo  days,  which,  by  order  of  Pope  Gregory  XIII,  was  supi 
in  the  calendar,  and  the  5th  of  October  reckoned  as  the  15th.  To  prev< 
repetition  of  this  error,  it  was  decided  to  leave  out  three  of  the  inserte 
every  400  years,  and  to  make  this  omission  in  the  years  which  are  not  i 
divisible  by  400.  Thus,  of  the  years  1700,  x8oo,  X900  and  2000,  all  of 
are  leap-yors  according  to  the  Julian  Calendar,  only  the  last  is  a -lea 
according  td  the  Reformed  or  Gregorian  Calendar.  This  Reformed  Ca 
was  not  adopted  by  England  until  1752,  when  il  days  were  omitted  frc 
calendar.  The  two  calendars  are  now  often  called  the  Old  Style  and  tb 
Style.  The  latter  style  is  now  adopted  in  every  Christian  country 
Russia. 

Circular  and  Angular  Measures 

Used  for  Measuring  Angles  and  Arcs,  and  for  Dbtermznimo  L 

TUDE  AND  Longitude 

60  seconds  (")  »  i  minute  O 

6c  minutes       ■■  i  degree  (*) 

360  degrees        *  x  circumference  (C) 

The  second  is  usually  subdivided  into  tenths  and  hundredths. 
A  MINUTE  of  the  circumference  of  the  earth  is  a  geographical  mile. 
The  degrees  of  the  earth's  circumference  on  a  meridian  average  69.  xC 
mon  miles. 

The  Metric  System 

The  METRIC  SYSTEM  is  a  system  of  weights  and  measures  based  upon  1 
called  a  meter. 

The  meter  was  intended  to  be  one  ten-millionth  part  of  the  distance  fici 
equator  to  either  pole,  measured  on  the  earth's  surface  at  the  level  of  the  sc 


The  Metric  SysUnr  SI 

tmuaa  of  derived  mcCric  denoiiiiiati>iis  Are  fanned  by  pcefiang  to  the 
vdtktVBmmty  unit ol  memue: 

IfiOi,  a  tbouaandth  Hecto^  one  hundted 

Cend.  a  hundredth  Kilo^  a  thousand 

Ded,  a  tenth  Myria,  ten  thousand 


first  adopted  by  France,  has  been  eztensivdy  adopted  by  other 
|bh»  and  is  much  used  in  the  sciences  and  the  arts.  It  was  legalised  in 
iy  OM^resB  to  be  used  in  the  United  States,  and  is  already  employed  by 
Caist  SuTcy,  and,  to  tome  extent,  by  the  Mint  and  the  General  Poat- 


b  the  primary  unit  of  lengths. 

xo  inifliHiHris  (mm)  <-  i  oentimeter  (cm)  ■■  0.3937  inch 

10  rmfimrtriB  ■■  i  decimeter  (dm)  «  3.937  inches 

10  decimeters  ■■  i  meter  (m)  «  39*37  inches 

10  meters  ■■  r  decameter  ■-  393.37  inches 

xo  decameters  *  x  hectometer  -^  328  feet  i  inch 

ro  hectometers  «-  i  kiloketer  (km)  -  0.62137  mile 

10  kilometers  *  i  myriameter  >■  6.2x37  miles 


l^ia  BDcki 


is  used  in  ordinary  measurements;   the  centiiceter,  or  inixi- 
ia  wrkoBing  very  small  distances;   and  the  kilometer,  for  roads  01 


19  about  H  of  an  inch;  a  meter  b  about  3  feet  3H  inches;  a 
isabovt  200  rods*  or  H  of  a  mile.    (See  page  33.) 


I  Measures  of  Surface 

piQvrais  MBTCK  is  the  primary  unit  of  ordinary  surfaces. 

^  iML,  a  sqjiarc^  each  of  whose  sides  b  ten  meters,  b  the  unit  of  land 


eiqmre  miffimetefB  (mm*)  -x  square  centimeter  (cm*)  "O.X55  square  incK 

9Mfmn  centimeters  ■>  i  square  dedmeter  >■  X5.5  square  inches 

•  iqaare  decimeters  *-  i  square  meter  (m*)  «  x  550  square  inches,  or  x.196 


Boeatiares»  or  square  meters  -  i  are  (a)  »  1x9.6  square  yards 

SIRS  ""  z  hectare  (ha)       -  3471  acres 


tlCARC  METER,  OT  one  CEKTURB,  b  about  xoH  square  feet,  or  iH  square 
k  md  a  BBCTARS  b  about  2^4  acres. 


CtiUe  M6Miir« 

I 

bcDBx:  METER,  or  STERS,  b  the  primary  unit  of  a  volume. 

BM  cofaic  milKmeten  (oun*)  m  x  cubic  centimeter  (cm*) «  o.o6z  cubic  inch 
M  cubic  cmtioieters  ■•  i  cubic  decimeter  (dat*)  ^  61.022  cubic  inches 
Inodac  decimeters  «  z  cubic  meter  (m*) «  35.314  cubic  feet 

bsnxE  b  the  name  given  to  the  cubic  meter  in  measuring  wood  and  timber. 

bk  of  a  stere  b  a  dbcistcrb,  and  ten  steres  are  a  decastere. 

ionc  MBxnt,  or  rerb,  b  about  xH  cubic  yardst  or  about  2H  cord  feet 
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I4q«id.«a4  Dxy  M«M«r«s 

The  iiTEK  is  the  primary  unit  of  measures  of  capacity,  aod  It  a  cub^ 
whose  edges  is  a  tenth  of  a  meter  in  length. 

The  HECTOUTEai  is  the  unit  ia  measuring  large  quantities  of  grain 
roots  and  liquids. 

lo  miUiliters  (ml)  i-  i  centiliter  (d)  «  0.338  fluid  ovace 

10  centiliters         *-  i  deciliter  *  0*843  liquid  gill 

xo  deciliters  •■  z  liter  (1)  >- 1.0567  liquid  quarts 

10  liters  "■  I  decaliter  «  2.6417  gallons 

10  decaliters  «  z  hectouieii  (hi)  "•  2  bushels,  3.35  pecks 

10  hectoliters         i-  i  kiloliter         '  '  «  28  bushels,  zH  pecks 

A  CENTiLZTES  IS  about  H  of  a  fluid  ounce;  a  liter  is  about  iHa  liquid 
or  ^0  of  a  dry  quart;  a  hectouter  is  about  2^  bushels;  and  a  kxix>: 
one  cubic  meter,  or  stere. 

Wetghts 

The  gram  is  the  primary  unit  of  weights,  and  Is  the  weight  in  a  vacn 
cubic  centimeter  of  distilled  water  at  the  temperature  of  39.2°  F. 

10  milligrams  (mg)  »  i  centigram  (eg)   »       0.1543  troy  grain 
10  centigrams  •"  i  decigram  (dg)     ^       x-543    troy  grains 

zo  decigrams  -  z  gram  (g)  "      Z5.432    troy  grains 

10  grams  »  z  decagram  »       0.3527  avoirdupois  oun 

zo  decagrams  ■-  z  hectogram  —       3*5274  avoirdupois  oxsA 

zo  hectograms         -•  i  kilogram  (kg)  •*       2.2046  avoirdupois  poui 
10  kilograms  i>  z  myriagram         »     22.046    avoirdupois  pou 

zo  myriagrams        ■*  z  quintal  (q)         *   220.46     avoirdupois  pom 
zo  quintals  •*  z  tonneau  (t)      —  2204.6       avotrdupois  pom 

z  kilogram  per  kilometer     —  0.67  z  95  pound  per  z  000  feet 
z  pound  per  thousand  feet  •>  z.4882  kilograms  per  kilometer 
z  kilogram  per  square  millimeter  »  z  423  poimds  per  square  inch 
z  pound  per  square  inch  -■  0.000743  kilogram  per  square  millimeter 

The  GRAM  is  used  in  weighing  gold,  jewels,  letters  and  small  quanti 
things.  The  kilogram,  or,  for  brevity,  kilo,  is  used  by  grocers;  ai 
TONNBAU,  or  metric  TON,  IS  used  in  finding  the  weight  of  very  heavy  artic 

A  GRAM  is  about  15^  grains  troy;  the  kiuo  about  2H  pounds  avoird 
and  the  metric  ton,  about  2  205  pounds. 

A  KILO  is  the  weight  of  a  liter  of  water  at  its  greatest  density;  and  the  1 
TO?^,  of  a  cubic  meter  ol  water. 

Metric  numbers  are  written  with  the  decimal  point  (.)  at  the  right 
figures  denoting  the  unit;  thus  the  expression,  15  meters  3  centimet 
written,  Z5.03  m. 

When  metric  numbers  are  expressed  by  figures,  the  part  of  the  express 
the  left  of  the  decimal  point  is  read  as  the  number  of  the  unit,  and  the  p 
the  right,  if  any,  as  a  number  of  the  lowest  denomination  indicated,  01 
decimal  part  of  the  unit;  thus,  46.525  m  is  read  46  meters  and  525  milliix 
or  46  and  525  thousandths  meters. 

In  writing  and  reading  metric  numbers,  according  as  the  scale  is  zo.  i 
I  000^  each  denomination  should  be  allowed  one,  two  or  three  orders  of  fi] 

Metric  Conversion  Table 

The  following  metric  conversion  table  has  been  compiled  by  C.  W.  I 
and  IB  most  convenient  in  dealing  with  metric  weights  and  measures: 


Metric  Converskm  Table 
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X0J03937 

«sX  0^937 
ktf^seters-^  2.54 

fe«X  39-37 

|etersXi~2Si 
faa5Xxj094 
PODCtcfSX  0.621 
(tewtrrs  -i>  1.6093 
X  3280.7 

X  0.01 55 

+  645.1 
ipire  centimeters  X  0.155 
||Bue  cmtiroeteis  -a-  6.45 1 
HQOse  necers  X  10.764 
l^pre  kjlameters  X  247.1 
factznesx  2.471 
t^  oendmcters  ^  16.383 
yOc  caitiroeters  -i-  3.69 
ji^  oeatimeCers  -••  29.57 
Lsbic  DictefsX  35-315 
i^  meters  X  x.308 
SibiciiKtersX  264.2 
UfenX  61.022 

litnx  33.84 

iiersx  0.2642 
lias  4-  3.7S 
{im-i-  38^16 

IkdaEtcrsx  3-531 
IfatoRteisX  3.84 
llKtG2itersXo.i3X 

hctditenx  26.42 

paasX  is-43i 

EBmsX9Si 

Qnas  («iter)  *  29.57 

fkami-i'  3&35 

Gnnis  per  cubic  centimeter  -*•  27.7 

MtXa7373 
00991115X2.2046 

BopamsX35-3 

Qafiams-i- 1103.3 

QppaiK  per  sq  cm  X  14-223 

KiifniiunetersX  7.233 

BDeruns  per  meter  X  0.672 

XBosrams  per  cubic  meter  X  0.062 

Uoprams  per  cheval-vapeur  X  2.235 

iUmttsX  1.34 

Vitts-i-746 

JmsXa7373 
^tioriex  3.968 
QevaJ-vapcur  X  0.9863 
JCffiti5!adeXx.8)  +  3a 
P"KsXai93 


'  inches 
I  incfaes 

>  inches 

>  inches 

'  inches  (Act  of  Congress) 
feet 
yards 
miles 
miles 
feet 

square  inches 
square  inches 
square  inches 
square  inches 
square  feet 
acres 
acres 

cubic  inches 

fluid  drachms  (U.S.  Pharmacopoeia) 
fluid  ounce.    (U.S.ilpharmacopoeia) 
cubic  feet 
cubic  yards 

gallons  (231  cubic  inches) 
cubic  inches.     (Act  of  Congress) 
fluid  ounces.  (U.  S.  Pharmacopoeia) 
gallons  (231  cubic  inches) 
gallons  (231  cubic  inches) 
cubic  feet 
cubic  feet 

bushels  (2  150.42  cubic  inches) 
cubic  yards 

gallons  (231  cubic  inches) 
grains.    (Act  of  Congress) 
djmes 

fluid  ounces 
ounces  avoirdupois 
pounds  per  cubic  inch 
foot-pounds 
pounds 

ounces  avoirdupois 
tons  (2  000  pounds) 
poimds  per  square  inch 
foot-pounds 
pounds  per  square  foot 
pounds  per  cubic  foot 
pounds  per  horsc-powtr 
horse-power 
horse-power 
foot-pounds  per  second 
British  thermal  units  (B.T.U.) 
horse-power 
degrees  Fahrenheit 
dollars 
980.94  centimeter  per  second 
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Weights  and  Measuxes 


Metric  Conyersion  Tables.  This  and  the  following  table  fr^ 
worth's  Metrical  Tables  will  be  found  of  ffre&t  convenience  in  figi 
to  be  executed  in  Mexico  and  other  countries  using  the  metric  systei 

Feet  Converted  into  Meters 


Feet 

0 

1 

2 

3 

0 
10 

0.304794 
3.35274 

0.609589 
3.65753 

0.914383 
3.96233 

3.047945 

20 

6.005890 

6.40068 

6.7a548 

7.01027 

80 

9.143835 

9.44863 

9.75342 

10.0582 

1 

40 

12.19178 

12.4966 

12.8014 

13.1062 

1 

60 

15.23972 

15.5445 

15.8493 

16.1541 

1 

60 

18.28767 

18.5925 

18.8973 

19.2020 

1 

70 

21.33561 

21.6404 

21.9452 

22  2500 

2 

80 

24.38356 

24.6884 

24.9931 

25.2979 

2! 

90 

27.43150 

27.7363 

28.0411 

28.3459 
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Seriptore  and  Ancient  Measures  and  Weights 


Scripture  Long  Measure! 

Inches 

Feet 

Inc 

Digit 

Palm 
Span 

-  0.912                 Cubit 

-  3.648                Fathom 

-  10.944 

«■  I 
-7 

9.a 

3-5 

Egyptian  Long  Measures 
Nahud  cubit  -  i  foot  5.71  inches  Royal  cubit  •  i  foot  8.66  i 


Digit 

Pous  (foot) 
Cubit 


Grecian  Long  Measures 
Feet        Inches  Feet 

■  0.7554  Stadium  —     604 

- 1        C.0875  Mile  -  4  83s 

- 1         1.5984H 


Jewish  Long  Measures 
Cubit  -r  1.824  feet         Mile  -  7  296  f< 

Sabbath-day's  journey  -  3  648  feet         Day's  journey     -  33.164 1 


Digit 

Uncia  (inch) 
Pes  (foot) 


Feet 

-         1 

4 

-4843 


Arabian  foot 
Babylonian  foot 
Egyptian  finger 


Roman  Long  Measures 
Inches 

072575  Cubit 

0.967  Passus 

11.604  Mille  (millarium) 

Roman  Weight 
Ancient  libbra  —  0.7094  pound 

Miscellaneous 
Feet 

-  1.095  Hebrew  foot 

-  1.140  Hebrew  cubit 

-  0.06145  Hebrew  sacred  cubit 


In 

5- 
la 


I.J 

i.{ 

2.< 


Metnc 


f tet  Cwftfi^^    into 


./. 


IS3»7 

tOM:i 
Q.Tlaft 


1  82&77 
4.87571 

7.tt246ft 
10.972Q 
U  <X20& 

17  oess 

20.  Ue^ 
23.1644 
26.2123 
29.2«K)3 


COontimxed) 


8 


2.X335Q 

2.43836 

&.181&1 

5.48630 

B.22045 

8.53425 

11 -2TT4 

11.5822 

1.4.3253 

14.6801 

17.3733 

17.6781 

20.4212 

20.7260 

23.40d2 

23.7740 

2«.5171 

26.8219 

2d. 5651 

23.8699 

»  X  341. z  centimeters  « 


I>a|pes  e<  conversion  tables  stimku 


I  S875 

3  174d 

4  7«24 

6.3499 

7 

9  S24S 
11.112 

12.700 
14.287 
U.S75 
17.4fS2 

19.0H> 
X.637 


31.74© 

93.337 

34.924 

36.512 

33.009 
3d. 587 
41.274 


23.S12 


I 


44.449 
45.037 
47.524 
49 . 212 


60.799 
52.387 
53  .974 
55.561 

57.149 
58.735 
00.324 
51.911 

63.400 
65.086 
66.674 
68.201 

60.849 
71.436 
73.024 
74.611 


76.199 
77.786 
79.374 
80.961 

82.649 
84.136 
85.723 
87.311 

88.898 
90.486 
92.073 
93.661 

95.248 
96.836 
98.423 
100.01 


101.60 
103.19 
104.77 
106.36 

107.95 
109.54 
111.12 
112.71 

114.30 
115.89 
117.47 
119.06 

120.65 
122.24 
123.82 
125.41 


taftH 

6       ; 

152.40      \ 

^              I- 
177. 80      1 

8 

9 

10 

\ 

208.20 

228.60 

254.00 

Z 

^ 

1».98      \ 

179.38 

204.78 

230.18 

256.58 

2i 

if          1 

155.57       \ 

ISO. 97 

206.37 

231.77 

257.17 

2i 

^        \ 

157.15      \ 

182.56 

207.96 

233.36 

258.76 

2i 

H        ^ 

158.75      \ 

184.15 

209.55 

234.95 

260.35 
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i  \ 

160.33      I 

185.73 

211.13 

236.53 

261.93 

2i 

161.92      \ 

187  .32 

212.72 

238.12 

263.52 

2i 

163.51       \ 

188.01 

214.31 

239.71 

265.11 

2( 

1»  .  lO       \ 

100.50 

215.90 

241.30 

266.70 

2{ 

H. 

165.68       ] 

i         102.08 

217.48 

242.88 

268.28 

2( 

H           \ 

168-27       ' 

[        108.67 

219.07 

244.47 

269.87 

2f 

mt      [ 

160. 8e 

\         105.26 

220.66 

246.06 

271.46 

2( 

% 

171.45 

\        106  85 

222.25 

247.65 

273.05 

2i 

«?*« 

173   03 

\        108.43 

223.83 

249.23 

274.63 

3( 

ft 

174.63 

\        200.02 

225.42 

250.82 

276.22 

3( 

%^ 

176.21 

\       201.61 

227.01 

252.41 

277.81 

3f 

deciinal  point  three  figures  forward, 
s  "■  207.96   milliineters  «  20.796  centimeters 
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Definitions 


1 


A  POINT  is  that  which  has  only  positioQ.  i 

A  PLANE  is  a  surface  in  which,  any  two  points  being  taken,  the  sq 
jomiDS  them  will  be  wholly  in  the  surface. 
A  CUKVED  LINE  IS  a  line  of  which  no  part  is  straight  (Fig.  1). 


Fig.  1.    Curved  Line 


Fig.  2.    PaiaM  Lines 


Fig.  S.    AngU 


Parallel  lines  are  such  as  are  wholly  in  the  same  plane,  and  have 

direction  (Fig.  2). 

A  BROKEN  UNE  IS  a  line  composed  of  a  series  of  dashes;  thus, 

An  ANGLE  is  the  opening  between  two  lines  meeting  at  a  point,  and 

a  RIGHT  ANGLE  when  the  two  lines  are  perpendicular  to  each  other,  ; 

angle  when  it  is  less  or  sharper  than  a  right  angle,  and  an  obtuse  an< 

it  is  greater  than  a  right  angle.    Thus,  in  Fig.  3, 

A  A  A  A  2LTt  acute  angles, 

0  0  0  0  iLTt  obtuse  angles  and  R  R  R  Rure  right  angles. 

Polygons 

A  polygon  is  a  portion  of  a  plane  bounded  by  straight  Unes. 
A  triangle  is  a  polygon  of  three  sides. 

A  SCALENE  triangle  has  none  of  its  sides  equal;  an  isosceles  tria 
two  of  its  sides  equal;  an  equilateral  triangle  has  all  three  of  its  sic 


Fig.  4.    Right-angled  Triangle 


Fig.  5.    Scalene  Triajigle 


Fig.  6.    Isosceles  Triangle 


Fig.  7.    Equilateral  Trial 


A  right-angled  triangle  is  one  which  has  a  right  angle.  The  side 
the  right  angle  is  called  the  hypothen'use;  the  side  on  which  the  ti 
supposed  to  stand  is  called  its  base  and  the  other  side,  its  altitude. 


Polygons 


87 


^pmoATEMAL.  is  a  polygon  of  (oat  aides. 

LfciiteEik  are  divided  into  dassea,  as  follows:  the  trapezium  (Fig.  8). 
Bbs  oo  two  of  its  aides  parallel;  the  tsapezoio  (Fig.  9).  which  has  two  of 
ma  ponBel;  and  the  faxallbuograic  ^Fig.  10),  which  is  bounded  by  two 


^L  Tnpeaum 


Fig.  9.    Trapcsoid 


/ 


7 


Fig.  10.    PazaUdogcam 


[pirdieiagram  whose  sides  are  not  equal  and  whose  angles  are  not  right 
Ibs  olltfi  a  RHOMBOID  (Fig.  11):  when  the  sides  are  all  equal,  but  the 
^iie  not  right  angles,  it  is  called  a  rhoicbus  (Fig.  12) ,  and  when  the  angles 
n^  a&gles,  it  is  called  a  rectangle  (Fig.  13).  A  rectangle,  all  of  whose 
I  an  equU  is  called  a  square  (Fig.  14).  Polygons,  all  of  whose  sides  are 
li  are  called  regular  polygons. 


• 

/  / 

'  / 

Unaboid 

Fig.  12. 
Rhombus 

Fig.  13 
Rectangle 

Fig.  14. 
Squaro 

biles  the  square  and  equilateral  triangles,  there  are:  the  pentagon  (Fig.  15), 
fthas  ave  sides;  the  hexagon  (Fig.  16),  which  has  six  sides;  the  heptagon 
i  17;,  vfakh  has  seven  ades;  and  the  octagon  (Fig.  IS),  which  has  eight 

a 


F4.15. 


Fig.  16. 
HezBgOQ 


Fig.  17. 
Heptagon 


Fig.  18. 
Octagon 


Hkeskeagon  or  nonagok  has  nine  sides;  the  decagon  has  ten  sides;  and 

VQCCAOOM  has  twelve  sides. 

far  afl  polygons,  the  side  upon  which  it  is  supposed  to  stand  is  called  its 

I;  the  perpendicular  distance  from  the  highest  side  or  angle  to  the  base 

Acged,  if  necessary)  is  called  the  altitude;   and  a  line  joining  any  two 

lesot  adjacent  is  called  a  diagonal. 

Ipuueter  is  tlie  bounding  line  of  a  plane  figure. 

itacLB.  is  a  portion  of  a  plane  bounded  by  a  curve,  all  the  points  of  which 

Mqpi£stant  from  a  point  within,  called  the  center  (Fig.  19). 

fk  cmcmPERENCE  is  the  curve  whidi  bounds  the  circle. 

tMUS  b  any  straight  line  drawn  from  the  center  to  the  circumference, 
stn^ht  fine  drawn  through  the  center  to  the  circumference  on  each  side 

Bfcd  a  DIAMETER. 


IS  Geometry  and  Mensumtion 

Ad  ak  d  t  drde  it  tay  part  of  it 


A  CHOKD  u  any  stnU^t  line 
ptHcta  of  the  drcuznlerencei  as 

A  SEGHCNT  u  a  portion  of 
{□eluded  between  the  an:  and  ii 
A.  Fig.  19.  . 

I  is  the  space  included  | 


and   t 


'   to  1 


.,  according  ax  Its  ends  ■ 

Is  a  rectangular  prism  all  of  whose  sides  are  squares. 

volume  of  uniform  diameter,  bounded  by  a  curved 
l1  and  opposite  parallel  circles. 

I  is  a  volume  whose  base  is  a  polygon  and  wbose  sides  are  ti 
point  called  Che  VERiof.     A  pyramid  is  triangular,  quadra 
IS  its  base  is  a  triangle,  quadrilateral,  etc. 
A  CONS  is  a  volume  wbose  base 
is  a  drcle,  from  which  the  remain- 
ing surface  tapers  uniformly  lo  a 
p(Nntorvertei(Fig.  20). 

A  come  SECTION  is  the  plane 
figure  made  by  a  plane  cutting  a 

An  IUJ7SE  is  the  section  of  a 


cone  cut  by  a  plane  parallel  to  it> 


CODI 


le  of  the  cc 


Sectio 

iking  a  greatei 

the  lm.gr 


with  the  base  than  that  made  by  the  si i 

In  the  Mjee,  the  transverse  axis,  i 
tliat  can  be  drawn  in  It  The  conjuc^i 
drawn  through  the  center  at  right-angles  to  the  long  diameter. 

A  rausTDu  or  a  pyramid  or  cone  is  that  which  remains  after  cutting 
upper  part  of  it  by  a  plane  parallel  to  the  base. 

A  SPHEiE  is  a  volume  bounded  by  a  curved  surface,  all  points  of  whi 
equidistant  fro.n  a  point  within,  called  the  center. 

Henauratioii  treats  of  the  measurement  of  lines,  surfaces  and  voIuqi 

Ta  compota  ttw  araa  of  a  aqnars,  a  rKtantle,  a  rhombui  or  ■  ilHNnlxrfd. 
Kiile.     Multiply  the  length  by  the  breadtli  or  beight.    Thva,  in  Figs. 


Mensuratioii'Rules 


9Q 


1nt-TL   Sqaare 


Fig.  28.    Rectan^ 


Fig.  24.    ParaUelogram 


■  wmpiilr  tte  area  ci  a  triangle. 

\tL  Multiply  the  base  by  th«  altitude  and  divide  by  2.    Thus,  in  Fig.  25, 
oliXcd 


M  fke  length  of  the  hypothenvse  of  a  right-angled  triangle  when  bodi 


|l^  Square  the  length  of  each  of  the  sides  making  the  right  angle,  add 
K  limes  toeether  and  take  the  square  root  of  their  sum.  Thus  (Fig.  26), 
kigthof  «(  -  3,  and  o(  bc»  4;  then 


or    ab 


25  -  S.    or    ao  -  5 

Iftii  Ite  ioBglfa  of  die  base  or  altitude  of  a  right-angled  triangle  when 
!■«&  of  the  hrpodionuse  and  one  tide  ia  known. 

Ife   From  the  square  of  the  length  of  the  hypothenuse  subtract  the  square 
hekagth  of  the  other  side  and  take  the  square  root  of  the  remainder. 

I  iid  the  czca  of  a  trapedum  (Fig.  S7). 

C 


Fig.  26. 
Right-angled  Triangle 


Ml    Multiply  the  diagonal  by  the  sum  of  the  two  perpendiculars  falling 
lit  from  the  opposite  angles  and  divide  the  product  by  2.    Thus, 


abX{ce-^di) 


"■area 


»ted  the  area  of  a  trapecoid  (Fig.  a8). 

db   Multifdy  the  sum  of  the  two  parallel  sides  by  the  perpendicular  dis- 
c  between  them  and  divide  the  luxxluct  by  2. 

tCNUifulo  the  area  of  an  irregular  polygon. 

ie.    Divide  the  polygon  into  triangles  by  means  of  diagonal  lines  and  then 
iQptfarr  the  areas  of  all  the  triangles,  aaA^B  and  C  (Fig.  29). 
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To  And  the  area  of  a  recnUr  pdlygon. 

Rule.    Multiply  the  length  of  a  side  by  the  perpendicular  distance 
center  Tas  ao.  Fig.  30),  miUtiply  that  product  by  the  number  of  sides  and 
the  result  by  2. 


a 

-r~ 


/ 


Fig.  28.    Trapezoid       Fig.  29.    Irregular  Polygon    Fig.  30.    Regular  Poly 

To  comimte  the  area  of  a  regular  polygon  when  the  length,  only,  of 
is  giren. 

Rule.    Multiply  the  square  of  the  side  by  the  multiplier  opposite  the  m 
the  polygon  in  column  A  of  the  following  table: 

Table  of  Factors  for  Detennining  the  Etements  of  Polygons 


f — 

Name  of  polygon 

Number 
of  sides 

A 

Factor  for 
area 

B 

Factor  for 
radius  of 
circum- 
scribing 
circle 

C 

Faetor  for 
length  of 
the  sides 

I 

Facu 

radii 

ineer 

cin 

Triangle 

3 
4 
5 
6 
7 
8 

0.433013 
1 

1.720477 

0.5773 
0.7071 
0.8506 

1.732 

1.4142 

1.1756 

1 

0.8677 

0.7653 

0.684 

0.618 

0.5634 

0.5176 

0.2 

Tetragon 

0.5 

Pentagon 

0.6i 

Hexagon 

2.598076           1 

0  » 

Hentaaon 

3.633912 
4 .82?i427 

1.1524 

1.3066 

1 .4619 

1.618 

1.7747 

1.9319 

1  a 

Octagon 

i/^ 

Nonagon , 

9        ■    6.181824 
10             7  6M20Q 

J. 3 

Decagon 

1.& 

Undcwagon 

11 
12 

9  36564 
11.196152 

1  71 

Dodecagon 

1  & 

To  compute  the  radius  of  a  circle  circumscribed  about  a  regular  polygon 
the  length,  only,  of  a  side  Is  given. 

Rule.    Multiply  the  length  of  a  side  of  the  polygon  by  the  number  In  o 
B  of  table. 

Example.    What  is  the  radius  of  a  circle  that  will  contain  a  hexaga 
length  of  one  side  being  5  in? 

Solution.     5  X  I  =  5  in. 

To  compute  the  length  of  a  side  of  a  regular  polygon  inscribed  in  a 
drde,  when  the  radius  of  the  circle  is  giyen. 

Ride.    Multiply  the  radius  of  the  circle  by  the  number  opposite  the  na 
the  polygon  in  column  C  of  table. 

Example.    What  is  the  length  of  the  side  of  a  pentagon  contained  in  a 
g  ft  in  diameter? 

Solution.    8  ft  diameter  -5-  2  =  4  ft  radius;  4  X  1.1756  -  4.7024  ft- 
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fcciBpal*  tiw  lengOt  of  a  sido  of  a  recuUr  polysoo.  when  the  radius  of  the 

^AaJ     it.   il,      S_  * 

■Ma  CBCie  la  (treiia 

Ml   Diride  the  radius  of  the  inscribed  circle  by  the  number  opposite  the 
pef  the  polygon  in  column  D  of  table. 

^  cMvate  the  radma  of  a  cirde  diat  can  be  inscribed  in  a  given  regidar 
jlps,  when  tha  lengtfi  of  a  side  is  ipveo. 

Irie.   Mnltiply  the  length  of  a  side  of  the  polygon  by  the  nimiber  oppoate 
riuBe  <^  the  polygon  in  column  D. 

iBBfle.    Vihat  is  the  radius  of  the  circle  that  can  be  inscribed  in  an  octagon, 
eie^th  <tf  one  side  being  6  in  ? 
6x  1.2071  —  7.2426  in. 


Circles 

■lompale  die  drconifcrence  of  a  circle. 

Uc  Multiply. (he  diameter  by  3. 141 6.  For  many  purposes,  the  multiplier 
19ns  saffidently  accurate  residts. 

.    What  is  the  circumference  of  a  circle  7  in  in  diameter? 

7X  3-1416  "  21.9912  in,  or  7  X  3H  ■■  22  in,  the  error  in  this  last 

m  bemg  0.00S8  in. 

b  fisi  the  diameter  of  a  circle  when  the  circumference  is  given. 

Iric  Divide  the  circumference  by  3. 14 16,  or  for  a  very  close  approximate 
Irit,  mnbiply  by  7  and  divide  by  22. 

biod  the  radius  of  an  arc  when  the  chord  and  rise  or  versed  sine  are  given. 

■rie.   Square  one -half  the  chord  and  the  rise; 

ode  the  sum  of  these  squares  by  twice  the  rise;  the  ^ 

Ul  vffl  be  ths  radius. 

fanqrie.    The  Icngt-h  of  the  chord  ac,  Fig.  31,  is  48 
,ad  thu  lise,  fo,  is  6  in.    What  is  the  radius  of  the 

^  Fig.    31.     Circular    Arc, 

t^.        o    ,.  <H^-{-bo*       24«+6*  .  Chord  and  Rise 

MitiHa.    Radius  —  ■ ; ■» ■•  51  m 

2bo  12 

b  U  Che  rise  or  versed  sine  of  a  circular  arc,  when  the  chord  and  radios 
types. 

Irie.  Square  the  radius;  also  square  one-half  the  chord;  subtract  the 
Itr  fnm.  the  former  and  take  the  square  root  of  the  remainder.  Subtract 
tfesak  fiom  the  radius  and  the  remainder  will  be  the  rise. 

iBBpie.    A  given  arc  has  a  radius  of  51  in  and  a  chord  of  48  in.    What  is 

Nmiiu.    Rise  -  radius  —  V^radius*  -  }i  chord*  "Si  —  V2  601  -  576  =»  51  —  45 

■•  6  in  «■  rise 

b  coapate  the  area  of  a.  circle. 

^L  Muitxpiy  the  square  of  the  diameter  by  0.7S54,  or  multiply  the  square 
pbiidiiisof  3.1416. 

lyle.    What  is  the  area  of  a  cirde  xo  in  in  diameter? 

10  X  10  X  0.7854  «  78.54  sq  in,  or  5  X  5  X  3-1416  -  78.54  sq  in. 

i  Tables  ol  Areas  and  drcumferences  of  Circles 

fk  ioQowing  tables  will  be  found  very  convenient  for  finding  the  drcumi 
Bos  and  areas  of  circles. 
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Areas  and  Clrcttiuferences  of  Circles 

For  diameterB  from  Ho  to  xoo,  advancing  by  tenths 


Dia. 
0.0 

Area 

Circum. 

Dia.| 

1 

5.0 

Area 

Qrcum. 

Dia. 
10.0 

Area 

Cirvsu 

19.6350 

15.7080 

78.5398 

31.41 

.1 

0.007854 

0.31416 

.1 

20.4282 

16.0221 

.1 

80.1185 

31.73 

.2 

0.031416 

0.62832 

.2 

21.2372 

16.3363 

.2 

81.7128 

32.04 

.3 

O.070C86 

0.94248 

.3 

22.0618 

16.6504 

.3 

83.3229 

32.3J5 

.4 

0.12566 

1.2566 

.4 

22.9022 

16.9646 

.4 

84.9487 

32.67 

.5 

0.19635 

1.5708 

.5 

23.7583 

17.2788 

.5 

86.5901 

32.08 

.6 

0.28274 

1.SS50 

.6 

24.6301 

17.5929 

.6 

88.2473 

33.30 

.7 

0.38485 

2.1901 

.7 

25.5176 

17.9071 

.7 

89.9202 

33.61 

.8 

0.50266 

2.5133 

.8 

26.4208 

18.2212 

.8 

91.6088 

33.92 

.9 

0.63617 

2.8274 

.0 

27.3397 

18.6354 

.9 

93.3132 

Zi.?A 

1.0 

0.7So4 

3.1416 

6.0 

28.2743 

18.8490 

U.O 

95.0332 

34 .56 

.1 

0.9503 

3.4558 

.1 

29.2247 

19.1637 

.1 

96.7689 

34.87 

.2 

1.1310 

3.7699 

.2 

30.1907 

19.-1779 

.2 

98.5203 

35.18 

.3 

1.3273 

4.0S41 

.3 

31  1725 

10.79r.0 

.3 

100.2875 

35.50 

.4 

1.5394 

4.3982 

.4 

32.1699 

20.1062 

.4 

102.0703 

35.81 

.5 

1.7671 

4.7124 

.5 

33.1831 

20.4204 

.5 

103.S6S9 

36.12 

.6 

2.0106 

6.02G5 

.6 

34.2119 

20.7345 

.6 

105.6832 

36.44 

.7 

2.2698 

5.3407 

.7 

35.2565 

21.0437 

.7 

107.5132 

36.75 

.8 

2.5447 

5.6549 

.8 

36.3168 

21.3C23 

.8 

109.3588 

37.07 

.9 

2.8353 

5.9690 

.9 

37.3928 

21.6770 

.9 

111.2202 

37.38 

2.0 

3.1416 

6.2832 

7.0 

38.4845 

21.9011 

12.0 

113.0973 

37.6© 

.1 

34636 

6.5973 

.1 

39.5919 

22.3053 

.1 

114.9901 

38.01 

a 

3.8013 

6.9115 

.2 

40.7150 

22.0105 

.2 

116.89S7 

38.3^ 

.3 

4.1548 

7.2257 

.3 

41.8539 

22.933?) 

.3 

118.8229 

33.64 

.4 

4.5239 

7.5398 

.4 

43.0084 

23.2473 

.4 

120.7628 

38.95 

.6 

4.9087 

7.8540 

.5 

44.1786 

23.5019 

.5 

122.7185 

39.2« 

.6 

5.3093 

8.1G81 

.6 

45.3646 

23.8701 

.6 

124.6898 

39.58 

.7 

5.7256 

8.4823 

.7 

46.5CG3 

24.1903 

.7 

126.6769 

39.<^ 

.8 

6.1575 

8.79G5 

.8 

47.7836 

24.5044 

.8 

123.6796 

40.21J 

.9 

6.6052 

9.1100 

.9 

49.0167 

24.8186 

.9 

130.6981 

40.52< 

3.0 

7.068ft 

9.4248 

8.0 

50.2655 

25.1327 

13.0 

132.7323 

40.84< 

.1 

7.5477 

9.7389 

.1 

51.5300 

25.4409 

.1 

134.7822 

41.15^ 

J2 

8.0425 

10.0531 

.2 

52.8102 

25.7611 

.2 

136.8478 

41.46( 

.3 

8.5530 

10.3073 

.3 

54.1061 

20.0752 

.3 

138.9291 

41.782 

.4 

9.0792 

10.C814 

.4 

55.4177 

26.3894 

.4 

141.02G1 

42.093 

.6 

0.6211 

10.9950 

.5 

56.7450 

26.703.'^ 

.5 

143.1388 

42.411 

.6 

10.1788 

11.3097 

.6 

58.0SS0 

27.0177 

.6 

145.2672 

42.72£ 

.7 

10.7521 

11.G230 

.7 

59.44G8 

27.3319 

.7 

147.4114 

A3.(m 

.8 

11.3411 

11.93S1 

.8 

60.8212 

27.6400 

.8 

149.5712 

43.354 

.9 

11.9459 

12.2522 

.9 

62.2114 

27.9002 

.9 

151.7468 

43.668 

4.0 

12.5664 

12.5664 

9.0 

63.6173 

28.2743 

14.0 

153.9380 

43.982 

.1 

13.2025 

12.SSC5 

.1 

65.0388 

28.5885 

.1 

156.1450 

44.296 

Ji 

13.8544 

13.1947 

.2 

60.4761 

28.9027 

.2 

158.3077 

44.610 

.8 

14.5220 

13.50S8 

.3 

67.9291 

29.2108 

.3 

160.6001 

44.924 

.4 

15.2053 

13.8230 

.4 

69.3978 

29.5310 

.4 

162.8602 

45.238 

.5 

15.9043 

14.1372 

.5 

70.8822 

29.8451 

.5 

165.1300 

45.553 

,6 

10.6190 

14.4513 

.0 

72.3823 

30.1593 

.6 

167.4155 

45.867 

.7 

17.3494 

14.7655 

.7 

73.8981 

30.4734 

.7 

169.7167 

40.181 

J& 

18.0956 

15.0796 

.8 

75.4296 

30.7870 

.8 

172.0336 

46.495( 

Ji 

18.8574 

15.3938 

.9 

70.9769 

31.1018 

.0 

174.8662 

46.800' 

Table  of  Axeaa  and  Gicoinleieiioes  of  Circles 
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of  ChdM  ( 

by  teoths 


llU 

J 
J 
i 

i 
i 
J 


lU 

J 
J 
J 
,4 

i 

i 

i 
3 

1 17  J 
.1 

J 
J 
4 


l7ljOr7S6 
IS1.45M 
1SI.S939 
IMJIBO 

M8.»19 
191.1345 
!»1»S 
mJOKR 
]9SJiS6S 

3in.(H19 
2(ni831 
1199 


(^itpimi. 


i 
i 
J 

i 

M 

J 

J 
.4 

ij 

J 


m2¥n 

21LS2I6 
m.1243 
219^897 
SLftTOS 
2HJ176 

misoi 

]39.(S6S 
I3SJ532 

2l5j0ei8 
217.7871 

M0LSBS2 

2410S74 
»SJI456 
2S1.5I94 

2SI.409O 
257.3043 
»aii53 
SQil220 
26SJM4 

!«.»25 
271.7164 
274.9159 
2773911 
280i521 


•9  28SJ267 
4'2tti211 
1  293292 
Jj  2983530 
.4!29S392$ 


i 

i 

J 


2B8.64n 
191.7196 
I943093 
10730179 
2U.(ttS6 


47.1239 
47.43S0 
47.7322 
48.06&4 
4S.3805 

48.0047 
I9.00SS 
49.3330 
49.6372 
49.9513 

50J055 
50.5796 
50.8938 
51.2030 
513221 


51.8363 
52.15(H 

52.4646 
52.7788 
53.0929 


53.4071 
53.7212 
54.0354 
54.3496 
54.6687 

54.9779 
55.2920 
55.60r.3 
55.9203 
56.2345 

56.54S0 
56.SC2S 
57.1770 
57.4911 
57.8053 

58.1105 
53.433(3 
58.7478 
69.0019 
59.3761 

59.09a? 
60.0044 
60.31^6 
60.6327 
60.9469 

61J2611 
61.5752 
61.8894 
62.2085 
61.5177 


20.0 
.1 
.2 
.3 
.4 

3 
.6 
.7 
.8 
.9 

21.0 
.1 
J2 
.8 
.4 

JS 

.6 
.7 
.8 
.9 

22.0 
.1 
.2 
.3 
.4 

.5 
.6 
.7 
.8 
.9 

23.0 
.1 
.2 
.3 
.4 

3 
.6 
.7 

.8 
.9 

24.0 
.1 
.2 
.3 
.4 

3 
.6 
.7 
.8 
.9 


314.1593 
317.3087 
320.4739 
333.6547 
326.8513 

330.0636 
333.2916 
336.5353 
339.7947 
343.0608 

346.3006 
349.6671 
352.9891 
356.3273 
359.6809 

308.0903 

366.4354 
36C.S361 
373.2520 
376.6848 

880.1327 
883.5963 
387.0756 
3903707 
804.0814 

897.6078 
401.1500 
404.7078 
408.2814 
4113707 

415.4756 
410.0963 
422.7327 
426.3S4S 
430.0520 

433.7361 
437.4354 
441.1503 
444.8809 
448.6273 

452.3S93 

456.1G71 
459.9006 
463.769S 
467.5947 

471.4352 
475.2916 
479.1630 
483.0518 
486.9547 


CirsQin. 


62.8319 
63.1460 
03.1602 
63.7743 
64.0885 

64.4026 
64.7168 
65.0310 
63.3451 
65.6503 

65.9734 
66.2876 
66.6018 
66.9159 
67.2301 

67.5442 
67.1^584 
68.1726 
68.4S67 
633000 

09.1150 
09.4292 
09.7434 
70.0575 
70.3717 

70.6858 
71.0000 
71.3142 
71.6283 
71.9425 

72.2566 
72.570S 
72.8.M9 
73.1991 
73.5133 

73.8274 
74.1416 
74.4557 
74.7099 
75.0841 

75.3982 
75.7124 
76.0265 
76.3407 
76.6549 

76.9690 
77.2832 
77,5973 
77.9115 
78.2267 


Dia. 


Area 


25.0 
.1 
.2 
.3 
.4 

3 
.6 
.7 
.8 
.9 

26.0 
.1 
.2 
.3 
.4 


.6 
.7 
.8 
.9 

27.0 
.1 
.2 
.3 
.4 

.5 
.6 
.7 
.8 
.9 

28.0 
.1 
.2 
.3 
.4 

3 

.6 
.7 
.8 
.9 

29.0 
.1 
.2 
.3 
.4 

3 
.6 
.7 
.8 
.9 


CSiPDum. 


490.8739 
4ftl.80S7 
498.7592 
502.7255 
506.7075 

510.7052 
514.7185 
518.7470 
522.7924 
526.8529 

530.9292 
535.0211 
539.1287 
543.2521 
547.3911 

551.5459 
555.7163 
559.9025 
564.1044 
568.3220 

672.8563 
576.8043 
581.0690 
585.3494 
589.6455 

593.9574 
508.2849 
602.6282 
606.9871 
611.3618 

615.7522 
620.1582 
624.5800 
629.0175 
633.4707 

687.9397 
642.4243 
646.9246 
051.4407 
655.9724 

6003199 
665.0830 
669.6G19 
674.2565 
678.8668 

683.4928 
688.1845 
692.7919 
697.4650 
702.1538 


78.5398 
7S.8540 
79.1681 
79.4823 
79.7965 

80.1106 
80.4248 
80.7389 
81.0531 
81.3672 

81.6814 
81.9956 
82.3097 
82.6239 
82.9880 

83.2522 
83*5664 
83.8805 
84.1947 
84.5068 

84.8230 
85.1372 
85.4513 
85.7655 
86.0796 

86.3938 
86.7080 
87.0221 
873368 
87.6594 

87.9646 
88.2788 
88.5929 
88.9071 
89.2212 


89.5354 
89.8495 
90.1637 
90.4779  I 
90.7920 ' 

91.1062 
91.4203 
91.7345 
92.0487 
92.3628 

92.6770 
92.9911 
93.3053 
933105 
93.9336 
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Geonuetiy  md  McDsunttioQ 

lr«M  and  CkaunfertnoM  of  GItcIm  (CootisMi) 

Advutdnc  by  tettthi 


I 


Dia. 

30.0 

Aiea 

Cireum. 

Dia. 

Area 

Cireum. 

Dia. 

Area 

Cliei 

706.8583 

94.2478 

35.0 

962.1128 

100.9557 

40.0 

1256.0371 

125. 

.1 

711.5786 

94.5619 

.1 

967.6184 

110.2099 

.1 

1262.0281 

125. 

J 

716.3145 

94.8761 

.2 

973.1397 

110.5841 

.2 

1269.2348 

126. 

.3 

721.0662 

95.1903 

.3 

078.6768 

110.8982 

.3 

1275.5573 
1281.8065 

126. 

.4 

725.8336 

95.5044 

.4 

984.2296 

111.2124 

.4 

126. 

.5 

730.6167 

95.8186 

.5 

989.7980 

111.5205 

.5 

1288.2403 

127. 

.6 

735.4154 

96.1327 

.6 

995.3A22 

111.8407 

.6 

1294.6189 

127. 

.7 

740.2290 

96.4469 

.7 

1000.9821 

112.1549 

.7 

1301.0042 

127. 

.8 

745.0601 

96.7611 

.8 

1006.5977 

112.4690 

.8 

1807.4052 

128J 

.9 

749.9060 

97.0752 

.9 

1012.2290 

112.7832 

.9 

1313.8219 

128. 

81.0 

764.7676 

97.3894 

36.0 

1017.8760 

nzjoffrz 

41.0 

1320.2543 

1284 

.1 

759.6450 

97.7035 

.1 

1023..WS7 

113.4115 

.1 

1326.7024 

129. 

^ 

764.5380 

98.0177 

.2 

1029.2172 

113-7257 

.2 

1333.1063 

120. 

^ 

769.4467 

98.3319 

.3 

1034.9113 

114.0398 

.3 

1339.6458 

129. 

.4 

774.3712 

98.6460 

.4 

1040.6212 

114.3540 

.4 

1346.1110 

130.1 

.5 

779.3113 

98.9602 

.5 

1046.3467 

114.6681 

.5 

1352.G620 

130.J 

.6 

781.2672 

99.2743 

.6 

1052.0880 

114.9823 

.6 

1350.1786 

130.( 

.7 

789.2388 

99.5885 

.7 

1057.8449 

115.2905 

.7 

1305.7210 

131.< 

.8 

794.2260 

99.9026 

.8 

1063.6176 

115.610G 

.8 

1372.2791 

131. J 

.9 

799.2290 

100.2168 

.9 

1069.4060 

115.9248 

.0 

1378.8529 

131.4 

32.0 

804.2477 

100.5S10 

37.0 

1075.2101 

116.2389 

42.0 

1385.4424 

131.i 

.1 

809.2S21 

100.8451 

.1 

1081.0299 

116.5531 

.1 

1392.0476 

132.1 

.2 

814.3322 

101.1593 

.2 

10SC.8654 

116.8672 

2 

1398  6085  1S2.J 

.3 

819.3980 

101.4734 

.3 

1002.7160 

117.1814 

.3 

1405.3051 

132.< 

.4 

821.4796 

101.7876 

.4 

1098.5835 

117.4956 

.4 

1411.9574 

133.: 

.5 

829.5768 

102.1018 

.5 

1104.4662 

117.8097 

.5 

1418.6254 

133.i 

.6 

834.6898 

102.1159 

.6 

n 10.3645 
1116.2780 

118.1239 

.6 

1425.3092 

133.^ 

.7 

839.8185 

102.7301 

.7 

118.4380 

.7 

1432.0080 

134.1 

.8 

844.9628 

103.0442 

.8 

1122.2083 

118.7522 

.8 

1438  7238 

134.' 

.9 

850.1229 

103.3584 

.9 

1128.1538 

119.0664 

.9 

1445.4546 

134.' 

33.0 

855.2986 

103.6726 

38.0 

1134.1149 

119.3805 

43.0 

1452.2012 

135.( 

.1 

860.4902 

103.9867 

.1 

1140.0918 

119.6947 

.1 

1458.9685 

185. 

.2 

865.6073 

101.3009 

.2 

1146.0844 

120.0088 

.2 

1465  7415 

135.' 

.3 

S70.9202 

104.6150 

.3 

1152.0927 

120.3230 

.3 

1472.53f.2 

136.( 

,4 

876.1688 

104.9292 

.4 

1158.1107 

120.6372 

.4 

1479.3440 

136.1 

.5 

881.4131 

105.2434 

.5 

1IW.1564 

120.9513 

.5 

1486  1697 

136.< 

.6 

886.6831 

ia5.5575 

.6 

1170.2118 

121.2655 

.6 

1493.0105 

136.1 

.7 

891.9688 

105.8717 

.7 

1176.2830 

121.6706 

.7 

1499.8670 

137J 

.8 

897.2703 

10«.1«.')8 

.8 

1182.3698 

121.8938 

.8 

1506.7393 

187.( 

.9 

902.5874 

106.5000 

.9 

1188.4724 

122.2080 

.9 

1513.6272 

187.J 

34.0 

907.9203 

106.8142 

39.0 

1194J)906 

122.5221 

44.0 

1520.5308 
1527.4502 

188J 

.1 

913.2088 

107.1283 

.1 

1200.7246 

122.8363 

.1 

138.^ 

.2 

018.6331 

107.4425 

.2 

1206.8742 

123.1504 

.2 

1534.3S53 

188J 

.3 

924.0131 

107.7560 

.3 

1213.0396 

123.4640 

.3 

1541.3360 

189.1 

.4 

929.4088 

108.0708 

.4 

1219.2207 

123.7788 

.4 

1548.3025 

139.' 

.6 

934.8202 

108.3849 

.5 

1225.4175 

124.0929 

.5 

155  5.247 

180.2 

.« 

940.2473 

108.6991 

.6 

1231.6300 

124.4071 

.6 

1562.2826 

140.1 

.7 

945.fl901 

109.0133 

.7 

1237.S.'582 

124.7212 

.7 

1560.2962 

140.^ 

.8 

951.1486 

109.3274 

it 

1244.1021 

125.0351 

.8 

1576.3255 

140.: 

.9 

956.622S 

109.6410 

.9 

1250.3617 

125..3495 

.9 

1583.3706 

141.( 

Table  oi  Areas  and  Cacumfetences  of  Grdea 
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«f  GIrdM  (CooliaMd) 
by 


u 


AiC4     \  Qicum. 


■f 


msMn 
mum 

iy&831S 

llttJKS 
]M7.tf26 
NMJKI7 


141^17 
i41.«858 
142.0000 

142^142 
142.62S3 

142.0425 
143J566 
143^70S 
143.8349 

144.1901 


i  mLMmi  1443133 


l<ei.t360 


17118670 

iTaojios 

1717  J697 

imj»(45 
174LSK1 
1747414 
1757.1685 

tmuou 


l773iB46 
1779.5237 

III7MJMB1 
illSBUBSl 

u|isni574 

2\  1S34.6884 
J  IS3L2I75 

isasin 


Dia. 


u 

J 
i 

i 


144.3274 
145.1416 
145.4557 
145.76091 

146.0841 

146J082t 
146.7124 
147.0265 
147J407 

147.6550 
147.9690 
148.2832 
1415973 
14SJ115 

149.2257 
149.5398 
149.8540 
150.1681 
L50.4S23 

150.7964 
151.1106 
151.4248 
151.7389 
152.0531 


18I7.4£8  152.3672 

USiJm  152.6814 

1S6L7310  152.9956 

lSnU786  153.3097 

UnjBU  153.6239 


18S5.7409 
lSn.4457 
1901.1662 
1M6J024 
]911»43 


i  lt24.42U 

i  N12.SQ51 

I  2]  IMOJXMS 

i  »47J1S9 

i|»».6483 


153.93SD 
154.2522 
154.5664 
154.8805 
155.1947 

155.5068 
155.8230 
156.1372 
156.4513 
156.7656 


50.0 
.1 
.2 

.4 

.5 
.6 
.7 

.8 
.9 

51.0 
.1 
.2 
.3 
.4 

.5 

.6 
.7 
.8 
.9 

52.0 
.1 
.2 
.3 
.4 

.5 
.6 
.7 
.8 
.0 

53.0 
.1 
.2 
.3 
.4 

.5 
.6 

.7 
.8 
^ 

54.0 
.1 
.2 
.3 
.4 

.5 
.6 
.7 
.8 
.9 


Area 


C^rcum. 


1068.4964 
1971.8672 
1979.2348 
1987.1280 
1995.0370 

2002.9617 
2010.9Q20J 
2018.8581 
2026.8209 
2034.8174 

2042.8206 
2050.8395 
2058.8742 
2066.9245 
2074.9905 

2083.0728 
2091.1097 
2099.2829 
2107.4118 
2115.5568 

2128.7166 
2131.S926 
2140.0843 
2148.2917 
2156.5149 

2164.7537 
2173.0082 
2181.2785 
2189.5644 
2197.8661 

2206.1834 
2214.5165 
2222.8653 
2231.2298 
2239.6100 

224S.0059 
2256.4175 
2264.8448 
2273.2879 
2281.7466 

2290i»10 
2298.7112 
2307.2171 
2315.7386 
2324.2759 

2332.8289 
2341.3976 
2349.9820 
2858.5821 
2367.1979 


157J0796 
157.8938 
157.7080 
158.0221 
158.3363 

158.6504 
158.9646 
159J2787 
159.5929 
160J)071 

160.2212 
160.5354 
160.8495 
161.1637 
161.47/g 

161.7920 
162.1062 
162.4203 
162.7345 
163.0487 

168.8628 
163.6770 
163.9911 
164.3053 
164.6195 

164.9336 
165.2479 
165.5619 
165.8761 
166.1903 

166.5044 

166.81861 

167.1327 

167.4469 

167.7610 

168.0752 
168.3894 
168.7035 
169.0177 
169.3318 

169.6460 
169.9602 
170.2743 
170.5885 
170.9026 

171.2168 
171.5310 
171.8451 
172.1593 
172.4735 


Dia. 

Area 

55.0 

2375.8294 

.1 

2384.4767 

a 

2898.1396 

^ 

2401.8188 

A 

2410.5126 

.5 

2419.2227 

.6 

2427.9486 

.7 

2436.6899 

.8 

2445.4471 

.9 

2464.2200 

56.0 

2463.0086 

.1 

2471.8130 

J2 

2480.6330 

.3 

2489.4687 

.4 

2498.3201 

.5 

2507.1873 

.6 

2516.0701 

.7 

2524.9687 

.8 

2533.8830 

.9 

2542.8129 

57.0 

2551.7586 

.1 

2560.7200 

.2 

2569.6971 

.3 

2578.6899 

.4 

2587.6985 

.6 

2596.7227 

.6 

2605.7626 

.7 

2G14.81S3 

.8 

2G23.8896 

.0 

2632.9707 

58.0 

2642.0794 

.1 

2651.1979 

.2 

2660.3321 

.3 

2669.4820 

.4 

2678.6476 

.5 

2687.8289 

.6 

2097.0259 

.7 

2706.2386 

.8 

2715.4670 

.9 

2724.7112 

59.0 

2733.9710 

.1 

2743.2466 

.2 

2752.5378 

.3 

2761.8448 

.4 

2771.1675 

.5 

2780.5058 

.6 

2789.8599 

.7 

2799.2297 

.8 

2808.6152 

.9 

2818.0165 

Circum. 


172.7876 
173.1017 
173.4159 
173.7301 
174.0442 

174.3584 
174.6726 
174.9867 
175.3009 
175.6150 

175.9292 
176.2433 
176.5575 
176.8717 
177.1858 

177.5000 
177.8141 
178.1283 
178.4425 
178.7566 

179.0708 
179.3849 
179.6991 
180.0133 
180.3274 

180.6416 
180.955/ 
181.2699 
1S1.5841 
181.8982 

182.2124 
182.5265 
182.8407 
183.1549 
188.4690 

183J332 

184.0973 

.184.4115 

»184.7256 

.185.0398 

^185.3540 

185.6681 
185.9823 
186.2964 
186.6106 

186.9248 
187.2389 
187.5531 
187.8672 
188.1814 
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Geometiy  and  Mensuration 


Areas  and  Circuiiifereiicee  of  Circles 

For  di&meters  from  Ho  to  xoo»  advancing  by  tenths 


Dia. 
0.0 

Area 

Qroum. 

Di».| 
5.0 

Area 

CircuDi. 

Dia. 

10.0 

Area 

(^xeum. 

19.6350 

15.7030 

78.5398 

31.4159 

.1 

0.007854 

0.31416 

.1 

20.4282 

16.0221 

.1 

80.1185 

31.7301 

.2 

0.031416 

0.62832 

.2 

21.2372 

16.3363 

.2 

81.7128 

32.0442 

.3 

0.070(SS6 

0.94248 

.3 

22.0618 

16.6504 

.3 

83.3229 

32.3584 

.4 

0.12566 

1.2566 

.4 

22.9022 

16.9646 

.4 

84.9487 

32.6726 

.6 

0.19635 

1.5708 

.5 

23.7583 

17.2788 

.5 

86.5901 

32.9867 

.6 

0.28274 

1.8850 

.6 

24.6301 

17.5929 

.6 

88.2473 

33.3009 

.7 

0.3S485 

2.1901 

.7 

25.5176 

17.9071 

.7 

89.9202 

33.0150 

.8 

0.50266 

2.5133 

.8 

26.4208 

18.2212 

.8 

91.0088 

33.9292 

.0 

0.63617 

2.8274 

.9 

27.3397 

18.5354 

.9 

93.3132 

84..?434 

1.0 

0.7So4 

3.1416 

6.0 

28.2743 

18.8496 

11.0 

95.0332 

34.5575 

.1 

0.9503 

3.4558 

.1 

29.2247 

19.1637 

.1 

96.7689 

84.8717 

.2 

1.1310 

3.7699 

.2 

30.1907 

19.4779 

.2 

98.5203 

35.1858 

.3 

1.8273 

4.0S41 

.3 

31  1725 

19.79l".0 

.3 

100.2875 

35.5000 

.4 

1.5394 

4.3982 

.4 

32.1699 

20.1062 

.4 

102.0703 

35.8142 

.5 

1.7671 

4.7124 

.5 

33.1831 

20.4204 

.5 

103.8089 

36.1283 

.« 

2.0106 

5.0205 

.6 

34.2119 

20.7345 

.6 

105.6832 

36.4425 

.7 

2.2698 

5.3407 

.7 

35.2.'S65 

21.0437 

.7 

107.5132 

36.7506 

.8 

2.5447 

5.6540 

.8 

36.3168 

21.3C23 

.8 

109.3588 

37.0708 

.9 

2.8353 

5.9690 

.9 

37.3928 

21.6770 

.9 

111.2202 

37.3850 

2.0 

3.1416 

6.2832 

7.0 

38.4845 

21.9011 

12.0 

113.0073 

37.6091 

.1 

8  4636 

6.5973 

.1 

39.5919 

22.3053 

.1 

114.9901 

38.0138 

.2 

3.8013 

0.9115 

.2 

40.7150 

22.G105 

.2 

116.8987 

38.3274 

.3 

4.1548 

7.2257 

.3 

41.8539 

22.933". 

.3 

118.8229 

3S.64ie 

.4 

4.5239 

7.5398 

.4 

43.0084 

23.2473 

.4 

120.7028 

38.9557 

^ 

4.9087 

7.8540 

.5 

44.1786 

23.5619 

.5 

122.7185 

39.2609 

.6 

5.3093 

8.1G'51 

.6 

45.3646 

23.8701 

.6 

124.0898 

39.5S41 

.7 

5.7256 

8.4S23 

.7 

46.5CG3 

24.1903 

.7 

126.6769 

39.<i:0g3 

A 

6.1575 

8.70r.5 

.8 

47.:S36 

24.5044 

.8 

123.6796 

40.2124 

.9 

6.6052 

9.1100 

.9 

49.0167 

24.8186 

.9 

130.6081 

40.5205 

8.0 

7.0686 

9.4248 

8.0 

50.2055 

25.1327 

13.0 

132.7323 

40.8407 

.1 

7.5477 

9.73S9 

.1 

51.5300 

25.4409 

.1 

134.7822 

41.1549 

^ 

8.0425 

10.0531 

.2 

52.8102 

25.7011 

.2 

136.8478 

41.4690 

.3 

8.5530 

10.3073 

.3 

54.1061 

26.0752 

.8 

138.9291 

41.7832 

.4 

9.0792 

10.6S14 

.4 

55.4177 

26.3894 

.4 

141.0261 

42.0073 

.5 

9.6211 

10.9956 

.5 

56.7450 

26.7035 

.5 

143.1388 

42.4115 

.0 

10.1788 

11.3007 

.6 

58.0880 

27.0177 

.6 

145.2672 

42.7257 

.7 

10.7521 

11.0239 

.7 

59.4468 

27.3319 

.7 

147.4114 

43.0308 

.8 

11.3411 

11.9381 

.8 

60.8212 

27.6400 

.8 

149.5712 

43.3540 

.9 

11.9459 

12.2522 

.9 

62.2114 

27.9002 

.9 

151.7468 

43.6681 

4.0 

12.5664 

12.5664 

9.0 

63.6173 

28.2743 

14.0 

153.9380 

48.9828 

.1 

13.2026 

12.RS05 

.1 

65.0388 

23.5885 

.1 

156.1450 

44.2065 

.2 

13.8544 

13.1947 

.2 

66.4761 

28.9027 

.2 

158.3077 

44.6106 

.3 

14.5220 

13.5088 

.3 

67.9291 

29.2103 

.3 

160.0061 

44.9248 

.4 

15.2058 

13.8230 

.4 

69.3978 

29.5310 

.4 

162.8602 

45.2880 

^ 

15.9043 

14.1372 

.5 

70.8822 

20.8451 

,5 

105.1300 

45.5631 

.0 

10.6190 

14.4513 

.0 

72.3323 

30.1593 

.6 

167.4155 

45.8673 

.7 

17.3494 

14.7655 

.7 

73.8981 

30.4734 

.7 

169.7167 

40.1S14 

^ 

18.0956 

15.0796 

.8 

75.4296 

30.7870 

.8 

172.0236 

46.4956 

J9 

18.8574 

15.3938 

.9 

7r«.9709 

31.1018 

.0 

174.3662 

46.8097 
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CirannfareiiMs  ci  Chclw  (Cijorinnml) 
AdvBncmg  by  tenths 


1 

GreaxDi. 

Dia. 

Area 

Dia. 

Area 

Cireum. 

|1mI7.£6I7 

335.6194 

80.0    5026.5482 

251.3274 

85.0 

5674.5017 

267.0354 

||0L6SS3 

335.9336 

.1 

5030.1225 

251.6416 

.1 

5687.S614 

267.3495 

IflSSi^  S3A.5619I 

^ 

5051.712-i 

251.9657 

.2 

5701.2367 

267.6637 

.3 

5064.31S0 

252.2699 

.3 

5714.C277 

267.9779 

IttSUltt 

286^761 

.4 

5076.9394 

252.5840 

.4 

5728.0345 

26S.2920 

y4i3«Jl69d 

237.1902 

.5 

5089  5761 

252.8982 

.5 

5741.4569 

268.6062 

iMW.^33? 

237.5044 

.6 

5102.2292 

253.2124 

.6 

5754.8951 

26S.9203 

R«aOL71fi3 

237.8186 

.7 

5114.8977 

253.5265 

.7 

576S.3490 

269.2345 

ims^isi 

23?«.1327 

J6 

5127.5819 

253.8407 

.8 

5781.8185 

269.54S6 

338.^469 

.9 

5140.2818 

254.1548 

.9 

6795.3038 

260.8628 

yiS36.459R 

238.7610 

81.0 

5152.9973 

254.4690 

86.0 

5806.8048 

270.1770 

ni»3w«S7 

239.0752 

.1 

5165.7287 

254.7832 

.1 

5822.3215 

270.4911 

Ucsijsn 

239.3894 

J2 

6178.4757 

255.0973 

.2 

5835.8539 

270.8053 

1 163^2446 

239.7035 

.8 

5191.2384 

255.4115 

.3 

5840.4020 

271.1194 

i4SHJ377 

240.0177 

.4 

5204.0168 

255.7256 

.4 

6862.9659 

271.4336 

U4SSiJK;« 

240.3318 

.5 

5216.8110 

256.0398 

.5 

5876.5454 

271.7478 

umBRim 

240.6460 

.6 

5229.6208 

256.3540 

.6 

5890.1407 

272.0619 

i4fi».4IlO 

240.9602 

.7 

5242.4463 

256.6681 

.7 

5903.7516 

272.3761 

|tf8.4fiG0 

241.2743 

.8 

5255.2876 

256.9823 

.8 

6917.3783 

272.6902 

f  4U4.JS84 

241.58S5 

.9 

52G8.1446 

257.2966 

.9 

5931.0206 

273.0044 

1  436.GK7 

241.9026 

82.0 

5281.0173 

257.6106 

87.0 

5944.6787 

273.3186 

1  M6.72S7 

242.2168 

.1 

5293.9056 

257.9247 

.1 

5958.3525 

273.6327 

1  itSOM74 

242.5310 

.2 

5306.8097 

258.2389 

.2 

5972.0420 

273.9469 

msMis 

242^51 

.3 

5319.7295 

258.5531 

.3 

59S5.7472 

271.2610 

\  4795.1319 

243.1592 

.4 

5332.6650 

258.8672 

.4 

5999.4681 

274.5752 

(  ^7  J977 

243.4734 

.5 

5345.6102 

259.1814 

.5 

6013.2047 

274.9894 

4729.4793 

243.7S76 

.6 

5358.5832 

259.4950 

.6 

6020.9570 

275.2035 

R4741.07fS5 

244.1017 

.7 

5371.5658 

259.8097 

.7 

6040.7250 

275.5177 

1  4753 JR»4 

244.4159 

.8 

5384.5641 

260.1239 

.8 

6054.50S8 

275.8318 

f  47(iS.]l81 

244.7301 

.9 

5397.5782 

260.4380 

.9 

6068.3082 

276.1460 

t  4778  Je24 

245.0442 

83.0 

5410.6079 

280.762? 

88.0 

0082.1234 

276.4602 

47ni<S:>25 

245.3584 

.1 

5423.6534 

261.0663 

.1 

6095.9542 

276.7743 

48a2.<)963| 

215.6725 

J2 

5436.7146 

261.3805 

.2 

6109.8008 

277.08S5 

i4l]5.U{97 

245.98C7 

Ji 

5449.7915 

261.6947 

.3 

6123.6631 

277.4026 

f  4327.49G9 

346.^009 

.4 

5462.8840 

262.0088 

.4 

6137.5411 

277.7168 

4^39^198 

246.6150 

JS 

5475.9923 

262.3230 

.5 

6151.4348 

278.0309 

4853.1564 

246.9292 

.6 

5489.nrt3 

262.6371 

.6 

6165.3442 

278.3451 

4E<M3128 

247.2433 

.7 

5502.2561 

262.9513 

.7 

6179.2693 

278.6593 

4S76iS28 

247.5575 

.8 

5515.4115 

263.2655 

.8 

6193.2101 

278.9740 

4380^685 

247^17 

.9 

5528.5826 

203.5796 

.9 

6207.1666 

279.2876 

WB.oaoo 

248.1858 

84.0 

5541.7694 

263.8938 

89.0 

6221. 13?« 

279.6017 

49I4U87] 

248.500C 

.1 

5554.9720 

204.2079 

.1 

6235.1268 

279.9159 

«»^199 

248.8141 

.2 

5568.1902 

204.5221 

.2 

6249.1304 

280.2301 

4Sfi.9685 

249.1283 

.3  1  5581.4242 

264.8363 

.3 

6263.1498 

280.5442 

tt6l.4328 

249.4425 

.4 

5594.6739 

265.1514 

.4 

6277.1849 

280.8584 

f  490.9127 

249.7566 

.5 

5607.9392 

265.4646 

.5 

6291.2356 

281.1725 

14976.4084 

250.0708 

.6 

5621.2203 

265.7787 

.6 

6.?05.3021 

281.4867 

n  4M.9198 

250.3850 

.7 

5634.5171 

266.0929 

.7 

6319.3813 

281.8009 

yiHn.4459 

250.6991 

.8 

5647.8296 

266.4071 

.8 

6333.4822 

282.1150 

nS013.9687    251.0133 



.9 

5661. 157S 

266.7212 

.9 

6347.5958 

282.4292 
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Geometxy  and  Mensumtion 


Mad  Ciiotatf cMBces  d  Gtdm  (C«atfiund) 
Advaofdng  bj  temtiH 


Dm. 
90.0 

Ana. 

Ciretun. 

Dia. 

Ana 

Cireum. 

Dia. 

Area 

Gin 

6301.7251 

282.7433 

03.5 

6866.1471 

208.7360 

97.0 

73S0.8U8 

304. 

.1 

6376J70i 

283.0575 

.6 

6880.S419 

294.0581 

.1 

7406.0659 

30S. 

.2 

6390.0309 

283.?717 

.7 

6895.5524 

294.3372 

.2 

7420.8102 

305, 

.3 

6404.2073 

283.6858 

.8 

6910.2786 

294.68141   .3 

7435.5022 

305. 

.4 

6418.3995 

284.0000 

.9 

6925.0205 

294.99561   .4 

7450Ji839 

30S. 

^ 

6432.6073 

284.8141 

94.0 

6939.7782 

295.3097 

.6 

7466.1913 

306. 

.6 

0446.8309 

284.6283 

.1 

6064.5515 

295.6239 

.6 

7481.5144 

306. 

.7 

6461.0701 

284.9425 

.2 

6009.3106 

295.9880 

.7 

7496.8532 

306. 

.8 

6475.3251 

285.2560 

^ 

6984.1453 

290.2522 

.8 

7512.2078 

307. 

.9 

6480.5068 

285.5708 

.4 

6098.9658 

296.5663 

.9 

7527.5780 

307. 

91.0 

6503.8822 

285.8849 

.5 

7013.8019 

290.8805 

98.0 

7642.9040 

307. 

.1 

6518.1843 

286.1991 

.6 

7028.6538 

297.1947 

.1 

7558.3656 

80S. 

a 

6632.5021 

286.5133 

.7 

7043.5214 

297.5038 

.2 

7573.7830 

308. 

.3 

6546.8354 

286.8274 

.8 

7058.4047 

297.8230 

.3 

75S9.2161 

308. 

.4 

6561.1848 

287.1416 

.9 

7073.3033 

298.1371 

.4 

7604.604b 

309. 

.5 

6576.5498 

287.4557 

05.0 

70S8.2184 

298.4513 

.5 

7620.1293 

309. 

.6 

6589.9304 

287.7699 

.1 

7103.1488 

298.7055 

.6 

7635.G095 

309. 

.7 

6604.3268 

288.0840 

.2 

7118.1950 

299.0796 

.7 

7651.1054 

310. 

.8 

6618.7388 

288.3932 

.3 

7133.0508 

299.3938 

.8 

7666.0170 

310. 

.9 

6633.1666 

288.7124 

.4 

7148.0343 

299.7079 

.9 

7682.1444 

310. 

92.0 

6647.6101 

289.0265 

.5 

7163.0276 

300.0221 

99.0 

7697.6893 

311 J 

.1 

6662.0692 

289.3407 

.6 

7178.0366 

300.3363 

.1 

7713.2461 

311. 

J 

6676.5441 

289.6548 

.7 

7193.0612 

300.6504 

.2 

7T-8.8206 

31 U 

^ 

6691.0347 

2S9.9690 

.8 

7208.1016 

300.9646 

.3 

7744.4107 

311. 

.4 

6705.5410 

290.2S32 

.9 

7223.1577 

301.2787 

.4 

7760.0166 

312. 

.5 

6720.0630 

290.5973 

96.0 

7238.2295 

301.5929 

.5 

7775.0382 

312. 

.6 

6734.6008 

290.9115 

.1 

7253.3170 

301.9071 

.C 

7791.2754 

313. 

.7 

6749.1542 

291.2256 

.2 

726S.4202 

302.2212 

.7 

7806.9284 

313. 

.8 

6703.7233 

291.539S 

.3 

72S3  5391 

302.5354 

.8 

7822.5971 

313. 

.9 

6778.3082 

291.8540 

.4 

7298.6737 

302.8405 

.9 

7838.2815 

313.. 

93.0 

6792.9087 

292.16S1 

.6 

7313.8240 

303.1637 

100.0 

7853.9816 

314. 

.1 

6807.5250 

292.4823 

.6 

7328.9901 

303.4779 

.2 

6822.1569 

2'J2.79P.4 

.7 

7344.1718 

303  7020 

.3 

68?6.8046 

203.1106 

.8 

7359.3093 

304.1062 

.4 

6851.4680  293.42481 

.9 

7374.5824 

304.4203 
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Areas  of  Ciicl« 

AdvandDff  bsr  eighdit 

u. 

'  0.0 

Oi 

O-i 

o.i 

0.} 

0.1 

0.1 

0.J 

1 

tJO 

1 

1     0.0122 

0.O490 

0.1104 

0.1963 

0.3068 

0.1417 

0.6013 

1 

0.7»3i 

09940 

1.227 

1.434 

1.767 

2.073 

2.405 

2.7rtl 

:  ;    3.Ulb 

3.546 

3.976 

4.430 

4.90S 

5.411 

5.939 

6.491 

I 

7j0iij» 

7.069 

8.295 

8. 94  A 

9.021 

10.32 

11.04 

11.79 

4 

12^ 

13Jf 

14.18 

15.03 

15.90 

10.80 

17.72 

18.6<? 

i 

lfjS3 

20.62 

21.64 

22.69 

23.75 

24.85 

25.96 

27.10 

i 

Rjr 

29.46 

30.67 

31.91 

33.18 

34.47 

35.78 

37.12 

• 
J 

S.-IS 

39.87 

41.28 

42.71 

44.17 

45.66 

47.17 

4S.70 

i 

50  J6 

£1.84 

53.45 

55.06 

56.74 

58.42 

60.13 

61.^6 

f 

03.61 

65.39 

67.20 

69.02 

70.88 

72.75 

74.60 

76.58 

K 

TSl54 

80.61 

82.51 

84.54 

8C.59 

88.66 

90.70 

92.88 

u 

•5.03 

97.20 

99.40 

101.6 

103.8 

106.1 

108.4 

110.7 

If 

!IX0 

II5.4 

117.8 

120.2 

12?.7 

125.1 

127.6 

130.1 

u 

132.7 

135.2 

137.8 

140.5 

143.1 

145.8 

148.4 

1S1.2 

14 

isaj 

156.6 

159.4 

1C2.2 

165.1 

167.9 

170.8 

173.7 

13 

176,7 

179.6 

182.6 

185.6 

188.6 

191.7 

194.8 

197.9 

K 

201,0 

204.2 

207.3 

210.5 

213.8 

217.0 

220.3 

223.6 

<* 

1 J 

?_** 

230.3 

233.7 

237.1 

240.5 

243.9 

247.4 

250.9 

^  \  2si.4 

25.S.O 

201 .5 

265.1 

2C8.8 

272.4 

276.1 

279.8 

9 

2S3.5 

267.2 

29 1.0 

294.8 

29S.6 

3i)2.4 

306.3 

310.2 

» 

31 1.3 

31S.1 

322.0 

326.0 

330.0 

334.1 

338.1 

342.2 

fi 

316.3 

350.4 

354.6 

35S>i 

363.0 

367.2 

371.5 

375.8 

•) 

3«.l 

3?  1.4 

33.S.8 

393.:! 

397.6 

402.0 

406.4 

410.9 

8 

415.4 

420.0 

424.5 

429.1 

433.7 

438.3 

443.0 

447.6 

u 

4523 

457.1 

461. S 

46C.6 

471.4 

476.2 

481.1 

4S5.9 

#■ 

ff 

4iO.S 

495.7 

500.7 

505.7 

610.7 

615.7 

620.7 

525.8 

y 

530 J) 

536.0 

■541.1 

546.3 

551.5 

5W.7 

562.0 

507.2 

^ 
^ 

5r»i> 

577.8 

583.2 

6S8.5 

593.9 

599.3 

604.8 

610.2 

621.2 

626.7 

632.3 

637.9 

0^3.5 

649.1 

654.8 

*Q     fen  r, 

66^.2 

671.9 

677.7 

GS3.4 

6^9.2 

695.1 

700.9 

i 

7ft.!.^ 

712.7 

71^.6 

724.6 

730.0 

736.6 

742.6 

748.6 

7*4^ 

760.9 

7C7.0 

773.1 

779.3 

785.6 

791.7 

798.0 

S106 

81^.9 

823.2 

829.6 

836.0 

842.4 

848.8 

^^1  S 

808.3 

S74.9 

881.4 

8J:8.0 

894.6 

901.3 

U1T  o 

91  f  7 

921.3 

928.1 

934.8 

941.6 

948.4 

95^3 

S      9C2.1 

969.0 

975.9 

9S2.S 

089.8 

990.8 

1003.8 

1010.8 

K    iniro 

1025  0 

1032.1 

1039.2 

1046.3 

1053.5 

1060.7 

10<.8.0 

r 

10 

1W«  •    « 

I075J 
1 134.1 
I!94.rt 

1:5*3.6 

lOs''  5 

1089.8 

1097.1 

1104.5 

1111.8 

1119.2 

Ui:g.7 

1141  G 

1149.1 

1 156.6 

]1G4.2 

1171.7 

1179.3 

1186.9 

*    *    w    *      \^ 

l'»0'>  3 

1210.0 

1217.7 

1225.4 

1233.2 

1241.0 

1248.8 

1  mm\J^  •^S 

1264.5 

1272.4 

1280.3 

1288.2 

1296.2 

1304.2 

1312.2 

1 

^ 

I3S0J 
I3S3.4 

1452.2 
1 520.5 
1590.4 

1328.3 
1393.7 
1400.7 
1529.2 
1599.3 

1336.4 

1344.5 

1352.7 

1360.8 

1369.0 

1377.2 

1402.0 

1410.3 

1418.6 

1427.0 

1435.4 

1443.8 

3 
4 
a 

1409.1 
1537.9 

1477.6 

1546.6 

1486.2 
1555.3 

1494.7 
15f.4.0 

1503.3 
1572.8 

1511.9 

1581.0 

1GOS.2 

1617.0 

1626.0 

1634.9 

1643.9 

1652.9 
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Geometry  and  Mensuration 


CiicuaifereiicM  of  Circlet 

Advandng  by  eighths 

CiRCUlCFEBENCSS 

Dia. 
0 

0.0 

o.i 

o.i 

o.f 

O.J 

O.f 

0.} 

0 

0.0 

0.3927 

0.7  J5i 

1.178 

1.570 

1.963 

2.356 

Ma 

1 

3.141 

3.534 

3.927 

4.310 

4.712 

5.105 

5.497 

5. 

2 

6.283 

6.075 

7.033 

7.401 

7.S54 

8.2.J6 

8.639 

9.1 

3 

9.424 

9.S17 

10.21 

lO.GO 

10.99 

11.38 

11.78 

12. 

4 

12.56 

12.95 

13.35 

13.74 

14.13 

14. .52 

14.92 

15.; 

5 

15.70 

16.10 

16.49 

10.83 

17.27 

17.07 

18.06 

18.' 

6 

18.84 

19.24 

19.03 

20.02 

20.42 

20.81 

21.20 

2] 

7 

21.99 

22.35 

22.77 

23.16 

23.56 

23.95 

24.34 

24 

8 

25.13 

25.52 

25.91 

26.31 

26.70 

27.09 

27.48 

27 

9 

2S.27 

2s.6r. 

23.03 

29.45 

29.84 

30.23 

30.63 

31 

10 

31.41 

31.80 

32.20 

32.59 

32.98 

33.37 

33.77 

34 

11 

34..15 

31.95 

35.34 

35.73 

36.12 

38.52 

36.91 

37 

12 

37.09 

3S.0D 

33.48 

31.S7 

39.27 

39.66 

40.05 

40 

13 

40.84 

41.23 

41.62 

42.01 

42.41 

42.S0 

43.19 

43 

14 

43.08 

44.37 

44.76 

45.10 

45.55 

45.94 

40.33 

46 

15 

47.12 

47.61 

47.90 

43.30 

48.6'J 

49.08 

49.48 

49 

Ifi 

50.26 

50.65 

51.05 

51.44 

51. S3 

52.22 

52.62 

53 

17 

53.  iO 

53.79 

5iA0 

54.5^ 

54.97 

55.37 

55.70 

56 

IS 

50.51 

56.91 

57.33 

57.72 

53.11 

58.51 

5S.0O 

59 

19 

59.69 

60.01 

00.47 

60.80 

61.20 

01.05 

62.04 

C2 

20 

62.83 

63.22 

63.01 

64.01 

64.40 

04.79 

65.18 

65. 

21 

65.97 

66.30 

65.75 

67.15 

67.54 

07.93 

68.32 

68. 

22 

69.11 

69.50 

00.90 

70.29 

70.0S 

71.07 

71.47 

71. 

23 

72.25 

72.64 

73.01 

73.43 

73.82 

74.22 

74.61 

75. 

21 

75.39 

75.79 

76.1S 

76.57 

70.90 

77.36 

77.75 

78. 

25 

78.54 

78.93 

70.32 

79.71 

SO.IO 

80.50 

80.89 

81. 

36 

81.68 

82.07 

82.46 

82.85 

83.25 

.  83.04 

84.03 

84. 

17 

84.82 

85.21 

85.00 

80.00 

86.39 

86.73 

87.17 

S7. 

2? 

87.96 

88.35 

88.75 

89.14 

89.53 

89.92 

90.32 

90. 

29 

91.10 

91.49 

91.89 

92.28 

92.67 

93.06 

93.46 

93. 

30 

04.24 

9t.6i 

95.03 

95.42 

95.81 

96.21 

90.60 

96. 

31 

97.39 

07.78 

9S.17 

08.57 

98.96 

09.35 

99.75 

100. 

32 

100.53 

100.92 

101.32 

101.71 

lOMO 

102.49 

102.89 

103. 

33 

103.67 

104.07 

101.10 

101.85 

105.24 

105.64 

106.03 

106. 

34 

106.81 

107.21 

107.00 

107.90 

10S.39 

108.78 

109.17 

109. 

35 

109.96 

110..35 

110.74 

111.13 

111.53 

111.92 

112.31 

112. 

^6 

113.10 

113.49 

113.SS 

114.2S 

114.67 

115.06 

115.45 

115., 

37 

110.24 

110.63 

117.02 

117.42 

117.81 

118.20 

118.00 

11S.J 

3S 

119.38 

119.77 

120.17 

120.50 

120.95 

121.34 

121.74 

122. 

39 

122.52 

122.92 

123.31 

123.70 

124.09 

124.49 

124.88 

125.! 

40 

125.06 

126.06 

126.45 

126.84 

127.24 

127.63 

128.02 

12S.' 

41 

128.81 

129.20 

129.59 

129.98 

130.38 

130.77 

131.16 

131J 

\2 

131.9.') 

132.34 

132.73 

133.13 

133.52 

133.91 

184.30 

1.34.: 

43 

135.09 

135.48 

135.87 

136.27 

1.3';.66 

137.a5 

137.45 

137.^ 

44 

138.23 

138.02 

139.02 

139.41 

139.80 

140.19 

140.69 

140.t 

45 

141.37 

141.70 

142.16 

1 

142.55 

142  94 

143.34 

143.73 

144.1 
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Areas  and  Circinnferaiicea  of  Circles 

FaoM  1  TO  50  Fbbt 

Advancing  by  one  inch 


■.    Aiea, 

Qreum., ' 

1 
[Diazn., 

Area, 

11 
Circum.,    Diam., 

Area, 

Circum., 

a     aqft 

ft    in 

>    ft  in 

1 

sqft 

ft    in 

ft  in 

sqft 

ft    in 

1     07»4 

3    l^i        5    0 

19.635 

15    8H 

9    0 

63.6174 

28    'V4 

1    o.ei: 

3    4H 

1 

20.2D47 

15  IIH 

1 

64.8036 

28    %H 

1    i.m 

3    8 

2 

20.9656 

16    2H 

2 

65.9951 

28    9i'i 

1      1.2271 

3  11       1 

3 

21.6475 

16  m 

3 

67.2037 

29      ^i 

1      IBC 

4    2H  1 

4 

22.34 

16    9 

4 

6S.4166 

29    3^4 

3f    ISTil 

4    o^i 

6 

23.0437 

17      H 

5 

69.644 

29    7 

1     1.7471 

4    8^2 

6 

23.7583 

17    ZH 

6 

70.8823 

29  lO^i 

7     1.9689 

4  IIH 

7 

24.4835 

17    6H 

7 

72.1309 

30  m 

1     2.1516 

5    244   I 

8 

25.2109 

17    9)^ 

8 

73.391 

30    4H 

9     21052 

5    5Jt 

0 

25.9672 

18      fi 

9 

74.662 

30    7\i 

r     2C398 

5    9 

10 

26.7251 

18    <i'A 

10 

75.9433 

30  IIH 

U.   IMol 

6      K  1 
6    3H 

11 

27.4d43 

18    7j8 

11 

77.2362 

31    lU 

t     3H16 

0    0 

28.2744 

18  10^ 

10    0 

78.54 

31    5 

I     IVSS7 

6    6^^ 

'           1 

29.0649 

19    Hi  1 

1 

79.854 

31    SH 

I    19m 

6    9^i 

1           2 

29.8668 

19    4H  1 

2 

81.1795 

31  IIM 

i     3  97S 

7      ^i   1 

3 

30.6736 

19    7H  1 

1          3 

82.516 

32    2H 

4     427B 

7    3^* 
7      7 

4 

31.5029 

19  105^  1 

4 

83.8627 

32    5\'i 

S<   4S!^ 

5 

32.3376 

20    lU  I 

5 

80.2211 

32    8H 

1     19087 

7  lOU   1 

8  IH  1 

6 

33.1831 

20    4H 

6 

86.5903 

32  im 

7     3M13 

7 

34.0391 

20    8>^ 

7 

87.9637 

33    27,6 

fi   S&iS 

8    4h-2  ' 

8 

84.9065 

20  IIH 

8 

83.36.18 

33    6^ 

t'   i.Wo 

8    756 

9 

35.7347 

21    2H 

9 

00.7627 

33    9V4 

»     6.^)40 

8  IW, 

13 

36.6735 

21    b\^ 

D 

02.1749 

34      H 

U     «.«13 

9    1>6 

11 

37.5736 

21    854 

I         11 

93.5986 

34    35-4 

6  >7.0S86 

9    5 

7    0 

38.4346 

21  IIT^ 

11    0 

95.0334 

34    6)6 

I     7MH 

9    8i« 

1 

39.406 

22    3 

1 

96.4783 

34    94i 

!l   7.^757 

9  IIH 

2 

40.3388 

22    dMt 

2 

97.9347 

35      U 

]     8.2957 

10    2\'i 
10    5H 
10    8^i 
10  11^« 

3 

41.2325 

22    9n 

3 

99.4321 

35    4Vi   i 

4.  S.7265 

4 

42.2367 

23      H 

4 

103.879? 

35    7^ 

S     »16S 

5 

43.2022 

23    3^3 

5 

102.3689 

35  lOH 

i     9.6ill 

6 

44.1787 

23  •  G'm' 

6 

103.8601 

36    n*i 

7  iQ.om 

11    3 

11    6ii 
11    9^i 

7 

45.1636 

23    9Th 

7    105.3794 

36    4ii 

1    If  .S591 

8 

46.1038 

24    IH 

8    106.0013 

36    714 

1;  11.0446 

9 

47.173 

24    4H 

9  1108.4342 

36  lOT^ 

V    11.5409 

12        ^3    , 

10 

48.1962 

24    7M 

10  1109.9772 

37    2^4 

11  j  12.0481 

12    3^i  1 

11 

49.2236 

24  mi 

11    111.5319 

37    5H 

0 '  12.4JM 

12  «*i 

8    0 

50.2656 

25    IH 

12    0    113.0976 

37    SH 

!  ,  13.0952 

12    9>i  1 

1 

51.3178 

25   m 

1 

114.6732 

37  IIH 

!  iz.saa 

13    1       , 

2 

52.3S16 

25    774 

2 

116.2607 

38    2H 

3    14.ISS2 

13    4^  ' 

3 

53.4562 

25  11 

3 

117.859 

38    5H 

4    14  7479 

13    7Vi    1 

4 

54.5412 

26    2U 

4 

119.4674 

38    8^6 

3    13  33M 

13  lOV^  1 

5 

55.6377 

26    5!i 

5 

121.0876 

39    0 

S    15.9043 

14    IH 

6 

•56.7451 

26    8H 

6 

122.7187 

39    3^ 

:'  W4996 

14    AH  i 

7 

57.8628 

26  llVi 

7 

124.3598 

39    6H 

t    17  1041 

14    7H  1 

8 

58.992 

27    2^4 

8 

126.0127 

39    9Vi 

«  '  17.7205 

14  11 

9 

60.1321 

27    5)4 

9 

127.6765 

40      H 

I)    1S«76 

15    2Vi 

10 

61.2826 

27    9 

10 

129.3504 

40    3314 

U  ,  18.S85S 

15    5H 

11 

62.4445 

28      H 

11 

131.036 

40    6H 

GcGOictiy  and  McnsnnUiaa 
Areu  and  Circnmferencet  of  Circles  (ContiniMd) 


Area, 

Circum., 

Diam.. 

Area, 

Ciroum., 

Diam.. 

Area, 

Cire- 

sqft 

ft 

in 

ft   in 

sqft 

ft    in 

ft  in 

sqft 

ft 

132.7320 

40  10 

18    0 

254.4696 

56   m 

23    0 

415.4766 

7» 

134.4301 

41 

m 

1 

256.8303 

56   m 

1 

418.4915 

72 

136.1574^  41 

4H 

2 

250.2033 

57      H 

2 

421.5192 

73 

137.8867,  41 

7^2  : 

3 

261.5872 

57    4 

3 

424.5577 

78 

139.626 

41  mi 

4 

263.9807 

57    7H 

4 

427.6055 

71 

141.3771 

42 

IH 

5 

266.3864 

57  10V4 

5 

430.6658 

7S 

143.1391 

42 

4li 

6 

268.8031 

58    IH 

6 

433.7371 

73 

144.9111 

42 

8 

7 

271.2203 

58    iM 

7 

436.8175 

74 

146.6940 

42  im  ! 

8 

273.6678 

58    7H 

8 

430.9106 

74 

148.4896 

43 

2M 

9 

276.1171 

58  10^4 

9 

443.0146 

74 

150.2943:  43 

5H  ' 

10 

278.5761 

59    2 

10 

446.1278 

74 

152.1109 

43 

8H  j 

11 

281.0472 

59    5^ 

11 

449.2536 

75 

153.9384 

43  11*4 

19    0 

283.5294 

59    8H 

24    0 

452.3904 

75 

155.7758   44 

2'yi     ' 

1 

286.021 

50  11^6 

1 

455.5362 

75 

157.625     44 

6 

2 

288.5249 

60    2>^ 

2 

458.6948 

75 

159.4852   44 

9H 

3 

291.0397 

60    5^6 

3 

461.8642 

76 

161.3553    45 

'•i   1 

4 

293.5641 

60    334 

4 

465.0428 

,     '« 

163.2373 

45 

3^6  ' 

5 

296.1107 

60  ll'i  1 

5 

468.2341 

76 

165.1303 

45 

6^6 

6 

298.6483 

61    3H  1 

6 

471.4363 

76. 

167.0331 

45 

934 

7 

301.2054 

61    6'4 

7 

474.6476 

77 

168.0479 

46 

16 

8 

303.7747 

61    9»'j  , 

8 

477.8716 

77 

170.8735 

46 

4      1 

9 

306.355 

62      f2 

9 

481.1065 

77 

172.8091'  46 

7U  1 

10 

306.9448 

62    SH 

10 

484.3506 

78 

174.7565 

46  m4 

11 

311.5460 

62    6^4 

11 

487.6073 

78 

176.715 

47 

lU 

20    0 

314.16 

62    9H 

25    0 

490.875 

78 

178.6832 

47 

4H 

1 

316.7824 

63    U6 

1 

494.1516 

78 

180.6634 

47 

7^4 

2 

319.4173 

63    4U 

2 

497.4411 

79 

182.6545 

47  lOTi 

3 

322.063 

63    7H 

3 

500.7415 

79 

184.6555 

48 

2H 

4 

324.7182 

63  im 

4 

504.051 

79 

186.6684 

48 

5\i 

5 

327.385S 

64    IH 

5 

507.3732 

79  1 

188.6923 

48 

8U 

6 

330.0643 

64    43,4 

6 

510.7063 

90 

190.726 

48  IIH 

7 

332.7522 

64    7'A 

7 

514.0484 

m 

192.7716    49 

2H 

8 

335.4525 

64  11 

8 

517.4034 

80 

194.8282 

49 

53*  . 

9 

338.1637 

65    2V4 

9 

520.7692 

80  ] 

196.8946 

49 

8'6 

10 

340.8844 

65    5H 

,        '0 

524.1441 

81 

198.973 

50 

0 

( 

11 

343.6174 

65    8^4  ^ 

11 

527.5318 

81 

201.0624 

50 

3V6 

21    0 

346.3614 

65  IIH  ' 

26    0 

530.9304 

81 

2(13.1615 

50 

6' 4 

1 

349.1147 

66    234  ' 

1 

534.3379 

81  1 

2(«.2726 

50 

95^ 

2 

351.8S04 

66    5I& 

!          2 

637.7583 

82 

207.3946 

51 

1,0  ' 

3 

354.6571 

66    0 

3 

541.1896 

82 

209. 52M 

51 

33; 

4 

357.4432 

67      H 

4 

544.6299 

82 

211.6703 

51 

eh  ' 

5 

360.2417 

67    33s 

5 

548.083 

82  1 

213.8251    51 

10 

6 

363.0511 

67    6>i 

6 

551.5471 

83 

215.9896    52 

Vi 

7 

365.8698 

67    9H 

7 

555.0201 

83 

218.1662   52 

4'4 

8 

368.7011 

68      3^  , 

8 

558.5059 

83 

220.3537    52 

73s  1 

9 

371.5432 

68    3-8 

9 

562.0027 

84 

222.551 

52 

101  i  1 

10 

374.3947 

68    7 

10 

565.5084 

84 

224.7606 

53 

1 

11 

377.2587 

68  lOH 

11 

569.027 

84 

226.9806 

53 

Hi 

22    0 

380.1336 

69    m  ' 

27    0 

572.5566 

84 

229.2105 

53 

8      1 

1 

383.0177 

69    4V2 

1 

576.0949 

85 

231.4525 

53 

im 

2 

385.9144 

69    75^ 

2 

579.6463 

85 

233.7055 

54 

2H  ! 

3 

JS8.822 

69  103 1 

3 

583.2085 

85 

235.9682 

54 

5H  ' 

4 

301.7389 

70    VA  ' 

4 

586.7796 

85  1 

238.243 

54 

8'!i 

5 

394.6683 

70  5    ; 

5 

590.3637 

86 

240.5287 

54  IIH  ' 

6 

397.6087 

70    8M 

6 

593.9587 

86 

242.8241 

55 

2'A 

7 

400.5583 

70  n\i 

7 

597.5625 

86 

245.1316 

55 

6 

8 

403.5204 

71    21 2 

8 

601.1793 

86 

247.45 

55 

9^ 

9 

406.4935 

71    5H 

9 

604.807 

87 

249.7781 

56 

H  ' 

10 

409.4759 

71    834 

10 

608.4436 

87 

252.1184 

56 

ZH 

11 

412.4707 

71  llH 

11 

612.0931 

87 
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ia 

«■ 

■■d  CiRVBifenofita  of  drdM  (OoatiflioMl) 

\1  Ina. 

Diam., 

Area, 

Ciroum., 

Dioxn.. 

Area, 

Qreum., 

li  ivft 

ft 

in 

ft  in 

aqft 

ft    in 

ft  in 

Bqft 

ft    in 

1  Bsnae  S7  iivi  > 

33   0 

855.301 

103    8 

38   0 

1134.118 

119    4^ 

[ :  a9.«3&'  88 

2*i 

1 

859.634 

103  IIH 

1 

1139.096 

119    7H 

1    eL79S«  88 

^i 

2 

863.961 

104    2\i 

2 

1144.087 

119  10^4 

9       , 

3 

868.309 

104    h^i 

3 

1149.089 

120    2 

OiSOQS   89 

H  1 

4 

872.665 

104    8A^ 

4 

1154.110 

120    5H 

)  CM  2153   88 

3^4   , 

5 

S77.035 

104  llf4 

5 

1159.124 

120    8H 

>  STMII,  80 

6?*  ' 

6 

881.415 

105    2^ 

6 

1164.159 

120  IIH 

':  HieTSa   8D 

9^2 

7 

885.804 

105    6 

7 

1160.202 

121    2H 

1    €13.4235   90 

*i  , 

8 

89U.206 

105    9H 

8 

1174.259 

121    5H 

(.  C&.1S21    90 

3^4 

9 

884.619 

106      M 

9 

1179.327 

121    8^4 

1    CS.iMtS,  90 

6-i  1 

10 

899.041 

106    3^^ 

10 

1184.403 

121  IVA 

:    Gi.73    {  90  ll.^i 

11 

903.476 

106    6^ 

11 

1189.493 

122    3H 

1 ,  MO  JSU!  91 

Ul' 

34    0 

907.922 

106    9^4 

39    0 

1194.593 

122    6V4 

\  m^xw  91 

43s   1 

1 

912.377 

107      J^i 

1 

1199.719 

122    9^^ 

l!  I6B.I3I6   91 

7»i 

2 

916.844 

107    4 

2 

1204.824 

123      H 

I,cn.99e7|  91 

10i» 

3 

921.323 

107    l\i 

3 

1209.958 

123    ZH 

1 ,  C3  ?»15   92 

1^4 

4 

923.810 

107  lOH 

4 

1215.099 

123    6)4 

f    CI  <775   92 

4Ti5 

5 

930.311 

108    IH 

5 

1220.254 

123    %li 

1'  «3  «I3    92 

8ii  ' 

6 

934.822 

108   4H 

6 

1225.420 

124    IH 

r    fi7  359S:  92 

ll^i 

7 

939.342 

108   m 

7 

1230.594 

124    41.4 

1   Visas  93 

2H 

8 

943.875 

108  WA 

8 

1235.782 

124    IH 

1    665.1028    93 

515 

9 

948.419 

109    2 

9 

1240.981 

124  101^ 

i  -  $».{)»;:  93 

8-H  1 

10 

952.972 

109    5H 

10 

1246.188 

125    IH 

['  njs.«rr;  93 

11-i 

11 

957.538 

109    8H 

11 

1251.408 

125    4^4 

»  :«89     94 

2li 

35    0 

962.115 

109  ll^i 

40    0 

1256.64 

125    7H 

I ;  710.791    94 

6       1 

1 

966.770 

110    2^.i< 

1 

1261.879 

125  11 

1'  TU.735 

94 

9^i   ' 

2 

971.299 

110    5^4 

2 

1267.133 

126    21-4 

w  ns.» 

9S 

?«  ,' 

3 

975.908 

110    8H 

3 

1272.397 

126    5H 

i  ;2.6»i 

9t5 

3'2 

4 

960.526 

111    0 

4 

1277.669 

126    81^ 

t    7»  631 

95 

6*s 

5 

985.158 

111    3H 

5 

1282.955 

126  IIH 

t  r^i.sis 

95 

9^4  , 

6 

989.803 

111  m 

6 

1288.252 

127    234 

^*  7«.n5 

9« 

u\ 

7 

994.451 

111    9H 

7 

1293.557 

127    5H 

Ij  nstM     96 

4 

8 

999.115 

112      H'l 

8 

1298.878 

127    9 

11  T42.M5 

96 

7H 

9  i 1003. 79 

112    3^4  1 

9 

1304.206 

128      H 

1  c  :4€.fl74 

96  103»  <| 

10   1008.473 

112    6^^ 

10 

1309.543 

128    336 

t    7».716 

97 

^y- 

11 

1013.170 

112  10 

li 

1314.895 

128    6}^ 

\    7M.7« 

97 

4U 

36    0 

1017.878 

113  m 

41    0 

1320.257 

128    9S6 

^;  755.S31      97 

7^4 

1    1022. 5W 

113    4H 

1 

1325.628 

129      34 

1    7S2.906  ,  »7  lO^i 

2   1027.324 

113    7H 

2 

1331.012 

129    Z% 

\    TM  992  i  98 

2      ' 

3    1032.064 

113  10^6 

3 

1336.407 

129    7 

^j  7ri.0»  i  96 

5H  ' 

4    1036.813 

114      1?4 

4 

1341.810 

129  10!^ 

i    773.191 

'98 

8^s  1 

5    1041.576 

114    4^s 

5 

1347.227 

130    IH 

1    719.313 

$6  llli  f 

6   1046.349 

114    8 

6 

1352.655 

130    41^ 

79.440  '  99 

2H  ! 

7  11051.130 

114  IIH 

7 

1358.091 

130    7H 

:S7.»1  ,  99 

5?4    ' 

8   1055.926 

115    2M 

8 

1363.541 

130  lOv'4 

711.732     99 

83^ 

9 

1060.731 

115    5?i| 

9 

1369.001 

131    IH 

i    7IS  §92    100 

1 1  «9.(«»    100 

j 

0 

10 

1065.546 

115    9H 

10 

1374.47 

131    5 

3H  j 

11 

1070.374 

115  im 

11 

1379.952 

131    8H 

1 ,  8M.2$     100 

6H 

37    0 

1075.2126 

116    2H 

42    0 

1385.446 

131  WH 

808.4ti 

100 

9H 

1    1060.059 

116    6 

1 

1390.247 

132    2Vi 

!  812.648 

101 

H 

2   1084.920 

116    9^ 

2 

1396.462 

132    5H 

816.86 

101 

3^4 

3   1089.791 

117      M 

3 

1401.988 

132    834 

821.090    101 

6?i 

4    1094.671 

117  zy^ 

4 

1407.522 

132  11^ 

lSB.329    101 

10 

5    1099.564 

117    m 

5 

1413.07 

133    3 

8S.579    102 

IH 

6   1104.469 

117    9H 

6 

1418.629 

133    6V4 

S33.837 

102 

AH 

7    1109.381 

118      ^4' 

7 

1424.195 

133    9U 

83S.106 

102 

7>4 

8    1114.307 

118    4 

8 

1429.776 

134      \i 

*  SI2.»1 

102  lOH  1 

9 

1119.244 

118    1% 

9 

1435.367 

134    3H 

m  681  ilQS 

1>4 

10 

1124.189 

118  10V4 

10 

1440.967 

134    6^4 

950  965  !103 

4j;i 

11 

1129.148 

119   ih! 

11 

1446.580 

134   g-^i 

M L_ 

1 

1 
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Geometry  and  Mensuration 


CircunfereacM  of  Circlet 

Advandng  by  dghtht 

Dia. 
0 

0.0 

o.i 

O.i 

O.I 

O.J 

o.f 

0.} 

O.i 

0.0 

0.3927 

0.7  Jo  1 

1.178 

1.570 

1.963 

2.356 

2.748 

1 

3.141 

3.534 

3.027 

4.310 

4.712 

5.105 

5.497 

5.800 

2 

6.283 

6.675 

7.033 

7.401 

7.854 

8.2:6 

8.639 

9.032 

3 

9.424 

9.S17 

10.21 

10.60 

10.99 

11.38 

11.78 

12.17 

4 

12.56 

12.95 

13.35 

13.74 

14.13 

U.52 

14.92 

15.31 

5 

15.70 

16.10 

16.19 

10.SS 

17.27 

17.07 

18.06 

18.45 

6 

18.84 

19.24 

19.03 

20.02 

20.42 

20.81 

21.20 

21.5i 

7 

21.99 

22.35 

22.77 

23.16 

23.56 

23.95 

24.34 

24.7^ 

8 

25.13 

25.52 

25.91 

26.31 

26.70 

27.09 

27.48 

27.Si 

9 

2S.27 

2S.6a 

23.03 

23.45 

29.84 

30.23 

30.63 

31. (M 

10 

31.41 

31.80 

32.20 

32.53 

32.98 

33.37 

33.77 

34.1( 

11 

31.55 

31.95 

35.34 

35.73 

36.12 

36.52 

36.91 

37.3( 

12 

37.09 

3<^.03 

33.4S 

31.S7 

39.27 

39.66 

40.05 

40.4^ 

13 

40.84 

41.23 

41.62 

42.01 

42.41 

42.S0 

43.19 

43.« 

14 

43.9S 

44.37 

44.76 

45.16 

45.55 

45.94 

46.33 

46.7J 

15 

47.12 

47.51 

47.90 

48.30 

48.6'J 

49.08 

49.48 

49.s: 

in 

50.20 

50.65 

51.05 

51.44 

51.83 

52.22 

52.62 

53.01 

17 

53.10 

53.79 

51.10 

51.5'^ 

51.97 

55.37 

55.76 

5Q.1! 

IS 

50.51 

56.91 

57.33 

57.72 

53.11 

5S.51 

5S.90 

59.2< 

19 

59.69 

60.03 

00.47 

60.3G 

61.20 

61.05 

62.04 

C2.4J 

20 

62.83 

03.22 

63.01 

61.01 

64.40 

64.79 

65.18 

65.5! 

21 

65.97 

66.30 

6-3.75 

67.15 

67.54 

07.93 

08.32 

6S.7! 

23 

69.11 

6D.50 

60.00 

70.20 

70.0'? 

71.07 

71.47 

71 .« 

23 

72.25 

72.64 

r.j.ci 

73.43 

73.82 

74.22 

74.61 

75.01 

21 

75.39 

75.79 

76.1S 

70.57 

76.96 

77.36 

77.75 

7S.1' 

25 

78.54 

78.03 

79.32 

70.71 

80.10 

80.50 

80.89 

81.21 

26 

81.68 

82.07 

82.46 

82.85 

83.25 

.  83,04 

84.03 

84.4 

27 

84.82 

85.21 

S5.00 

80.00 

86..39 

86.78 

87.17 

87.5 

2? 

87.98 

S8.35 

S8.75 

89.14 

89.53 

89.92 

90.32 

90.7 

29 

91.10 

91.49 

91.S9 

92.2S 

92.67 

93.06 

93.46 

93.R 

30 

94.24 

91.64 

95.03 

95.42 

95.S1 

96.21 

96.60 

96.9 

31 

97.39 

97.78 

9<?.1V 

0S.57 

98.96 

99.35 

99.75 

100.1 

32 

100.53 

100.92 

101.32 

101.71 

10?.10 

102.49 

102.89 

103.2 

33 

103.67 

104.07 

lOt.lG 

lOt.85 

105.24 

105.64 

106.03 

106.4 

34 

106.81 

107.21 

107.00 

107.90 

10S.39 

10S.78 

109.17 

lOO..*! 

33 

109.96 

110..3O 

110.74 

111.13 

111.53 

111.92 

112.31 

112.7 

35 

113.10 

113.49 

113.8S 

114.2S 

114.67 

115.06 

115.45 

115.i 

87 

110.24 

116.63 

117.02 

117.42 

117.81 

118.20 

118.60 

118.J 

^S 

119.38 

119.77 

120.17 

120.5'') 

120.95 

121.34 

121.74 

122.1 

33 

122.52 

122.92 

123.31 

123.70 

124.00 

124.49 

124.88 

125.1 

40 

125.00 

126.06 

126.45 

126.84 

127.24 

127.63 

128.02 

128.^ 

41 

128.S1 

129.20 

129.59 

129.9S 

1,^0.38 

130.77 

131.16 

1S1.1 

12 

131.95 

132.34 

132.73 

133.13 

133.52 

133.91 

134.30 

l.n.1 

43 

135.09 

135.48 

135.«7 

136.27 

!3''..66 

137.05 

137.45 

137J 

44 

138.23 

138.62 

139.02 

139.41 

139.80 

140.19 

140.59 

140.J 

45 

141.37 

141.70 

142.16 

142.55 

1(2  94 

143.34 

143.73 

144, 

a 

SU    L«DK1b« 

m^ 

L..ph. 

HM 

«r.etb> 

Sl' 

s 

»u  iloioit 

.123 

.124 

■Si 

;ilt 

■^ 

:  46 

IwMC 

Jf.l     l.OIOiS 

.12s 

.1&8 

IWOM 

.47 

■l.MW 

.187 

.OMHD 

ii[<n!: 

';an:o 

.0  103 

:  2s 

:o43:3 

■.1S9 

!2S0 

:iniii 

j>* 

Xt  32S 

.  M 

.04230 

.190 

.0P31W 

,  51 

DJBi: 

.0  2M 

.191 

.09461 

„52 

.253 

iiDL-: 

lo  33S 

1  33 

:W5K4 

'mou 

iwi: 

OTa 

.0  ?,76 

.  33 

.04M2 

.03752 

:35 

JKJ 

.n9«o 

.  ,iB 

!l>l7(i2 

.257 

:<i7i 

:o  !03 

.MS02 

JOtMS 

,  58 

')A*i 

."Te 

.r>4933 

.IPS 

.10147 

jaa 

i«IM 

.10247 

:■>■!:' 

'.n  n|4 

:  39 

!aio:s 

jfli 

:i.»»7 

.o 

.0  fi.-,r. 

.  40 

.0S117 

.:oi 

:i0447 

.■xs 

'im~: 

J3  ■  9< 

.OSKO 

.:f2 

.10S4S 

J!fa 

IINMOJ 

.0  741 

I  43 

l:mn 

xtd 

.n  7.S4 

.  43 

:03367 

:io4 

!t0752 

IM 

.0S2S 

.  44 

.0M41 

.205 

.lOf.15 

.200 

'•ir'» 

.<M 

.0  172 

.05616 

.rcc 

■  <*■'!■! 

.267 

JKS 

.0  916 

'.  49 

.(0201 

h'mK 

JM 

JiMl 

:*7 

.05GG7 

'.m 

:  iirs 

.2r9 

,05743 

^a> 

.  i2ni 

il° 

['.m% 

•M 

.  J(I52 

.OMin 

Jin 

■  'f ■* 

■I.-WID 

.(H) 

.02(MS 

'.  M 

.11 

vw:? 

Jt^ 

J)214B 

:si 

.21 

1  laeM) 

.(HIM 

.11 

.  irpo 

[IKS'. 

2] 

.  170:i 

'.("3 

!o>2S9 

iiM 

.21 

li.fftM 

.1.55 

'.oi^'Ji 

.21 

:i2011 

JJ-7 

1  wo: 

.21 

.I21IR 

.?7,t 

!ovi 

!CC140 

!l57 

.21 

.12225 

.270 

.wi: 

,(e4!>i 

.IS« 

.21 

:oc.i»2 

JM 

loTOll 

J!2 

:2si 

mM 

.0MD.7 

.22 

.I2SH 

.282 

1  .m« 

!iflo 

'.■Kr.W 

!l61 

.00775 

.522 

.283 

■  1  an2' 

.O-.'iiW 

.l«2 

.22 

!  jw: 

.027.12 

.163 

ioooii 

.224 

J.TJ 

.0702.^ 

.22; 

.289 

.DHK 

.!W 

I'wS'oti 

.07100 

iaiOK 

.?S7 

nmv. 

.105 

wau 

1)69 

!m7 

.W  \  i.fiOTTO 

.lfl7 

:0727fl 

.la:    i-owafl 

.ie*< 

.CTMS 

.344 

J!»0 

i-Ofis; 

Ads  1 1.03OS2 

.07451 

..15,1 

iKi: 

.0:11 33 

'1:0 

.  3(i7 

.0:11^01 

.171 

:07il?l 

.293 

1 

.rftfl 

!ii: 

.172 

.'17711 
.0;71I9 

^ 

;  390 

.291 
J95 

1 

!(  " 

:i74 

.07S.«S 

J!90 

1 

!n' 

.17.1 

.07977 

.23^ 

J»7 

JJlhf 

.11: 

1      1 

.IWIW 

.237 

.  43rtS 

J!9S 

1 

IJM 

.ll« 

.  4110 

.11 

ATi 

:239 

i!(nii 

.11 

.m 

.140 

:  47  4 

.301 

.11 

.!« 

,241 

.4SJ2 

.302 

1 

.0X519 
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■'ivw 

'.li 
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.{fiflll 

JtOI 
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.n»704 
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Arets  and  Circumferences  of  Cirdes  (Coatintted) 

Diam., 

Area, 

Circum., 

Diam., 

Area, 

Cireuxn., 

1 
iDiam., 

Area, 

Oircx 

ft  in 

sqft 

ft    in    , 

ft  in 

aqft 

ft    in 

ft  in 

sqft 

ft 

13    0 

132.7320{  40  10      1 

18   0 

254.4096'  56    6H 

23    0 

415.4766 

72 

1 

134.4391 

41    IH 

1 

256.8303   56    9^i 

1 

418.4915 

72 

2 

136.1574 

41    4H 

2 

259.2033 

57     M  \ 

2 

421.5192 

72 

3 

137.8867 

41    VA 

3 

261.5872 

57    4      1 

3 

424.5577 

73 

4 

139.626 

41  lO^i 

4 

263.9807   57    7Vi 

4 

427.6055 

71 

5 

141.3771 

42    l^i  ! 

5 

266.3864   57  lOU 

5 

430.6658 

73 

6 

143.1391 

42    4H 

6 

268.8031 

58    IH 

6 

433.7371 

78 

7 

144.9111 

42    8 

7 

271.2293 

58    AVi 

7 

436.8175 

74 

8 

146.6949   42  UH 

8 

273.6878 

58    7H 

8 

439.9106 

74 

9 

148.4896;  43    2M 

9 

276.1171 

58  10^4  ■ 

9 

443.0146 

74 

10 

150.2943 

43    51-^  ' 

10 

278.6761 

59    2 

10 

446.1278 

74  1 

11 

152.1109 

43    8H  . 

11 

281.0472 

59    5H 

11 

449.2536 

75 

14    0 

153.9384 

43  11^4  1 

19    0 

283.5294 

59    8M 

24    0 

452.3904 

76 

1 

155.7758:  44    2l8  1 

1 

286.021 

59  111^ 

1 

455.5362 

75 

2 

157.625 

44    6 

2 

288.5249 

60    2»6 

2 

458.6948 

75  1 

3 

159.4852 

44    9ii 

3 

291.0397.  60    6^6 

3 

461.8642 

76 

4 

161.3553 

45      Vk 

4 

293.56411  60    B^l 

4 

466.0428 

76 

5 

163.2373:  45    3}^ 

5 

296.1107:  60  11T6 

5 

468.2341 

76 

6 

163.1303   45    6H  < 

6 

296.6483 

61    3>i 

6 

4n.4363 

76  1 

1 

167.0331    45    9^4  ! 

301.2064 

61    6»4 

7 

474.6476 

77 

8 

168.9479 

46      7| 

8 

303.7747 

61    9H 

8 

477.8716 

77 

9 

170.8735 

46    4 

9 

306.355 

62      1^  , 

9 

481.1065 

77 

10 

172.8091 

46    7H 

10 

306.9448   62    3H  1 

10 

484.3506 

78 

11 

174.7565 

46  \\M 

11 

311.5469 

62    6^4 

11 

4S7.6073 

78 

15    0 

176.715 

47    W'l 

20    0 

314.16 

62    9H 

25    0 

490.875 

78 

1 

178.6832 

47    4H 

1 

316.7824    63    U6 

1 

494.1516 

78 

2 

180.6634 

47    IH 

2 

319.4173    63    414 

2 

407.4411 

79 

3 

182.6545 

47  10-^ 

3 
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Circular  Arcs 

To  find,  by  the  followin;  table,  the  length  of  a  circular  arc  when  Its  ^ 
height,  or  versed  sine  is  given.  j 

Rule.  Divide  the  height  by  the  chord;  find  in  the  column  of  hi 
number  equal  to  this  quotient;  take  out  the  corresponding  numberl 
column  of  lengths;  and  multiply  this  number  by  the  given  chord.         ^ 

Example.  The  chord  of  an  arc  is  80  and  its  versed  sine  is  30.  W 
length  of  the  arc? 

Solution.  304-  80  »  0.375.  The  length  of  an  arc  for  a  height  of 
from  table,  x. 34063.    80 X  1.34063  »  107.2504  -  length  of  arc 
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.395 

1.37455 

.434 

1.44405 

.318 

1.25005 

.357 

1.31115 

.396 

1.37623 

.435 

1.445.i« 

.319 

1.25243 

.358 

1.31276 

.397 

1.37801 

.436 

1.44773 

.320 

1.25391 

.359 

1.31437 

.398 

1.37974 

.437 

1.44957 

.321 

1.25540 

.360 

1.31599 

.399 

1.38148 

.438 

1.45142 

.322 

1.256S9 

.301 

1.31761 

.400 

1.38322 

.439 

1.45327 

.3?3 

1.25?38 

.362 

1.31928 

.401 

1.38496 

.440 

l.<5512 

.324 

1.2598S 

.363 

l.?2086 

.402 

1.38671 

.441 

1.45097 

.325 

1.26138 

.364 

1.3221Q 

.403 

1.38846 

.442 

1.45883 

.320 

1.26288 

.365 

1.32413 

.404 

1.39021 

.143 

1.46069 

.327 

1.26437 

.366 

1.32577 

.405 

1.39196 

.444 

1.16255 

.328 

1.26588 

.307 

1.32741 

.406 

1.39372 

.445 

1.46441 

.329 

1.26740 

.368 

1.32905 

.407 

1.39548 

.446 

1.4662S 

.330 

1.26892 

.3(59 

1.33069 

.408 

1.39724 

.447 

1.46815 

.331 

1.27044 

.370 

1.33234 

.409 

1.39900 

.448 

1.47002 

.332 

1.27196 

.371 

1.33399 

.410 

1.40077 

.449 

1.471S9 

.333 

1.27349 

.372 

1.33564 

.411 

1.40251 

.450 

1.4737V 

.334 

1.27502 

.373 

1.33730 

.412 

1.40432 

.451 

1.47565 

.335 

1.27656 

.374 

1.33S96 

.413 

1.40310 

.452 

1.47753 

.336 

1.27810 

.375 

1.34003 

.414 

1.40788 

.453 

1.47942 

.337 

1.27904 

.376 

1.34229 

.415 

1.40966 

.454 

1.48131 

.333 

1.28118 

.377 

1.34396 

.416 

1.41145 

.455 

1.4S320 

.339 

1.28273 

.378 

1.34563 

.417 

1.41324 

.456 

1.4X509 

.340 

1.28428 

.379 

1.34731 

.418 

1.41503 

.457 

1.48609 

.341 

1.28583 

.380 

1.34899 

.419 

1.41682 

.458 

1.48S89 

.342 

1.P8739 

.381 

1.3506S 

.420 

1.41861 

.4.50 

1.40079 

.343 

1.28895 

.382 

1.35237 

.421 

1.42041 

.460 

1.49269 

.344 

1.29052 

.383 

1.35406 

.422 

1.42221 

.461 

1.49400 

Hts 


.462 
.403 
.404 
.405 
.46cJ 
.407 
.408 
.4fS9 
.470 
.471 
.472 
.473 
.474 
.475 
.470 
.477 
.478 
.479 
.480 
.481 
.482 
.483 
.484 
.485 
.480 
.487 
.488 
.48ft 
.490 
.491 
.492 
.493 
.494 
.495 
.496 
.497 
.49<l 
.499 
.500 


Table  of  Lengths  of  Circular  Arcs  whose  Radius  is   i 

Rule.  Knowing  the  measure  of  the  circle  and  the  measure  of  the  arc  in 
minutes  and  seconds;  take  from  the  table  the  lengths  opposite  the  nu 
degrees,  minutes  and  seconds  in  the  arc,  and  multiply  their  sum  by  the  i 
the  circle. 

Example.  What  is  the  length  of  an  arc  subtending  an  angle  of  z^ 
mth  a  radius  of  8  ft. 

Solution.     Length  for  13^  —  0.2268928 

27'  -»  0.0078540 
8" -0^0000388 

13*27'  8"- 0.2347856 
8 

Length  of  arc   -  i .  8782848  ft 


Table  of  Cixcular  Axes 


IcBfChs  of  Circalar  Arcs.    lUdiits  »  t 


r     Uagth 

Min 

Length. 

peg 

Jiength 

Deg 

Lengtb 

i     0  0fXnO48 

1 

0.0002909 

1 

0.0174533 

61 

1.06409( 

1     •  «ta0097 

2 

0.0005818 

2 

0.0349066 

62 

1.082104 

1     9  <B00U5 

3 

0.0008727 

3 

0.0523590 

63 

1.099501 

(     (J-0W0194 

4 

O.0U11G36 

4 

0.0698132 

64 

1.1 17011 

1     C  iW0P242 

5 

0.0014544 

5 

0.0872605 

65 

1.131464 

1  i  9.00(0291 

6 

0.0017453 

6 

0. 1047108 

66 

1.161911 

r     #  O0CO339 

7 

0.0020362 

7 

0.1221730 

67 

1.169371 

1  ,  •.axosss 

8 

0.0023271 

8 

0.1396263 

68 

1.18682] 

»  !  e.(noaa6 

9 

0.0026180 

0 

0.1570796 

09 

1.204371 

I     O.tfttMM^ 

10 

0.0029089 

10 

0.1745329 

70 

1.22173$ 

1  !  G.O0QO533 

11 

0.0031908 

11 

0.1010862 

71 

1.23018] 

t  ,  O.OOOf^'^2 

12 

0.0034907 

12 

0.2094:f95 

72 

1.25663; 

I    o.doa»30 

13 

0.0037815 

13 

0.2268928 

73 

1.27409( 
1.291541 

1    o.«ioix79 

14 

0.0040724 

14 

0.2443461 

74 

I  1  a.  00017727 

15 

0.0043C33 

15 

0.2617994 

75 

1.30899< 

1  '  0  0000776 

t    o.erw<24 

16 

0.004U.W2 

16 

0.2792527 

76 

1.32646( 

17 

0.0049451 

17 

0.2967060 

77 

1.343901 

1     0.00COK73 

IS 

0.0052360 

18 

0.8141593 

78 

1.36136< 

1     0  CO0O921 

19 

0.0055269 

19 

0.3316126 

79 

1.37S81( 

1     0.0000970 

20 

0.0058178 

20 

0.3490059 

80 

1.896262 

t  '  0.0001015 

21 

0.0061087 

21 

0.3665191 

81 

1.41371( 

1     0.O0O1067 

22 

0.00G3W5 

22 

0.3839724 

82 

1.431 I7( 

1     0. 0001115 

23 

0.0066904 

23 

0.4014257 

83 

1.448622 

1     fe.OOCillM 
1     0.0001212 

24 

0.0060^13 

24 

0.4188790 

84 

1.46607( 

25 

0.0072722 

25 

0.4363323 

85 

1. 483521 

H  ;  o.oooi2t:.i 

2n 

0.0075631 

26 

0.4537856 

86 

1.500982 

f     00001309 

27 

0.0078540 

27 

0.4712389 

87 

1.51843^ 

1     ». 0001257 
1  :  0  00014(» 

28 

0.0081449 

28 

0.4886922 

88 

1.535881 

29 

0.0084358 

29 

0.5061455 

89 

1.553342 

1  ;  e.00014M 

30 

0.00872C6 

30 

0.5236988 

90 

1.57079C 

1     0.0001503 

31 

0.0090175 

31 

0  5410521 

01 

1.58824f 

1  1  0. 0001551 

22 

0.0093084 

32 

0.55.8.5054 

92 

1.605702 

1      0  OOPlrJOO 

33 

0.0095003 

33 

0.5759.')87 

08 

1.62315^ 

1     0.0001648 

1    o.onoifjpT 

S4 

0.0098902 

34 

0.5934119 

94 

1.6406W 

35 

0.0101811 

35 

0.6108652 

95 

1.65800^ 

1     0.0001745 

3ii 

O.01OJ720 

36 

0.6283185 

96 

1.67.'V51( 

F     00001794 

37 

0.0107629 

87 

0.6157718 

97 

1.6929')S 

1  ,  O.QOniM2 

38 

0.0110538 

38 

0.6C32251 

98 

1.71042; 

1     0  OOfilSOl 

39 

0.0113446 

39 

0.6806784 

99 

1. 727871 

•     0.0001939 

40 

0.0116355 

40 

0.6081317 

100 

1.74532( 

1  '  0.G001ORS 

41 

0.0119264 

41 

0.7155850 

101 

1.76278; 

e     0n002O3fi 

42 

0.0122173 

42 

0.7330383 

102 

1.78023^ 

1  1  0.00O2(tv5 

43 

0.0125082 

43 

0.7504916 

103 

1 .  797c>8f 

II     0.0002133 

44 

0.0127991 

44 

0.7679449 

104 

1.815145 

1     C  00021. ■!2 

45 

0.0130900 

45 

0.7853982 

105 

1  83259! 

B     0  tlOr)2230 

46 

O.Qi  33809 

40 

0.8028515 

106 

1.85004J 

C     0.0002279 

47 

0.0136717 

47 

0.8203047 

107 

1.867501; 

1*    0  ooodr:e7 

4S 

0.0130626 

48 

0.8377580 

108 

1.88495! 

•     0  (•tn2.17« 

49 

0.0142535 

49 

0.8552113 

100 

1.9024W 

M  1  0.00Q2S24 

50 

0.0145444 

50 

0.8726646 

110 

1. 919865 

»  ;  0.000?473 

51 

0.0148353 

51 

0.8901179 

111 

1.93731! 

fc  1  0. 0002521 

52 

0.01512*32 

52 

0.9075712 

112 

1.95476> 

B  '  O.0rj02570 

53 

O.G154171 

53 

0.9250245 

113 

1.972225 

H     0.00('2r»18 

54 

0.0157080 

54 

0.9424778 

114 

1.980G7! 

B     O.OU0266G 

55 

0.0159989 

55 

0.9599311 

115 

2.00712^ 

»     0.0OO2715 

56 

0.0162897 

56 

0.9773844 

116 

2.021.581 

ST  '  0.O0O27W 

57 

0.0165806 

57 

0.9948377 

117 

2. 04  203! 

B  ,  0.0002^12 

58 

0.0168715 

58 

1.0122910 

118 

2.069JS> 

B  1  0.00O286O 

50 

0.0171624 

59 

1.0297443 

119 

2.070941 

•    0.0002909 

1 

60 

0.0174533 

60 

J. 0471976 

120 

2.09439! 
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To  compote  the  chord  of  a&  arc  when  the  chord  of  half  the  arc  and  the 
sine  are  given. 

(The  versed  sine  is  the  perpendicular  bo.  Fig. 
Rule.    From  the  square  of  the  chord  of  half  1 
subtract  the  square  of  the  versed  sine,  and  take 
y  ^-     the  square  root  of  the  remainder. 

F'      32      C*     1      Ar         Examiile.    The  chord  of  half  the  arc  is  60,  a 
Chord  and  lUac       '    versed  sine  36.    What  is  the  length  of  the  chord 

arc?  

Solution.    60*  —  36'  -  2  304;    V2304  *  48;  and  48  X  2  »  96,  the  choi 

To  compute  the  chord  of  an  arc  when  the  diameter  and  verted  sine  are  p^ 

Multiply  the  versed  ^iie'by  2  and  subtract  the  [product  ffom  the^dia 
then  subtract  the  square  of  the  remainder  from  the  square  of  the  diamet 
take  the  square  root  of  that  remainder. 

Example.  The  diameter  of  a  circle  is  100  and  the  versed  sine  of  an  '. 
What  is  the  chord  of  the  arc?  

Solution.  36  X  2 «»  72;  100  —  72  *•  28;  ioo«  —  28*  «  9  216;  V9  aii 
the  chord  of  the  arc. 

To  compute  the  chord  of  half  an  axe  when  the  chord  of  the  arc  and  the 
itine  are  given. 

Rule.  Take  the  square  root  of  the  sum  of  the  squares  of  the  versed  sii 
of  half  the  chord  of  the  arc. 

Example.  The  chord  of  an  arc  is  96  and  the  versed  sine  36.  What  is  the 
of  half  the  arc? 

Solution.     V^e*  +  48'  -  60. 

To  compute  the  chord  of  half  an  arc  when  the  diameter  and  versed  ■! 
given. 

Rule.  Multiply  the  diameter  by  the  versed  sine  and  take  the  squai 
of  their  product. 

To  compute  a  diameter. 

Rule  X.    Divide  the  square  of  the  chc^d  of  half  the  arc  by  the  versed  si 

Rule  2.  Add  the  square  of  half  the  chord  of  the  arc  to  the  square 
versed  sine  and  divide  this  sum  by  the  versed  sine. 

Example.  What  is  the  radius  of  an  arc  whose  chord  is  96  and  whose 
sine  is  36? 

Solution.  48*  +  36*  ="  3  600;  3  600  +  36  —  100,  the  diameter;  and  the 
-  50- 

To  compute  the  versed  sine. 

Rule.    Divide  the  square  of  the  chord  of  half  the  arc  by  the  diameter. 

To  compute  the  versed  sine  when  the  chord  of  the  arc  and  the  diamet 
given. 

Rule.  From  the  square  of  the  diameter  subtract  the  square  of  the 
and  extract  the  square  root  of  the  remainder;  subtract  this  root  from  the 
eter  and  halve  the  remainder. 

To  compute  the  length  of  an  arc  of  a  circle  when  the  number  of  degree 
the  radius  are  given. 

Rule  X.  Multiply  the  number  of  -degrees  in  the  arc  by  3.1416  multipli 
the  radius  and  divide  by  180.  The  result  will  be  the  length  of  the  arc  i 
same  unit  as  the  radius. 
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&  Uald|4y  the  radius  of  the  ciicle  by  0.01745  and  the  product  by  the 

iatfaevc 

The  niunber  of  degrees  in  an  arc  is  60  and  the  radius  is  10  in. 
the  length  of  the  arc  in  inches? 

10X3.1416x60- 1884.96;    and  1884.96  +  180  -  10.47  in.     Or, 
745X60-  io-»7  in. 

■vpote  the  kagth  of  tfao  arc  of  a  drde  when  the  length  is  given  in  de- 

Ml  (i)  Multiply  the  number  of  degrees  by  0.01745339  and  the  product 
^nE&s.  (2)  Multiply  the  number  of  minutes  by  0.00029  and  that  prod- 
ikf  tk  Fsifins.  (3)  Multiply  the  number  of  seconds  by  0.0000048  times 
aSm.  (4)  Add  together  these  three  results  for  the  length  of  the  arc 
labe^Uiife^page  57.) 

Yihal  is  the  length  of  an  arc  of  60°  xo'  5",  the  radius  being  4  ft? 

(i)  6o'  X  C.01 745329  X  4  -  4.188789  ft 
(2)  10'  X  0.00C29        X  4  -  o.oi  16     ft 

b)  s"  X  0.0000C48  X  4  —  0.000096  ft 

{4)  The  length  of  the  arc  -  4.200485  ft 

the  arc*  of  a  aeetor  of  a  drde  when  the  degrees  of  the  arc  and 

■daiiregiveo  (Fig.  SS). 

Ik  degrees  of  the  arc  are  the  same  as  the  angle  aob.) 

Uk   Multiply  the  number  of  degrees  in  the  arc  by 
>CB  of  the  whole  circle  and  divide  by  360. 

kMfle.   ^liat  is  the  area  of  a  sector  of  a  circle  whose 
b  B  5  aad  length  of  arc  60^ 

Area   of    circle  —  10  X  10  X  0.7854-  78.54 


78.5X60 
B;  ixea  of  sector  —  — —  —  13.09 

iMe.   If  the  length  of  the  arc  is  given  in  degrees  and 

OB,  reduce  it  to  minutes^  multiply  by  the  area  of  the  whole  circle  and  divide 

a  60a 

^oBfate  Am  area  of  a  sector  of  a  cirde  when  the  length  of  the  arc  and 
ampTca. 

it.  Multiply  the  length  of  the  arc  by  half  the  length  of  the  radius.  The 
kt  is  the  area. 

^OBpote  the  area  of  a  segment  of  a  drde  when  the  chord  and  versed  sine 
■  tn  ud  the  ladtns  or  diameter  of  the  drde  are  given. 

k  versed  sine  is  the  distance  cd.  Fig.  33.) 

k  f.  When  die  segment  is  less  than  a  semidrde.  (x)  Find  the  area  of 
Ktor  having  the  same  arc  as  the  segment.  (2)  Find  the  area  of  a  triangle 
li  by  the  chord  of  the  segment  and  the  radii  of  the  sector.  (3)  Take  the 
ma  of  these  areas. 

h  a.  When  the  segment  is  greater  than  a  semidrde.  Find,  by  the  pre- 
I  rale;  the  area  of  the  lesser  portion  of  the  drcle  and  subtract  it  from  the 
d  die  whole  drde.    The  remainder  will  be  the  area. 

die  area  of  ih»  ttoface  of  a  s^ere. 

Multiply  the  diameter  by  the  drcumference.    The  product  will  be 
of  the  surface. 


00 


Geometiy  and  Mensuration 


Bxunpld.    What  Is  the  area  of  the  surface  of  a  sphere  lo  in  in  <iiaii 

Soltttion.    Circumference  of  sphere-  loX  3. I4i6«"  31.416  in;     zo 
-i  314.16  sq  in,  the  area  of  surface  of  sphere. 

To  compute  the  total  area  of  the  aoxface  of  a  sesment  of  a  sithere. 

Rule.    Multiply  the  height  {be,  Fig.  34)  by  the  circumference  of  til 

and  add  the  product  to  the 
area  of  the  base. 
To  find  the  area  of  the 
^d  base,  having  the  diameter 
of  the  sphere  and  the 
length  of  the  versed  sine 
of  the  arc  M,  find  the 
length  of  the  chord  ad  by 
the  rule  on  page  58.  Hav- 
ing, then,  the  length  of  the 
chord  ad  for  the  diameter 
of  the  base,  find  the  area 
of  the  base. 

Example.  The  height,  be,  of  a  segment  abd,  is  36  in,  and  the  diametc 
sphere  is  xoo  in  (Fig.  34).  What  is  the  area  of  the  convex  surface  and  I 
of  the  whole  surface? 

Solution.    100  X  3.1416  »  314.16  in,  the  circumference  of  sphere 

36  X  314.16  «  11309.76  sq  in,  the  area  of  the  convex  surfao 
100-  (36X2)  -  28 

Vioo*  -  28«  -  96,  the  chord  ad 

96*  X  0.7854  =«  7238.2464  sq  in,  the  area  of  the  base 

11309.76  +  7238.2464  »  18548.0064  sq  in,  the  total  axea 

To  compute  the  total  area  of  the  surface  of  a  spherical  zone. 

Rule.  Multiply  the  height,  cd  (Fig.  35),  by  the  circumference  of  the 
for  the  convex  surface  and  add  to  it  the  area  of  the  two  ends  for  the  total  a 


Fig.  34. 
Segment  of  Sphere 


^-^.^ 


Fig.  35. 
Zone  of  Sphe 


Spheroids,  or  Ellipsoids  of  Revolution 

Deflnition.  Spheroids,  or  ellipsoids,  are  figures  generated  by  the  rev 
of  a  semiellipse  about  one  of  its  diameters. 

When  the  revolution  is  about  the  long  diameter,  they  are  frolati 
when  it  is  about  the  short  diameter,  they  are  oblate. 

A  PROLATE  SPHEROID  is  approximately  cigar-shaped  and  an  oblate  spi 
is,  in  form,  somewhat  like  a  watch. 

To  compute  the  area  of  the  surface  of  a  spheroid. 
Let  a  -  }^i  the  long  axis;   let  6  •»  >i  the  short  axis; 


let 


a* 


or 


-V¥ 


Then,  the  area  of  the  surpace  op  the  oblate  spheroid 

e 
and  the  area  of  the  surpace  op  the  prolate  spheroid 


2  ira*  -\ log 


\i-tf, 


2  irb*  +  2  TTob 


sin""^  e 


Stuf  aces  and  Sdids 
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^  kA  fofmula,  katukal  logakitiiiis  must  be  used.  The  natural  loga< 
iHTbeabtained  by  mulUplaring  the  oommon  logarithm  by  t.3oa»  The 
taf  the  opRssioQ  sizr~^  e  may  be  determined  by  finding  the  angle  whose 
dI  oe  is  equal  to  e  and  dividing  this  angle  by 

r 

IM.  Akboogh  the  above  formulas  are  compU* 
i  33  Soulier  rales  that  give  correct  results  can  be 

ttmg^  Ike  area  of  fbe  egrface  ol  a  cjliader. 

^  Muldiiiy  the  length  of  the  cylinder  by  the 
■ferace  of  one  of  the  ends  and  add  to  the 
fa  tk  veis  of  the  two  ends. 

icBBpBte  tte  area  of  a  drcolar  ring  (Fig.  M). 

riL  Tod  the  area  of  both  circles  and  subtract  the  area  of  the  smaller  from 
Maoftbelaiger;  the  remainder  will  be  the  area  of  the  ring. 

icHnte  the  area  of  tbe  aarface  of  a  cone. 


Fig.  36.    Circtdar  Ring 


rin  Multiply  the  circumference  of  the  base  by  one-half  the  slant-height 
Hecs  the  cone,  for  the  convex  area.    Add  to  thb  the  area  of  the  base,  for 


The  diameter  of  the  base  of  a  cone  is  3  in  and  the  slant-height  15  in. 
i  B  tlie  axea  of  the  surface  of  the  cone? 

«  circumference  of  base 


3X3.1416 
9^248  X7H 
3  X  3  X  0.7854 


-    94248 
«  70.686  sq  in 
»    7.06S  sq  in 


a-  area  of  convex  surface 
«  area  of  base 


B  d  entire  surface  of  cone  *  77.754  S(^  in 

the  axea  of  the  surface  of  the  frustum  of  a  cone  (Fig.  S7). 

Rale.  Multiply  the  sum  of  the  circumferences  of 
the  two  ends  by  the  slant-height  of  the  f rustiun  and 
divide  by  2,  for  the  area  of  the  convex  surface.  Add 
the  aceas  of  the  two  ends. 

To  compote  the  area  of  the  surface  of  a  pyramid. 

Role.  Multiply  the  perimeter  of  the  base  by  one- 
half  the  slant-height  and  add  to  the  product  the  area 
of  the  base. 

To  compute  the  area  of  the  surface  of  the  frustum  of  a 
pyiamid. 

Rule.  Multiply  the  sum  of  the  perimeters  of  the 
two  ends  by  the  slant-height  of  the  frustum,  halve  the 
product,  and  add  to  the  result  the  areas  of  the  two 
ends. 


P.  Fnutum  of  Cone 


Mensiiration  of  SoUda 

leaapEte  the  vohmie  of  a  prism.    (See  page  38  for  definition  of  a  prism.) 
k.   Multiply  the  area  of  the  base  or  end  by  the  altitude  or  perpendicular 

h. 

iii  rcie  applies  to  prisms  with  bases  or  ends  of  any  shape,  as  long  as  these 
IV  cods  are  parallel. 


Geometry  and  Mauuntion 


DcSnltloa.  A  prismdid  is  a  solid  with  panllel  but  unequal  ends  c 
Uid  witb  quadrilatera]  udcs. 

Rule.  To  the  sum  of  the  sress  of  the  two  ends  or  bases  add  (our  til 
area  of  the  middle  section  parallel  to  them,  and  multiply  this  sum  by  oi 
of  the  altitude  ot  perpendjeulai  beighl. 


Fig,  3S.    QuadiaiwiiUi  Friini<Hd 


Fig.  as.    PHsm  Tninoted  Obtiq 


Area  of  top  • x  lo  -  50  sq  in 

Area  of  bottom  .  •    ■• x  10  -  70  sq  in 

Area  of  middle  section       -  ■ X  10  -  60  sq  in 

(50 +70 +(4X60)1  XH-4Socuin 

I  Hole.    The  length  of    the    end    < 

middle  section   (as  at  mn.  in   Fig. 

'■i+'f 


obliquely. 

Kule.     Multiply  the  area  of  (he  bi 
tbe  aveioge  heisht  of  the  edges. 

Ennple.  What  is  the  volume 
truncated  prism  (Fig.  30)  in  which 
in,/*-  .oln,«-  ioin,«-  11  ta.  dl 
inand/i-8in? 
F«.«.  Wed«e^or^Ri,ht  Tri.ngul«  ^^^^  Area  of  base- 6X  .0 
sqin 
Average  heJeht  of  edges  — —  lO  In 


60X 


-eooci; 


Regular  Polyfaedrona 
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o€  a  w«dce  or  asht  triimgnlar  prism  when  tlM  •aOm  are 

Mddply  the  area  of  one  end  by  the  length  of  the  wedge. 

the  Toiame  of  a  wedge  when  the  ends  are  not  parallel. 

kit  Add  tc^ether  the  lengths  of  the  three  edges,  ab,  cd  and  ef  (Fig.  40); 
liptr  thdr  som  by  the  altitude  or  perpendicular  height  of  the  wedge,  and 
il^tiae  bceadth  of  the  back,  and  divide  the  product  by  6. 

• 

Regular  Polyhedrons 

tfittea.    A  regular  polyhedron  is  a  solid  contained  within  a  certain  num- 

;«  ocuiir  and  equal  plane  faces,  all  of  which  are  equal  regular  polygons. 

thiofvin^  13  a  Ibt  of  aU  the  regular  polyhedrons: 

iC'  T^  TETaAHEDRON,  or  pyramid. 

i^  Tht  HEXAHEDRON,  or  cube,  which  has  six  square  faces. 

|>  The  OCTAHEOROK,  which  has  eight  triangular  faces. 

\i  Tbe  DODECAHEDRON,  whlch  has  twelve  pentagonal  faces. 

p  Tht  KXJSAHEDRON,  which  has  twenty  triangular  faces. 


bcMfste  the  Tohuae  of  a  regular  polyhedron. 

Mr  X.  When  tb^  radius  of  the  circumscribing  sphere  is  given.  Multiply 
c^  cf  tbe  radius  of  the  sphere  by  the  multiplier  opposite  to  the  polyhedron 
rioBB  2  ai  the  foUowing  table. 

*  a.  Wbea  the  ndina  of  the  hiscribed  sphere  is  given.  Multiply  the  cube 
kadius  of  the  inscribed  sphere  by  the  multiplier  opposite  to  the  polyhedron 
iesn  3  of  the  table. 

rii  3.  Whoa  the  area  d  the  stirface  of  the  polyhedron  is  given.  Cube  the 
R  grvTn.  extract  the  square  root,  and  multiply  the  root  by  the  multipliet 
■te  IB  tbe  polyhedron  in  column  4  of  the  table. 


bkfe  of  Vadocs  for 


the  Voliunes  of  Regular  Polyhedrons 


Picaze 

1 

Number 
of  sides 

2 

Factor  for 

volume  by 

radius  of 

eiroumscribing 

sphere 

3 

Factor  for 

volume  by 

radius  of 

inscribed 

circle 

4 

Factor  for 

volume  by 

surface 

tabednoa. ....... 

MWRm 

4 

6 

8 

12 

20 

0.5132 

1.5396 

1.33333 

2.78517 

2.53615 

13.85641 
8.0000 
6.9282 
5.55029 
5.05406 

0.0517 

006804 

0.07311 

0.08169 

0.0856 

aittdioa 

idnltfdroQ 

I  CMBpote  ttie  velnme  of  a  cylinder. 

ria  Multiply  the  area  of  the  base  by  the  altitude  or  length. 

icMspite  dw  volaAe  of  a  cone. 

rii.  Hultipi/  the  area  of  the  base  by  one-third  the  altitude. 

ftoapste  the  vefaune  of  the  frastma  of  a  cone  (Fig.  41). 

Mt  Add  together  the  squares  of  the  diameters  of  the  two  ends  or  bases 
Ithe  pradnct  of  tbe  two  diameters;  multiply  this  sum  by  0.7854,  and  this 
ba  by  the  altitude,  and  then  divide  this  last  product  by  3. 


Geonetry  and  Meumimtion 


] 


KnmpUL    What  B  tbt  voloD 
diuneUi  It  the  bue  uid  j  ia  in  dia. 

S"lo«*™-  5*+3*-34-  3XS-IS-  "5+3- 
the  sum  at  the  tquuvs  of  the  two  diunetus  aid 
the  product  ot  the  diameters  oi  the  cuds.  49  X 
-  38.4846. 

3M846X9.„^^^^g^j„ 
i 
To  computa  the  TOlume  of  ■  pTnmid. 
Role.    Multiply  the  area  of  the  base  by  the  a 
t^  peipendicular  hoght,  and  take  one-third 
product. 

To  coapotc  the  voliune  of  the  fnistnra  of  a  pyn 
RdI*.     Find  the  height  tha.t  the  pyramid  woul 
Fig.H.  FruitumolCone    the  lop  were  put  on,  and  then  compute  the  vol 
the  completed  pyramid  and  the  volume  of    tb 
added;  subtract  the  latter  from  the  former,  and  the  remainder  will  be  the  ■ 
of  the  frustum. 
To  compote  the  Tolune  of  a  apheie. 
Role.     Multiply  (he  cube  of  the  diameter  by  0.5136. 
To  compots  the  lolume  of  a  tefment  of  ■  iphMe. 

Rnl*  t.     To  three  times  the  square  of  the  radiui  ol  iti  base  add  the  sq 
its  height;  multiply  this  sum  by  the  height  and  the  ^^ 

product  by  0.5136. 

Rnla  I.    From  three  times  the  diameter  of  the 

sphere  subtract  twice  the  h^gbt   of  the  segment; 

multiply  this  remainder  by  the  square  of  the  bogbt 

and  the  product  by  0.5136. 

Siampte.    The  segment  of  a  sphere  has  a  radius, 

"'?.  42).  of  7  in  for  its  base,  and  a  height,  cb,  of 


what  is 


1.     (By  Rule  r.)     3X7'-  147.  andH7+  . 
three  times  the  square  of  the  radius  of  the   Fig. 
1    the    square    of    the    height.     163  X  4  X 

0.5136*341-3871    cu    in"  the    volume   < 


/^' 


Effl 


\        diameter 

i'  EI'; 

/     05136- 


Second   Sototloa.     By  the  nile  for  findir 

e  when  a  chonl  and  its 

find  that  the  diameter 

sphere  in  this  case  is  16.15  in;  then,  by  I 

6.15)-  '  ■  ■ 


11.3871 


the    ■ 


segBient. 
To  compate  the  *rivae  of  a  iphorical  iobb. 

Fig.  43.    ZoHol  Sphere  DeflailiDn.    The  part  of  a  sphere  inciucL 

tween  two  parallel  planes  (Fig.  43). 

Role.  To  the  sum  of  the  squares  of  the  radii  ot  the  two  ends  add  ont 
of  the  aquareof  the  height  of  the  zone;  multiply  this  sum  by  the  height  aa 
product  by  i.jjoS. 


I  Figures  of  RcvalutioQ  Mtd  Irregular  Figures  45 

hvpnta  Iha  Tnl— II  of  ■  gnlmta  nllwn^     (Sec  pa«t  60.} 

Ik.  Mnltipty  the  square  of  the  short  oiia  by  the  long  aiis  and  this  product 

Ci^«>  &•  ntmmm  of  u  obtot*  itfmid. 

Ih,  Miltiiilytlieiqusreot  thelonsuiiby  tbesboTt  axkkDd  thIipRxlua 

^oapde  (be  mtoiiH  of  ■  puabolold  si  nralollDa  (Fl(.  U). 

kk.    MidiiTilvtheuaiof  thebase 

tfikiltinde. 

bdBfite  Ifai  nhma  of  ■  hyperbe- 

pHMiM(F«.U). 

Ul    To  Ihe  Ktuaie  of  the  radius 

tbiw  add   tht   square    of   the 
i&unctsr  multiply  this  sum 
^  bdffai  and  Ihe   product  by 

>■■*■■■  Oanhiiiw  of  anj  flfuie    Ind  al  RevoJuti 

enerating  surface  by  the  c 


a  is  level  [Tif.  W). 
Ih.  Dnide  tbe  surface  of  the  ground  to  be  excavated  unia  equal  Kguares 
kc  10  ft  on  a  side,  and  ascertaia  by  means  al  a  level  the  height  of  each 
m,M,t,a.i,t,b,  etc..  above  the  level  to  vhlch  the  ground  is  to  be  excavated. 


r  tbe  beighu  of  all  the  ct 


square  only. 
Next  take  twice  the  sum  of  Ihe 
heights  of  atl  the  comen  that 
come  in  two  squares,  as  (.  t,  b; 
neit  three  times  the  lurn  of  th* 
heights  of  all  the  comers  that 
come  in  three  squares,  as  c.  c,  c; 
and  then  four  times  tbe  >um  of 
Ihe  heights  of  all  Ihe  comers 
that  belong  to  four  squares,  as 
<f.  d.  d,  etc.  Add  together  all 
these  quantities,  and  multiply 
their  sum  by  one-fourth  tbe  area 
of  one  of  the  squares.  The 
result  will  be  the  volume  of  Ihe 
excavation. 
^Me.  L<t  the  plan  of  an  eicavation  for  a  cellar  be  as  shown  in  Pig.  4S, 
ifc  hcitfala  of  each  comer  above  the  proposed  bottcan  of  the  cellar  be  as 
fif  the  BuaibefB  in  tbe  figure.  Then  the  volume  of  the  ccUar  will  be  a« 
bi,  the  am  of  each  xquaic  being  i«X  lo-  100  aq  ft: 
a«ae-Mo(.oo(o'B-l-»fi  +  3i:'s-t-4<i's) 

Tbe d'l  ia  thU  case  -4  +  6  +  3  +  »+ 1  +  7  +  4  •  J7 
ixthesomof  thei'a-»X(3  +  6  +  i  +  4  +  3  +  4)  -  4J 
jXthesum<rfthei's-5X(i  +  J  +  4)  -  Jt 

I  tXlhtsumof  the<fa-4XC>  +  3  +  6+l) 


•  : " 

L 

> 

k  , 

,  i 

" 

Tig.  U.    Pbo  ol  Eiciva 


X  14s  -  3  6: 


14s 


11  It,  tlie  quantity  of  earth  to  be  eacavatad. 
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Geometrical  Problems 


4t.  GEOMETRICAL  PROBLEMS 

Problem  x.    To  bisect,  or  divide  into  equal  parts,  a  given  line,  ab  (Fl| 

From  a  and  b,  with  any  radius  greater  than  half  of  ab,  describe  an 
secting  in  c  and  d.  The  line  cd,  connecting  these  intersections,  will  b 
and  be  perpendicular  to  it. 


X* 


Fig.  47.    Line  Bisected 


y 


d 


Fig.  48.    Perpendicular  from    Fig.   49.      Pcrpt 
Point  to  Given  Line  from  Point  to  Gh 


Problem  a.  To  draw  a  perpendicular  to  a  given  straight  line  from  a  poii 
out  it. 

First  Method  (Pig.  48).  From  the  point  a  describe  an  arc  cutting  t 
be  in  two  places,  as  e  and  /.  From  e  and  /  describe  two  arcs,  with  tt 
radius,  intersecting  in  g;  then  a  line  drawn  from  a  to  ;  is  perpendiculai 
line  be. 

Second  Method  (Fig.  49).  From  any  two  points,  d  and  c,  at  some  c 
apart  in  the  given  line,  and  with  radii  da  and  ca  respectively,  desci 


y-.^ 


i 


«/ 


•\ 


N^ 


•^^. 


\  / 


V 


^ 


Fig.  50.    Perpendicular  from  Point 
in  Given  Line 


^ig.  51.  Perpendicular 
from  Extremity  of 
Given  Line 


cutting  at  a  and  e.  Draw  ae,  which  b  the  perpendicular  reequired. 
method  is  useful  where  the  given  point  is  opposite  the  end  of  the  Une,  or 
so. 

Problem  3.  To  draw  a  perpendicular  to  a  straight  line  from  a  given  p 
in  that  line. 

First  Method  (Pig.  50).  With  any  radius,  from  the  given  point  a  in  tl 
describe  arcs  cutting  the  line  in  the  points  b  and  e.  Then  with  b  and  c  as  C 
and  with  any  radius  greater  than  ab  or  oc,  describe  arcs  cutting  each  o< 
d.    The  line  da  is  the  perpendicular  neouired. 


Geametxical  PtoUeaia 


iff 


M  IMod  CHs.  5x)*  vbm  tlM  cb«n  poiat  k  At  the  «nd  of  Ike  Use, 
■  tBj  point,  6,  outside  of  the  line,  and  with  a  radius  ba,  describe  a  semi* 
kfKBQg  thnMigh  a  and  cutting  the  given  line 
\  TlnuKh  b  and  d  draw  a  straight  line  inter- 
im the  semidrde  at  e.  The  line  «a  will  then  be 
^a&Bkr  to  the  line  ac  at  the  point  a. 

M  Melted  (Fig.  tt).  or  tlM  3.  4  tod  s  Method. 

■tk pciAt  a  on  the  given  line  measure  off  4  in, 

^94  of  any  other  unit  and  with  the  same  unit 

HBse  describe  an  arc,  with  a  as  a  center  and 

is  as  a  radius.    Then  from  b  describe  an  arc     Fjg.    52.     Perpendicular 

U»£as  qI  5  units*  cutting  the  first  arc  inc.       fiomExticmity  of  Given 

la  is  the  perpendicular  required.    This  method       Line 

■icduly  useful  in  laying  out  a  right  angle  on 

fwid,or  framing  a  house  where  the  loot  is  used  as  the  unit  and  the  lines 

yd  ed  by  the  straight-edge. 

iksTDi  out  a  right  angle  on  the  ground,  the  psoporrions  of  the  triangle  may 

K  O  and  50,  or  any  other  multiple  of  3,  4  and  s;  and  it  can  best.be  laid 

'm&  tbe  tape.    ThuA,  first  measure  off,  say  40  feet  from  a  (Fig.  52)  on  the 

nht;  then  let  one  person  hold  tbe  end  of  the  tape  at  b,  another  hold  the 

^  tape  at  the  8o^f  t  marie  at  a,  and 

a  third  person  take  hold  of  the 
tape  at  the  50-f  t  mark,  with  his 
thumb  and  finger,  and  puU  thn 
tape  taut.  The  50-ft  mark  will 
then  be  at  the  point  c  in  the  line 
of  the  perpendicular. 

Problem  4.  To  draw  a  straii^t 
line  parallel  to  a  given  line  at  a 
given  ditttnre  away  (Fig.  M). 


^8.  Slni^Uac  PuaBcltoGncnLioe 

> 

hm  iny  two  points  near  the  ends  of  the  given  line  describe  two  arcs  about 
ytt  the  given  line.  Draw  the  line  cd  tangent  to  these  arcs  and  it  will  be 
Utoab. 

'Htm,  s-    To  eoBstroct  an  angle  equal  to  a  given  engle  (Vlg.  Sd). 

U  die  point  ^,  at  the  apex  of  the  given  angle,  as  a  center,  and  any  radius, 

lAe  the  arc  BC.    'Vilth  the  point  a,  at  the  vertex  of  the  new  angle,  as  a 


F«.54.    Angle  £<]ual  to  Given  Angle 


Fig.  55.    Angle  of  60* 


ft,  Bad  with  the  same  radius  as  before,  describe  an  arc,  as  BC,    With  BC 

ptSm  and  ft  as  a  center,  describe  an  arc  cutting  the  other  arc  at  c.    Then 

mb  be  equal  to  the  given  angle  CAB. 

pMim  <.    Freot  a  point  on  a  given  line  to  draw  a  line  making  an  ani^e  of 

hi  fte  given  fine  (Fig.  gg). 

Jk  any  (fistance,  as  (i5,  as  a  radius,  and  with  a  as  a  center,  describe  the  arc 

[Ttk  i  as  a  center  and  with  .the  same  jradius,  describe  an  arc  cutting  the 


«9 


CkxnnetticBi  I'tefaienas 


fizBt  one  at  e,    Pnw  £roiii  a  a  line  throufl^  Ct  ftad  it  will  make  ivith  ab  m 
<rf6p^ 

Problem  7*    From  a  giTen  point,  A.  on  a  fivva  line,  AE»  to  draw  a  liae 
an  angle  45^  with  the  giten  line  (Fig.  M). 

Measure  off  from  A^  on  AE,  any  distance,  ^ 
at  &  draw  a  line  perpendicular  to  AE.  Meas 
on  this  perpendicnlat  he  equal  to  Ai  and  dra^ 
from  A  through  c.  This  ^ir^Ae  will  make  an  z 
45**  with  i4£. 

l^rohlem  8.  From  any  point.  A,  on  a  ciwn  " 
draw  a  line  which  will  make  anj  desired  angife  ^ 
given  line  (Fi^.  57). 

To  solve  thk  problem  the  tables  of  chords  on  p 
to  89  are  used.  Find  in  the  table  the  len^rth  o 
to  a  radius  i,  for  the  given  angle.  Then  ta 
radius,  as  large  as  convenient  and  describe  an  arc  of  a  circle  he,  with 
center.  Multiply  the  chord  of  the  angle,  found  in  the  table,  by  the  le 
the  radius  Ah,  and  with  the  product  as  a  new  radius  and  with  6  as  a 
describe  a  short  arc  cutting  he  in  d.  Dmw  a  Une 
from  A  through  d  .and  it  will  make  the  required 
angle  with  DE. 

Example.    Draw  a  line  from  A  on  DE,  making 
an  angle  of  44*  40'  with  DE  (Fig.  67). 

Sidution.    The  largest  convenient  radius  for  the 
arc  is  8  in.    With  4  as  a  center  and  8  in  as  a 


Fig.  66.    Angle  of  45* 


radius,  describe  the  arc  be.    In  the  table  of  chords, 
the  chord  for  an  angle  or  arc  of  44^  40'  to  a 


A 

Fig.  57.    Line  Maki 
Angle  with  Givqa 


radius  i  is  0.76.    Multiplying  this  by  8  in,  the 

length  of  the  new  radius  is  6.08  in;  and  with  this  as  radius  and  witli 

center,  describe  an  arc  cutting  be  ind.    Ad  will  be  the  line  required. 

Problem  8a.    To  lay  off  a  given  angle,  approximately,  by  means  of  an  c 
two-foot  rule. 


Tables  of  Angles  Cecresponding  to  Opeuiags  of 

a  Tw«»F<iot  Rule^ 

In. 
H 

Deg.  Min. 

In. 

*  •  • 

t>eg.  Min. 

In. 

Deg.  Min. 

In. 

•  •  • 

Deg.  Min. 

!  In. 

1 

D« 

1  12 

11  22 

21  37 

82  3 

8^4 

•  ■ 

1  48 

2Vi 

11  58 

•  ■  • 

22  13 

( 

JH 

82  40 

•  •  • 

H 

2  24 

•  ■  • 

12  34 

?4 

22  50 

33  17 

9 

■  • 

3  00 

H 

13  10 

■  •  • 

23  27 

r 

88  54 

V  •  • 

H 

8  36 

•  «  • 
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Rir  eoe  ks  of  the  rule  on  the  paper  or  board  with  its  inner  edge  coinciding 
ntbe  pven  line.  Open  the  rule  until  the  distance  between  the  inner  edges  at 
poib  correspond  with  that  given  for  the  angle  in  the  following  table;  then 
bvi&ae  by  marking  along  the  inner  edge  of  the  other  leg,  and  it  will  give  the 
)md  angle  within  a  very  dose  approa- 

JMiM  9^    To 

lltB  i  as  a  center  and  any  radius, 
^cdie  SD  arc.  as  cb.  With  c  and  b  as 
mis,  and  any  radius  greater  than  one- 
^d  d,  desoribe  two  arcs,  intersecting 
^  Draw  from  A  a  line  through  d  and 
ifl  tisKt  the  angle  JlilC. 


a  grran  angle,  as 


Fig-M.    Angle  BiMCttd 


la. 


!■«* 


To  bisect  fbe  angle  Incfaided  between  two  lines,  as  AB  and  CO, 
ot  tbm  ang^e  is  not  on  the  drawing  (Fig.  M). 

DrsLw/e  parallel  to  AB  and 
cd  parallel  to  CD,  so  that  the 
two  lines  intersect,  as  at  i. 
Bisect  the  angle  tid,  as  in  the 
preceding  problem^  and  draw 
a  line  through  i  and  o  which 
will  bisect  the  angle  between 
the  two  given  lines. 

Problem  xi.  TliroMgh  two 
given  pdnti,  B  and  C,  to 
deaoribe  an  are  ai  a  circle  with 
a  given  tadtias  (Fig.  €•). 

With  B  and  C  as  centers 

and  with  a  radius  equal  to  the 

B  z^ins*  describe  two  arcs  intersecting  at  A .    With  i4  as  a  center  and  the 

K radios,  describe  the  arc  be,  which  will  pass  through  the  given  ix>ints,  B  and  C. 


%,m.  Angle  Bisected.     Angle  not  on  Diawing 


JL  dadsrAicTIiioagh 
Tw>  GcvcB  Points 


Problem  xa.  To  find 
the  center  of  a  given 
circle  (Fig.  tt). 

Draw  any  chord  in  the 
circle,  as  ab,  and  bisect 
this  chord  by  the  per- 
pendicular cd.  This  line 
will  pass  through  the 
center  of  the  drde  and 
ef  will  be  a  diameter  of 
Bisect  ef,  and  the  center  o  will  be  the 
fv  of  the  drde. 

■Hhi  13.    To  draw  a  drcolar  arc  tfaroaih  three 
^IMli,  as  A,  B  and  C  (Fig.  tS). 

Hefines  from  A  toB  and  from  B  to  C.    Bisect 

kil  BC  by  the  lines  aa  and  cc  and  prolong  these  lines  until  they  intersect 

sUch  win  be  the  center  for  the  axe  sought.    With  a  as  a  center  and  Aa 

adho,  describe  the  arc  ABC, 


Fig.  61. 


Center  of  Given 
Circle 


\ 
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Fig.  62.    Circular  Arc  Through 
Three  Given  Points 


Fig.  63.    Frame  for  Drawing  Circular  An 


Problem  14.  To  describe  a  circular  arc  passing  through  three  given.  ] 
when  the  center  is  not  available,  by  means  <^  a  triangle  (Fig.  M). 

Let  Af  B  and  C  be  the  given  points.  Insert  two  stiff  pins  or  nails  at  ^  a 
Place  two  strips  of  wood,  SS,  as  shown  in  the  figure,  one  against  A ,  the 
against  C,  and  inclined  so  that  their  intersection  shall  come  at  the  third  ] 
B.  Fasten  the  strips  together  at  their  intersection  and  nail  a  third  stn 
to  their  other  ends,  so  as  to  make  a  firm  triangle.  Place  the  pencil-point 
and,  keeping  the  edges  of  the  triangle  against  A  and  C,  move  the  triangle  t 
left  and  right.    The  pencil-point  will  describe  the  required  arc. 

When  the  points  A  and  C  are  at  the  same  dbtance  from  B,  if  a  strip  of 
is  nailed  to  the  triangle,  so  that  its  edge  de  is  at  right-angles  to  a  line  jc 
A  and  C,  as  the  triangle  is  moved  one  way  or  the  other,  the  edge  de  will  ai 
point  to  the  center  of  the  cirde.    Thb  principle  is  used  in  linear  perspect] 

Probleitt  15.  Te  ileeoibe  a  circular  arc  which  will  be  tangent  at  a  (iven  ; 
A,  to  a  straight  line,  and  pass  through  a  given  point,  C,  outside  the  liae  (Fig 

Draw  from  A  a  line  perpendicular  to  the  given  line.  Connect  A  and  C 
straight  line  and  bisect  this  line  by  the  perpendicular  ac.  The  point  where 
two  perpendiculars  intersect  is  the  center  of  the  drcle. 


Fig.  64.    Circular  Arc  Tangent 
to  Line  at  Given  Point 


Fig.  66.    Reversed  Curve  Between  Parallel 


Problem  16.  To  connect  two  parallel  lines  by  a  reversed  curve  compoe 
two  circular  arcs  of  equal  radins,  sad  tangent  to  the  lines  at  ^en  points* 

and  B  (Fig.  68). 

Join  A  and  B  and  divide  the  line  into  two  equal  parts  at  C.  Bisect  Cj. 
CB  by  perpendiculars.  At  A  and  B  erect  perpendiculars  to  the  given  linei 
the  intersections  a  and  b  will  be  the  centers  of  the  arcs  composing  the  req 
curve. 
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17.  Ob  a  ctv«B  lliw,  •■  AB  (Fif-  M)»  to  eonstmct  a  compoond  carve 
kM  arcs  of  circles,  tbm  imdii  of  the  two  side  arcs  beinc  equal  and  of  a  gjtrtn 
^  lad  flkatr  centers 
H  M  Ak  fivett  line.  Xhe 
ad  nc  is  to  pass  through 
|iB  pBst,  Ct  OB  tbe  per- 


il to  be  tangent  to 


Fig.  80.    Curve  of  Three  Circular  Arcs 


^C.  EquBatcral  Tri- 
^^  OB  Gfvtn  Base 


Fig.  68.    Scalene  Triangle  00 
Given  Base 


Itaa  tht    perpendicular 

I.  Lty  o&Aa,Bb  and  Cc, 

it^  to  tbe  given  radius 

tk  ade  arcs;  draw  ac; 

■tacbjr  a  perpendicular. 

istcrsectioa  oi  this  Bne 

ik  ihe  perpendicular  CD 

leieqidred  center  of  the 

ml  arc    Through  a  and  b  draw  the  lines  Dc  and  De';  from  a  and  b,  with 

igivea  radius,  equal  to  Aa,  Bb,  describe  the  arcs  Ae'  and  Be;  from  Z>  as  a 

center,  and  with  CD  as  a  radius,  describe  the  arc  eCe' 

which  completes  the  curve  required. 

Problem  rS.  To  eoo- 
stmct  a  trian^e  upon  a 
given  atsaight  Uno  or  base, 
the  length  of  the  two  aides 
being  given  (JfifBt*  67  and 
«8). 

First.    An  equilateral  tri- 
angle (Fig.  CT).    With  the 
ecs  A  and  B  of  the  given  tine  as  centers  and  with  AB  as  a,  radius. 
arcs  cutting  each  other  at  C    Join  AC  and  BC, 
\KmL    A  scalene  triangle  (Fig.  €8).    Let  i4Z>  be  the  given  base  and  the  other 
^sdcs  be  equal  to  C  and  B.    With  I>  as  a  center,  and  with  a  radius  equal  to 

C,  describe  at  £  an  arc  of  indefinite  length.  With 
^  as  a  center  and  with  f  as  a  radius,  describe  an  arc 
cutting  the  first  at  E.  Join  E  with  A  and  D. 
ADE  is  the  required 
triangle. 

Problem    19.      To 
describe  a  circle  about 
B    a  triangle  (Fig  M). 

Bisect  two  of  the 
sides,  as  i4C  and  CB,    ^^ 

h.  Trianide  and  Cir-    ^  ^^  triangle,  and    Fig.  70.    Triangle  and  Inscribed 
_CSrcie  at  their  centers,  erect  Circle 

perpendicular    lines, 
he,  intersecting  at  e.    With  e  as  a  center,  and  eC  as  a  radius,  describe 
It  will  pass  through  A  and  B. 

To  inscribe  a  circle  in  a  triangle  (Fig.  70). 
two  of  the  angles.  A  and  B,  of  the  triangle  by  lines  cutting  each  other 
tf  as  a  center,  and  with  0e  as  a  radius,  describe  a  drde.    It  will  be 
to  the  other  two  sides. 
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PmUmb  31.    To  iiUBrilM  a  sqiMr*  fai  •  drde  and  to  dooeribo  «  drde  afr 
•qiiaro  (Fit.  71). 

To  macribe  the  square.    Draw  two  diameters,  AB  and  CD,  at  right-a 
to  each  other.    Join  the  points  A,D,B  and  C.    ADBC  is  the  inscribed  sq 

To  describe  the  circle.    Draw  the  diagonals  as  before,  intersecting  at  B^ 
with  £  as  a  center  and  >1£  as  a  radius,  describe  the  dicle. 

A  G 


Fig.  72.    Inscribed  Circle  and 
Circumscribed  Square 


Fig.  71.    Inscribed  Square  and 
Circumscribed  Circle 

Problem  aa.  To  inscribe  a  drde  In  a  iquare  and  to  describe  a  square  ab 
drde  (Fig.  78). 

To  inscribe  the  drde.  Draw  the  diagonals  AB  and  CD,  intersecting  i 
Draw  the  perpendicular  EG  to  one  of  the  sides.  Then  with  £  as  a  center 
EG  as  a  radius,  describe  a  circle.  It  will  be  tangent  to  all  four  sides  o 
square. 

To  describe  the  square.    Draw  two  diameters,  AB  and  CD,  at  right-i 
to  each  other,  and  prolonged  beyond  the  drcumference.    Draw  the  diai 
GF,  bisecting  the  angle  CEA  or  BED.    Draw  lines  through  G  and  P  pc 
dicular  to  GF,  and  terminating  in  the  diagonals.    Draw  AD  and  CB  to 
plete  the  square. 

Problem  33.    To  inscribe  a  pentagon  in  a  drde  (Fig.  7S). 


Fig.  73.    Circle  and  Inscribed 
Pentagon 


Fig.    74.     Circle    and    Inscribed 
Hexagon 


Draw  two  diameters,  AB  and  CD,  at  right-angles  to  each  other.  Bisec 
at  E.  With  £  as  a  center  and  EC  as  a  radius,  cut  OB  at  F.  With  C  as  a  c 
and  CF  as  a  radius,  cut  the  circle  at  G  and  H.  With  these  points  as  centen 
the  same  radius,  cut  the  cirde  at  /  and  J.  Join  /,  /,  G,  C  and  H,  IJGCi 
the  inscribed  regular  pentagon. 
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24.    Td  ioMrite  a  ngtHar  Iwngoa  in  a  cirtle  (Kg.  T4). 
Ufdioa  the  drcunifeieuce  the  radius  of  the  circle  six  times,  and  connect 


IS-     To  coBstroct  a  roguUr  hexagon  upon  a  civen  straight  line,  AB 

Itam  A  and  B,  with  a  radios  equal  to  AB^  describe  arcs  intersecting  at  0. 
ftkO  as  a  center  and  a  radius  equal  to  AB,  describe  a  circle,  and  from  A  or 
lif  off  the  lengths  BC,  CD,  DE,  BF  and  FA  on  the  circumference  of  the  circle. 
KDEFA  is  the  required  regular  hexagon. 


FiS-  *S.  Rqpilar  Hcau^on  (»  Given         Fig.  76.    Regular  Octagon  on  Given 
Line  Line 


a6.    To  oonstract  a  regnlar  octagon  upon  a  given  straight  line,  AB 

Ihidace  the  line  AB  both  ways  and  draw  the  perpendiculars  Aa  and  Bb^  of 
idbite  length.  Bisect  the  external  angles  at  A  and  B  and  make  the  length 
\fktt  bisecting  lines  equal  to  AB.  From  H  and  C  draw  lines  parallel  to  i4a  or 
Imd  equal  in  length  to  AB.  From  G  and  D  as  centers  describe  arcs,  with 
n&&  AB,  cutting  the  perpendiculars  Aa  and  Bb  m  F  and  £.  Draw  QP^ 
t  Kid  ED.    ABCDEFGHA  is  the  required  octagon. 


Jjf^  77.    Square  and  Inscribed 


Fig.  78.    Cirde  and  Inscribed 
Ragular  Octagon 


37.    To  constraet  a  regular  oelagon  in  a  tqoare  (Fig.  77). 

fBmr  tlie  <fiagonab  AD  and  BC  and  from  i4,  B,  C  and  Z),  with  a  radius  equa^ 
^iO,  describe  arcs  cutting  the  sides  of  the  square  in  a,  6,  c,  d,  «,  /,  A  and  i 
1^  «,  I/,  eif  and  c6.    aUrfedeba  is  the  required  octagon. 
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Problem  a8.    To  inscribe  a  regultf  octacMi  in  a  drde  (Fie*  T8), 

Draw  two  diameters,  AB  and  CD,  at  right-angles  to  each  other.  Bisect 
angles  AOD  and  AOC  by  the  diameters  EF  and  GH.  AEDUBFCGA  ifl 
required  octagon. 

Problem  29.    To  inscribe  a  circle  within  a  regular  polygon. 

First.    When  the  polygon  has  an  eyen  number  of  sides,  as  in  Fig.  79.     B: 
two  opposite  sides  at  A  and  £ ,  draw  AB  and  bisect  it  at  C  by  a  diagonal, 
connecting  two  opposite  angles,  as  D  and  E.    The  drde  drawn  with  a  ra 
^"^  and  with  C  as  a  center  is  the  inscribed  drde  required. 


Fig.  79.  Regular  Polygon,  Even 
Number  of  Sides,  with  Inscribed 
and  Circumscribed  Cirdes 


Fig.  80.  Regular  Polygon.  Odd 
Number  of  Sides,  with  In- 
scribed and  Circumscribed 
Circles 


Second.  When  the  number  of  sides  Is  odd,  as  in  Fig.  80.  Bisect  two  d 
adjacent  sides  as  at  il  and  B,  and  draw  lines,  AE  and  BD,  to  the  opposite  an 
and  intersecting  at  C.  The  drde  drawn  with  C  as  a  center  and  CA  as  a  ra 
is  the  inscribed  circle  required. 

Problem  30.    To  draw  a  circumscribing  cirde  around  a  regular  polygon. 

First.  When  the  number  of  sides  is  even,  as  in  Fig.  79.  Draw  two  diago 
from  opposite  angles,  as  ED  and  G//,  intersecting  at  C.  The  circle  drawn  ' 
C  as  a  center  and  with  CD  as  a  radius  is  the  circumscribing  circle  required. 

Second.  When  the  number  of  sides  is  odd,  as  in  Fig.  80.  Determine 
center,  C,  as  in  the  last  problem.  The  circle  drawn  with  C  as  a  center  and 
as  a  radius,  is  the  circumscribing  drde  required. 


Problems  on  the  Ellipse,  the  Parabola,  the  Hyperbola  and  ths 

Cydoid 

The  Ellipse 

Problem  31.    To  describe  an  ellipse,  the  length  and  breadth,  or  the  two  a 
being  given. 

First  Method  (Fig.  81),  the  two  axes,  AB  and  CD,  being  given.    On  AB 

CD  as  diameters  and  from  the  same  center,  O,  describe  the  drcles  AGBII 1 
CLDK.  Take  any  convenient  number  of  points  on  the  circumference  of' 
outer  cirde,  as  6,  b',  b'\  etc.,  and  from  them  draw  lines  to  the  center,  O,  cut( 
the  inner  cirde  at  the  points  a,  a',  a",  etc.,  respectively.  From  the  poi 
b,  b',  etc.,  draw  lines  paralld  to  the  shorter  axis  CD;  and  from  the  point 


Tbe  EDiiMe 


7» 


/.ctc^  ditw  Ifaws  panllel  to  the  longer  axis  AB,  and  intertiecting  the  first  set 
rf  bs  at  (» €*,  c",  etc.  These  last  points  will  be  points  in  the  ellipse^  and  by 
i<rfmimng  a  siifficVnt  number  of  them,  the  ellipse  can  be  drawn. 


81.     EHTpae  Described  on  Given  Axes. 


Smai  Mediod  (V!c*  tt) .  Take  the  straight-edge,  made  of  a  stiff  piece  of  paper, 
is&Qud  or  wood,  and  from  some  point  as  a,  mark  off  ab  equal  to  half  the 
kucr  diameter  CD,  and  ac  equal  to  half  the  longer  diameter  AB.  Place 
le  ttnii^t-edge  so  that  the 

Kct  ft  is  on  tbe  longer  and  0 

k  poiat  c  on  the  shorter 
tasKter.  Then  will  the  point 
I  he  over  a  pOTit  in  the  eUipse. 
fahe  00  the  paper  a  dot  at  a 
■ft  oKwre  the  straight-edge 
Miad,  always  keeping  the 
■Ks  b  and  c  over  the  major 
it  niBgr  axes  respectively, 
t  ths  way  any  number  of 
lea  ia  the  ellipse  may  be 
and    the    ellipse 


Fig.  82.    Ellipse  Described  with  Straight-Edge 


(Fig.    •«>. 
two  axes»  AB  and 

f^  Fnm  the  point  /?  as  a 
Nfec,  and  a  radius  AO,  equal  to  one-half  of  AB,  describe  an  arc  cutting  AB 
•ad  F*.    These  two  points  are  called  the  fod  of  the  ellipse. 

One  pwpcity  of  the  ellipse  is,  that  the  sums  of  the  distances  of  any 
poiats  cm  the  circumference  fram  the  fed  are  the  same.    Thm  F'D*\-DF^ 
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Fix  two  pias  in  the  uda  AB  at  F  and  F*  and  loop  upon  them  a  thread^ 
cord  equal  in  kogth,  when  fastened  to  the  pina^  to  AB,  so  as,  when  stretc 

as  per  dotted  line  FDF't 
will  just  reach  to  the  extren 
D  of  the  short  axis.  Plac 
pendl-point  inside  the  ch< 
as  at  £,  and  move 
pencil  along,  keeping  the  o 
stretched  tight.  The  pen 
point  will  trace  the  elli 
required. 

Problem  3a.  To  draw  n  t 
gent  to  an  allipM  at  a  gr 
point  on  the  curve  (Fig.  84) 

Let  it  be  required  to  di 
a  tangent  at  the  point  £ 
the  ellipse  shown.  First 
tannine  the  foci  F  and  F'  as 
the  third  method  for  describ 
an  ellipse,  and  from  E  di 
lines  EF  and  EF\  Prolong  £F'  to  0,  so  that  Ea  equals  EF.  Bisect  the  ac 
aEF  by  describing  arcs  from  a  and  F  as  centers,  as  shown  at  b,  and  throug 
draw  a  line  through  E.  This  line  is  the  tangent  required.  If  it  is  requirec 
draw  a  line  normal  to  the  curve  at  E,  as,  for  instance,  the  joint  of  an  ellipti 


Fig.  83.    Ellipse  Described  with  String  and  Pencil 


Fig.  84.    Tangent  Drawn  to  Point  on  Ellipse 


arch,  bisect  the  angle  FEF',  and  draw  the  bisecting  line  through  £»  and  it  ^ 
be  the  normal  to  the  ciurve  and  the  proper  line  at  that  point  for  the  joint  ol 
elliptical  arch. 

Problem  33.    To  draw  a  tangent  to  an  eUipae  from  a  given  point  oolaidtt  ol 
curve  (Fig.  85). 

From  the  given  point  T  as  a  center,  and  with  a  radius  equal  to  the  diata 
to  the  nearer  focus  F,  describe  an  arc  of  a  drde.  From  F'  as  a  oenter»  1 
with  a  radius  equal  to  the  length  of  the  longer  axis  of  the  ellipse,  describe  a 
cutting  the  drde  just  described  at  a  and  b.  Draw  lines  from  F'  ta  a  an(^ 
cutting  the  ellipse  at  E  and  G.  Draw  lines  from  T  through  £  and  G  and  tl 
will  be  the  tangents  required. 
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lhBi4-  To  describe  an  dllpse  approziiiiAtelj,  by  means  of  drculsr  arcs. 

i  WlhiKs  off  two fadfi  (Fig.  U>,  Take  half  the  difference  of  the  two 
IB  and  CD,  and  set  it  off  from  the  center  0  to  a  and  c  on  OA  and  OC; 
KudoaAB  set  off  half  ac  from  a  to  d;  draw  di  parallel  to  oc;  set  off  Oe  equal 
\md  and  draw  em  and  ^m  paxaHel  respectively  to  id  and  ««.    With 


Fig.  88.    Ellipse  Described  with  Circular  Arcs  of  Two  Radii 

iOBts  and  with  a  radius  mC,  describe  an  arc  through  C,  terminating  in 
luditmmd  and  me  produced.  With  i  as  a  center,  and  with  iD 
(fescribe  an  arc  through  D,  terminating  in  points  3  and  4  on  if  and 
With  d  and  e  as  centers,  describe  arcs  through  A  and  B,  connecting 
i  I  and  4  and  2  and  3.  The  four  arcs  thus  described  form  approximately 
This  method  is  not  satisfactory  when  the  conjugate  or  minor 
It&m  two-thirds  the  transverse  or  major  axis. 
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Another  method  of  approximating  an  ellipse  by  means  of  arcs  of  two 
is  shown  in  Fig.  87,  the  axis  major  AB  and  Uie  semiminor  axis  OC 

given.  Draw  the 
h  tangle  AabBA,  an 
diagonal  CB,  La 
Cc  equal  to  the  < 
encc  between  OB 
OC.  Bisect  f£  at  i 
erect  the  perpend 
FZ>,  intersecting  Q 
duced  at  Y  and 
at  X.  Make  Oj^ 
Then  will  x,  x',  i 
be  the  three  ceatc 
quired,  the  ctuvc 
coming  tangent 
and  at  the  correspo 
point  on  the  left 
side  of  the  ellipse, 
method  results 
curve  which  is  si 
fuller  at  the  haunches  than  the  curve  drawn  by  the  preceding  method 

Second,    "^th  arcs  of  three  radii  (Fig.  88).    On  the  transverse  or  majc 


Fig.  87.    Ellipse  Described  with  Circular  Arcs  of  Two  Radii 


F!g.  88.    Effipse  Described  with  Circular  Arcs  of  Three  RadS 


A3  draw  the  rectangle  AGEBAf  equal  in  height  to  OC,  half  the  conjt^ 
minor  axis.   Draw  AC  and  draw  CD  perpendicular  to  AC.   Set  off  OK  e 


The  Parabola  and  Hyperbola 
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pimkAK  9s  B,  diameter  describe  the  semicircle  ANK.  Extend  OC  to 
\mD.  Set  off  OJd  equal  to  C£,  and  with  Z?  as  a  center  and  with  a  radius 
Ascribe  an  arc  With  A  and  B  as  centers  and  with  a  radius  OL,  cut  ^B 
mi  ?•  From  i?  as  a  center,  and  with  a  radius  HP,  cut  the  arc  ab  at  a. 
il  ft  aie  detcrmuied  in  like  manner.  The  points  H,  a,  D,  b  and  H\  are 
■BBof  the  arcs  required. 

rine  the  fines  of/,  Z>a,  Z>ft,  and  bH\  and  thus  determine  the  lengths  of 
t&  This  method  is  practicable  for  all  ellipses.  It  is  often  employed 
^St  stone  arches  and  bridges. 


The  Parabola 

3S.    To  describe  a  parabola  when  tiie  Tertez  A,  the  axis  AB  and  a 
^■,aC  tke  curve  are  giren  (Fig.  89). 

■tract  the  rectangle  A  BMC  A.  Divide  MC  into  any  number  of  equal 
i^igaf  (or  insTanre.  Divide  AC  in  like  manner.  Connect  Ai,  A7  and  A^. 
H^  i'>  2',  z't  draw  paralleb  to  the  axis  AB.  The  intersections  I,  11  and 
iii  tkae  fines^  are  points  in  the  required  curve. 


Fig.  88.    Parabola  and  Tangent  to  Point  on  Parabola 

j6w    To  drmw  a  tangent  to  a  ^ven  point,  II,  of  the  parabola  (Fig.  M). 

lan  the  given  point  II  let  fall  a  perpendicular  on  the  axis  AB  ^tb.  Produce 
OS  to  the  kfk  of  A.  Make  Aa  equal  to  Ab.  A  line  drawn  through  a  and 
Itkc  tangent  required.    The  lines  perpendicular  to  the  tangent  are  called 

ikam  a  BOCBial  to  any  pohit,  as  I,  the  tangent  to  any  other  point,  n  being 

% 

Nr  the  normal  Tic.  From  I,  let  fall  a  perpendicular  Id,  on  the  axis  A  B. 
rrf  it  equal  to  be.  The  line  le  is  the  normal  requiDxi.  The  tangent  may  be 
bat  I  by  lajring  off  a  perpendicular  to  the  normal  le  at  I. 

The  Hyperbola 

I  bom  any  point,  P,  of  an  hjrperbola,  two  straight  lines  are  drawn  to  two 
Ipckts,  as  F  and  ^',  the  fod  of  the  hyperbola,  their  difference  is  always 


37.    To  describe  an  hyperbols  when  a  vertex,  a,  the  given  dUfevence 
Fflf  the  foci,  F  are  given  (Fig.  90). 

'  tfae  axis  AB  oL  the  hyperbola,  with  the  given  distance  db  and  the  focua 


9U 


ueometxicu  rroDiems 


F  marked  om  it.    From  h  lay  off  bFi  equal  to  aF  to  detennine  the  othc 

Take  any  point,  as 


H. 


4 


-4- 

8 


t 


3 


R 


Fig-  M.    Hyperbola  Docribed 


1 
and  with  ai  as  a  radhz 
as  a  center,  describe  tv* 
arcs  above  and  bdow  t. 
With  6x  as  a  radius^  ax 
a  center,  describe  arcs 
those  just  described,  &t 
P'.  Take  several  poini 
3  and  4,  and  detennine  1 
responding  points  Px»  . 
Pa  in  the  same  wa> 
curve  passing  throng^ 
points  is  an  hyperbola. 

To  dimw  a  tang«at 
point  of  an  hyperbote, 
lines  from  the  given  p 
each  of  the  foci  and 
the  angle  thus  formcsd 
bisecting  line  is  the  I 
required. 


The  Cycloid 

The  CYCLOID  is  the  ctirve  described  by  a  point  on  the  circumference  of  1 
rolling  in  a  straight  line. 

Problem  38*    To  describe  a  cydoid  (Fig.  91). 

Draw  the  straight  line  AB.    Describe  the  generating  circle  tangent 
line  at  its  middle  point  D,  and  through  the  center  C,  of  the  circle,  draw  t 


6' 


3 


8'      r 

Fig.  91.    Cycloid  Described 


EE  parallel  to  AB,  Let  fall  a  perpendicular  from  C  upon  A  B.  Divide  the 
circumference  into  any  number  of  equal  parts,  for  example,  six.  Lay  off  c 
and  CE  distances  Ci',  I'a',  etc.,  equal  to  the  divisions  of  the  drcumfe 
Draw  the  chords  Di,  D2,  etc.  From  the  points  i',  2',  3',  etc.,  on  the  Ua 
with  radii  equal  to  the  generating  drcle,  describe  arcs  as  shown.  Froi 
points  i',  2',  3',  4',  5',  etc.,  on  the  line  BA,  and  with  radii  equal  respectiv 
the  chords  Z)i,  D^,  Z>3,  Z>4,  Ds,  describe  arcs  cutting  the  preceding 
The  intersections  are  points  of  the  required  cycloid. 
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TaUe  of  Chords  (CootinttOd).    lUdliis  »  z.oooo 


0' 
1 
2 
3 

4 
5 
6 
7 
8 
9 
10 

U 

12 
13 
14 
15 
16 
17 
18 
19 
20 

21 
22 
23 
24 
25 
26 
27 
28 
29 
30 

31 
32 
33 
34 
35 
36 
37 
38 
39 
40 

41 
42 
43 
44 

45 
46 
47 
48 
49 
50 

51 
52 
53 
54 
55 
56 
57 
58 
59 
60 


n* 


ly 


0. 

0. 

0. 

0. 

0. 

0.1931 

0.1934 

0.1937 

0.19400 

0.194310 

0.1946  0 


1917  0 

1920,0 

1923  0 

1926  0 

1928  0 

0 

0 

0. 


1949  0. 
1952,0 . 
19550. 
1957.0 
19600. 
1963'0. 
19660. 
1909  0. 
1972  0. 
1975  0. 


1978 


0 


1981 

1983 

1986 

1969|0 

199210 

199510 

19980 

2001'0 

20040 


2007 
2010 
2012 
2015 
2018 
2021 
2024 
2027 
2030 
2083 

2036 
2038 
2041 
2044 
2047 
2%0 
2053 
2056 
2059 
2002 


2001 
2093 
2096 
2099 
2102 
2105 
2108 
2111 
2114 
2117 
2119 

2122 
2125 
2128 
2131 
2134 
2137 
2140 
2143 
2146 
.2148 

.2151 
2154 
2157 
,2160 
.2163 
2166 
2169 
.2172 
,2174 
2177 


ir 


w 


2264 

2267 

2270=0 

2273.0 

2276'0. 

2279  0. 

2281'0. 


U* 


3437 
2440 
244310 
24460 
2449  0 


2284 
2287 
2290 
2293 


2452 

2455 

2458 

2460 

246310 

24660 


2611 
2613 
2616 
2619 
2622 
2625 
2628 
2031 
2634 
2636 
2639 


22960. 
2299'0. 
2302  0. 
2905J0. 
23070. 
2310'0. 
2313!0. 
23160. 
23190. 
23220. 


2325 


2469 
2472 
2475 

2478 

2481 

2484 

2486 

2489*0 

2492  ;0 

2495 


ir 


ir 


27830 
2786  0 
2789i0 
2792|0 
2795!0 
279810 
2801J0 
28040 
2807)0 
2809'0 
2812  0 


!»• 


2642  0 
2645)0 
26480 
265li0 
2654'0 


2657 
2660 
2062 
2665 
2668 


0.2498  0 


2815 
2818 
2821 
2834 
2827 
2880 
2832 
2835 
2838 
2841 


2328  0.2501 
233110.2504 
2333  0.2507 
23360.2510 
2330;0.2512 
2342;0.2515 
2345)0.2518 
2348  0.2521 
2351  0.2524 


2180 

2183 

2186 

2189|0 

2192)0 

2195)0 

2198' 0 

2200,0 

2203)0 

22060 


2354  0. 
2357*0. 
23500. 
2362'0. 
23fl5!0. 


26710. 
2874iO. 


2956 

2969 

2962<0 

2965<0 

2968>0 

2971'0 

2973IO 

2976  0 

2979'0 

29S2)0 

2985  0 


2968  0. 
2991'0 
29940 
2996;0 
29990 
3002'0 
300510 
3008'0. 


soil 

8014 


2368 
2371 
2374 
2377 


2065  0 
2067  0 
2070'0 


2073 
2076 
2079 
2062 
2085 
2088 
2091 


2209 
2212 
2215 
2218 
2221 
2224 
2226 
2223 
2232 
2235 

2238 
2241 
2244 
2247 
2250 
2253 
2255 
2258 
2261 
2264 


2380  0. 

2383  0. 

2385'0, 


2627 

2530 

2533:0 

2536  0 

2538 

2541 

2544 

2547 

2550 

25530 


2388 
2391 
2394 
2397 
2400 
24a3 
2406 
2409 


2411 

2414 

2417 

2420 

2423 

2426") 

2429' 0 

2432'0 

2434)0 

2437)0 
I 


2556 
2559 
2561 
2564 
2567 
2570 
2573 
2576 
2570 
2582 

2585 
2587 
2590 
2503 
2506 
2599 
2602 
2805 
2608 
2611 


2677 
2680 
2683 
2685 
2688 
2691 
2694 
2697 

2700 
2703 
2706 
2709 
2711 
2714 
2717 
2720 
2723 
2726 


2729 
2732 
2734 
2737 
2740 
2743 
2746 
2749 
2752 
2755  0 


28440 
2847)0 
2S50;0 
28530 


2855 
2858 
2861 
2864 
2867 
2870 

2873 
2876 
2878 
2881 
2884 
2887 


3017  0 
30190 
30220 
3025;0 
30280 
303rO 
3034|0 
303710 
3040iO 
304210 


28900 
2803  0 


2806 
2899 


2902  0. 
20040 
2907 '0, 
2910'0 


3045'0 
3048,0 
30510 
3054  ;0 
30570 
3060|0 
306310 
3065  0 
30680 
30710 

3074  0 
3077  0 
3a80'0 
3083^0 


2313 
2016 
2919 
2922 
2025 
2927 


2758 
2760 
2763 
2766 
2769 
2772 
2775 
2778)  0 


3080 
3088 
3001 
3094 
3097 
3100 


2030  0, 
2033!0, 


2781 
2783 


2936 
2930 
2942 
2945 
2948 
2950 
2953 
2966 


1 


31030 
3106'0 
3109;o 
31110 


3114 
3117 
3T20 
3123 
3126 
3129 


3129 
3132 
3134 
3137 
8140 
3143 
3146 
3149 
3152 
3155 
3157 

8160 
3163 
3166 
3169 
.3172 
.3175 
3178 
3180 
,3183 
,3186 

3189 
3192 
3195 
.3198 
,3200 
,3203 
.3206 
.3209 
,3212 
.3215 

3218 
3221 
,3223 
,3226 
.3229 
,3232 
,3235 
3238 
3241 
,3244 

3246 
3249 
3252 
3255 
3258 
,3261 
.3264 
3267 
3260 
3272 

3275 
3278 
3281 
3284 
3287 
3289 
3292 
3295 
3298 
.3301 


ir 


3301 
3304 
8307 
3310 
3312 
3315 
3318 
3821 
3824 
3327 
3330 


«•" 


8473 
3476 
3479 
3482 
3484 
3487 
3490 
3493 
3496 
3499 
3502 


0 


8333 

3335 

3338 

3341 10 

33440 

3347)0 

8350  0 


3353 
3355 
3358 


33610 

3354)0 

33e''i0 

3370 

3373 

3376 

3378 

3381 

3384 

3387 


3390 
3393 
3396 
3398 
3401 
3404 
3407 
3410 
3413 
3416 

3419 
3421 
3424 
3427 
3430 
3433 
3436 
3439 
3441 


0 

0 

0 

0 

0, 

0 

0 

0 

0 

0, 

0 

0 

0 

0 

0 

0, 

0 

0, 

0 

0. 

0 

0 

0 

0 

0 

0, 

0, 

0 

0 

0 

0 

0 

0, 

0 

0, 

0 

0 

0 

0, 

0.3444  0 


tv 


av4 

3M 

3«6 

oOD 

305 
366 
360 

0.366 
0.366 
0.367 
0.367 


3504 

3507 

351010 

35130 

35160 

3510  0 

3622  0 


3525 
3527 
3530 

3533 
8536 
3530 
3542 
3545 
3547 
3550 
3553 
3556 


367 
307 
30a 
368i 
30a 
30ft 
3091 
30» 
369! 
37a 


3701 
3701 

0.37M 
0.37U 
0.87« 
0  3711 
0.372S 
0.37» 
0.3721 


0.35590.3731 


3447 
3450 
3453 
3456 
3459 
3462 
3464 
3467 
3470 
3473 


35620 

35650 

3567*0 

3570*0 

35730 

357610.3741 

3579  0.3751 

35820.3763 

3585  0.375( 

3587  0.3751 


373S 
3731 
37» 
374S 
374i 


3500 
3593 
3596 
3599 
3602 
3605 
3608 
3610 
3613 
8016 

3619 
3522 
3625 
3628 
3630 
3633 
3636 
3639 
3642 
3645 


37fi 
370i 
87« 
3771 

8771 
3771 
37a 

0.3788 
0.878S 


0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 


S79C 
37M 
37M 
3791 
3801 
3800 
380C 
381C 
38U 
3814 


Table  of  Chords 


TkUe  of  Chords  (CoatiiiiMd).    Itsdias «  T.0000 


V  ir 


.r.so 

ILIMSO 


3967  0 

3893  0 

WA 

3999 

«:c2 

4U04 
♦307 

.4010 
,4013 
.4016 


.40!9'0 

.«22a 

.4024  0 
4027  0 

.4Q3>)0. 

.40S3  0. 

.4034  0. 

.4039  0. 
40420 

.4044  0. 


4158  0 

.4161  0 
4104  0 
4167  0 
4170  0, 
4172  0 
41750. 
4178  0. 
4181  0. 
4184:0. 
4187!  0. 

419o'o. 
4192  0. 
4195  0. 
419S0. 
4201  0. 
4204  0. 
4207,0. 
4»>00. 
4212  0. 
42150. 


tr 


4320 
4332 

433410 
43370 


0 

I.SQSO 
IXrlOO 
l.£I3  0 
1.3^15  0 

Ifi22  0 
IJKSO 
IJE7  0 

un>o 
Moas'o 

133360 
I.S^0 
l-fiCO 
»MSO 
IJN7  0 
IJ»0 
UaS30 
P^q60 

iJG»;o 


|jM2fO 
IJN&O 


.4017:0 

4d5>J0 

.40S3O 

.40&3O 

.40odO. 

.40610. 

.40640. 

.4067  0. 

.4070  0. 

.4073,0. 

40780. 
.4079,0 
.40610 
«^0 
,4087  0 
4£».}0 
4083  0 
40&6  0 
40&>(0 
4101.0 

,4104-0 
41070 
4110  0 
4113  0 
4116|0 
4118  0 
412i;0 
41240 
.4127!0 
.4130  0 


42180 

4221  0. 

42240. 

42260. 

4229  0. 

4232,0 

42350. 

4238'0 

4241,0 

42440 


42460. 
4249  0. 
4232<0 
42550 
425S0 
4261  0 
.4263  0 
.4266  0 
.4269  0 
.4272:0 


.4340 
4343 
4346 
4349 
4352 
4354 
4357 

4300 
4363 
4366 
4369 
4371 
4374 
4377 
4380 
4383 
4386 

4388 

4391 
43M 
4397 
4400 
44a3 
4405 
4408 
4411 
4414 

,4417 
.4420 
.4422 
.4425 
.4428 
.4431 
.4434 
.4437 
.4439 
4442 


44990 

45020 

45050 

4508^0 

4510  0 

4513 

4516 

4519 

4522 

4525 

4527 


:0 
0 

0 
t«0 
7*0 
0 
0 

(0 

] 


4133 
4135 
4138  0 
41410 


4144 

4147 

4150 

4153,0 

41550 

41680 


42750. 
4278:0. 
4280'0. 
.4283  0. 
42860. 
,4289  0. 
4292,0 
42',io'0 
.429.S0 
.43000 

.4303;0 
.4306:0 
.43O9!0 
.4312,0 
.431510 
.43170 
.4320  0 
.4823J0 
.43260 
.4329iO 


4445 
4448 

4451 
4454 
4456 
4459 
.4462 
.4465 
.4468 
.4471 


0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 

0. 
0 
0 
0 
0 
0 
0 
0 
0 
0 

0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 

0, 
0 
0 
0 
0 
0 
0 
0 
0 
0 


.4669  0, 
.4«72l0. 
.467510. 
,4677iO. 
,4680,0, 
,46830, 
4686|0. 
4689;0, 
,4692'0 
,4694  0 
,4697 


4530 
4533 
4536 
4539 
4542 
4544 
4547 
4550 
4553 
4556 

4559 

4561 
4564 
4567)0 


0.4700 

0.4703 

4706 

4708 

4711 

4714 

4717 

0.4720 

0.4723 


4838 
4841 
4844 
4847 
4850 
4853 
4855 
4858 
4861 
4864 
4867 


0.4725  0 


4869 
4872 
4875 
4878 
,4881 
4884 
4886 
,4889 
,4892 
,4895  0 


,5008 
5010 
5013 
5016 
5019 
5022 
5024 
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8739 10. 
8741  iO. 


8587  0 

8589  0. 


8592 
8594 
8597  0 
8600iO 
8602 '0 
86O5!0 
8608^0 
8610 


8744  0 
,8747iO 
,8749  0 
,875210 
,8754!0. 
.875710. 
.8780'0. 
.87620. 
.87660 
.8767,0. 


8856 

8859 

8861 

886410. 

886710 

8869  0. 

8872  0. 

8874  0. 
8877i0. 
88800. 

8882;o. 
88S5'0, 
8887 10. 
88900, 
8893,0. 
8895  0. 
8898  0. 

8900  0. 
8903,0. 
890610. 
890810. 
89110. 
8914|0 
8916iO 
.8919'0 
8921 '0 


8924 


0 


8979 
8981 
8984 
8986 
8989 
8992 
8994 
8997 
8999 
0002 

9005 
9007 
9010 
9012 
9015 
9018 
9020 
9023 
9025 
9028 

,9031 
,90:33 
9036 
9038 
9041 
9044 
9046 
9049 
9051 
9054 

9056 
9059 
9062 
9064 
.9067 
9069 
9072 
,9075 
,9077 
.9080 


0.0134 
0  0137 
0.0139 
0.9142 
0.0145 
9147 
9150 
0152 
0155 
0157 


0.0100 

0.0103 
0.0166 
0.0168 
0.9170 
0.0173 
0.0176 
0.0178 
0.9181 
0.0183 

0.0186 

0.9188 
0.9191 
0.9194 
0.9196 
0.9199 
0.9201 
0.9204 
0.9207 
0.9209 


0212 

9214 

9217 

9219 

9222 

9225 

9227 

9230 

92321 

,9235 
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IMila  of  Chflida  (CtatfsMA).    UtOkm^i 


M. 

Si* 

it* 

•7* 

SB* 

St* 

tr 

«.* 

tr 

t»- 

{ 

0' 

0.9286 

0.9389 

0.9543 

0.9696 

0.9848 

1.0000 

1.0151 

1.0801 

l.OtfiO 

A  • 

1 

0.9238 

0.9392 

0.9546 

0.9099 

0.9851 

1.0003 

1.0153 

1.0803 

1.0462 

i.j 

2 

0.9240 

0.9395 

0.9548 

0.9701 

0.9654 

1.0005 

1.0166 

1.0806 

1.0455 

3 

0.9248 

0.9397 

0.9551 

0.9704 

0.9856 

1.0008 

1.0158 

1.0808 

1.0457 

4 

0.9245 

0.9400 

0.9553 

0.9706 

0.9859 

1.0010 

i.oiei 

1.0811 

1.0460 

5 

0.9248 

0.9402 

0.9550 

0.9700 

0.9861 

1.0013 

1.0163 

1.0813 

1.0462 

6 

e.9250 

0.0405 

0.9559 

0.9711 

0.9664 

1.0015 

1.0166 

1.0816 

1.0465 

7 

0.9253 

0.9407 

0.9561 

0.9714 

0.9860 

1.0018 

1.0168 

1.0318 

1.0467 

1.' 

8 

0.9256 

0.9410 

0.9564 

0.9717 

0.9869 

1.0020 

1.0171 

1.0821 

1.0470 

9 

0.9258 

0.9413 

0.9566 

0.9719 

0.9871 

1.0023 

1.0173 

1.0823 

1.0472 

10 

0.9261 

0.9415 

0.9569 

0.9722 

0.9874 

1.0025 

1.0176 

1.0326 

1.0475 

11 

0.9268 

0.9418 

0.9571 

0.9724 

0.9876 

1.0038 

1.0178 

1.0838 

1.0477 

\  1 

12 

0.9266 

0.9420 

0.9574 

0.9737 

0.9879 

1.0080 

1.0181 

1.0881 

l.OttO 

Xj 

13 

0.9268 

0.9423 

0.9576 

0.9729 

0.9881 

1.0088 

1.0188 

1.0883 

1.0462 

\  1 

U 

0.0271 

0.9426 

0.9579 

0.9782 

0.9884 

1.0065 

1.0186 

1.0886 

1.0485 

i.t 

IS 

0.9274 

0.9428 

0.9581 

0.9784 

0.9886 

1.0088 

1.0188 

1.0888 

1.0467 

I. 

16 

0.9276 

0.9430 

0.9584 

0.9737 

0.0880 

LOOM 

1.0101 

1.0841 

1.0490 

1.) 

17 

0.9279 

0.9433 

0.9S87 

0.9739 

0.9801 

1.0048 

1.0198 

1.0843 

1.0492il.* 

18 

0.9281 

0.9486 

0.9589 

0.9742 

0.9604 

1.0045 

1.0196 

1.0846 

1.0465 

l.< 

19 

0.9284 

0.9438 

0.0692 

0.9744 

0.9807 

1.0018 

1.0196 

1.0848 

1.0407 

IJ 

20 

0.9287 

0.9441 

0.9504 

0.9747 

0.9899 

1.0060 

1.0201 

1.0381 

1.0000 

IJ 

21 

0.9289 

0.9443 

0.0597 

0.9750 

0.9908 

1.0068 

1.0308 

1.0883 

1.0602 

IJ 

22 

0.9292 

0.9446 

0.9599 

0.0752 

0.0904 

1.0065 

1.0806 

1.08A6 

1.050441.4 

23 

0.9294 

0.9448 

0.9602 

0.9756 

0.9907 

1.0068 

1.0306 

1.0868 

1.0S07 

1.1 

24 

0.9297 

0.9451 

0.9604 

0.9757 

0.9909 

1.0060 

1.0311 

1.0361 

1.0809 

1.1 

25 

0.9299 

0.9454 

0.9607 

0.9760 

0.9912 

1.0063 

1.0213 

1.0363 

1.0612 

1.1 

26 

0.9302 

0.9456 

0.9610 

0.9762 

0.9914 

1.0065 

1.0216 

1.0806 

1.0614 

1.4 

27 

0.9305 

0.9459 

0.9612 

0.9765 

0.0917 

1.0068 

1.0218 

1.0868 

1.0617 

l.< 

28 

0.9807 

0.9461 

0.9615 

0.0767 

0.9919 

1.0070 

1.0221 

1.0370 

1.0610 

XA 

29 

0.9310 

0.9464 

0.9617 

0.9770 

0.9922 

1.0073 

1.0223 

1.0873 

1.0522 

I A 

30 

0.9812 

0.9466 

0.9620 

0.9772 

0.9924 

1.0075 

1.0226 

1.0875 

1.0624 

1.4 

31 

0.9315 

0.9469 

0.9622 

0.9776 

0.9927 

1.0078 

1.0328 

1.0878 

1.0527 

lA 

32 

0.9317 

0.9472 

0.9625 

0.0778 

0.9929 

1.0080 

1.0281 

1.0880 

1.0520 

1.4 

33 

0.9320 

0.9474 

0.9627 

0.0780 

0.0032 

1.0083 

1.0888 

1.0383 

1.0522 

l.( 

34 

0.9323 

0.9477 

0.9630 

9.9783 

0.9934 

1.0086 

1.0386 

1.0385 

1.0684 

l.( 

35 

0.9825 

0.9479 

0.9633 

0.9785 

0.9937 

1.0088 

1.0338 

1.0388 

1.0687 

1.4 

36 

0.9328 

0.9482 

0.0635 

0.9788 

0.9939 

1.0091 

1.0241 

1.0390 

1.0539 

1.4 

37 

0.9330 

0.9484 

0.0638 

0.9790 

0.0042 

1.0093 

1.0248 

1.0303 

1.0542 

1.4 

38 

0.9333 

0.9487 

0.9640 

0.9793 

0.9045 

1.0096 

1.0246 

1.0395 

1.0544 

1.4 

39 

0.9335 

0.9480 

0.9643 

0.9795 

0.9947 

1.0098 

1.0248 

i.0388 

1.0547 

1.4 

40 

0.9338 

0.9492 

0.9645 

0.9798 

0.9950 

1.0101 

1.0361 

1.0400 

1.0549 

1.4 

41 

0.9341 

0.9495 

0.9648 

0.0800 

0.9952 

1.0108 

1.0368 

1.0403 

1.0551 

1,4 

42 

0.9343 

0.9497 

0.9650 

0.9808 

0.9956 

1.0106 

1.0356 

1.0405 

1.0554 

1.4 

43 

0.9346 

0.9500 

0.9653 

0.9805 

0.9957 

1.0108 

1.0368 

1.0408 

1.0656 

l.< 

44 

0.9348 

0.9502 

0.9655 

0.0808 

0.9960 

1.0111 

1.0261 

1.0410 

1.0650 

1.4 

45 

0.9351 

0.9505 

0.9658 

0.0810 

0.9962 

1.0113 

1.0268 

1.0413 

1.0561 

1.4 

46 

0.9353 

0.9507 

0.0661 

0.0813 

0.9965 

1.0116 

1.0266 

1.0415 

1.0564 

l.< 

47 

0.0356 

0.9510 

0.9663 

0.0816 

0.9967 

1.0118 

1.0268 

1.0418 

1.0606 

l.< 

48 

0.0359 

0.0512 

0.9666 

0.9818 

0.9970 

1.0121 

1.0271 

1.0420 

1.0500 

I A 

49 

0.9361 

0.9515 

0.9668 

0.9821 

0.9972 

1.0123 

1.0273 

1.0423 

1.0571 

l.< 

50 

0.9364 

0.9518 

0.9671 

0.9823 

0.9975 

1.0126 

1.0276 

1.0425 

1.0574 

l.( 

51 

0.9366 

0.9520 

0.9673 

0.9826 

0.9977 

1.0128 

1.0278 

1.0428 

1.0576 

l.< 

52 

0.0369 

0.9523 

0.9076 

0.0828 

0.9080 

1.0131 

1.0281 

1.0480 

1.0579 

l.( 

53 

0.9371 

0.0525 

0.9678 

0.0831 

0.9982 

1.0133 

1.0283 

1.0483 

1.0581 

l.C 

54 

0.9374 

0.9528 

0.9681 

0.0883 

0.9985 

1.0136 

1.0286 

1.0485 

1.0684 

l.C 

55 

0.9377 

0.9530 

0.9683 

0.9836 

0.9987 

1.0138 

1.0288 

1.0488 

1.0686 

l.C 

56 

0.9379 

0.9533 

0.9686 

0.0838 

0.9990 

1.0141 

1.0291 

1.0440 

1.0588 

l.C 

57 

0.9382 

0.9536 

0.9689 

0.9841 

0.9992 

1.0143 

1.0293 

1.0443 

i.osei 

l.C 

58 

0.9384 

0.9538 

0.9691 

0.9843 

0.9995 

1.0146 

1.0296 

1.0445 

1.0603 

l.C 

59 

0.9887 

0.9541 

0.9694 

0.9846 

0.9998 

1.0148 

1.0298 

1.0447 

1.O606 

l.C 

60 

0.9389 

0.9543 

0.9696 

0.9848 

1.0000 

1.0151 

1.0301 

1.0450 

1.0S08 

l.C 

Table  of  Chords 
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ISiblt  of  Chords  (Coadaaad). 

B«4h»*  Z.OOOO 

w     «r      «r 

6B» 

•r 

ir 

ir* 

ir 

ir 

M. 

0' 

ini  i.am ,  i.ioae 

1.1184 

1.1328 

1.1472 

1.1614 

1.1756 

1.1896 

JHS 

1.0S9S 

1.1041 

1.11S6 

1.1331 

1.1474 

1.1616 

1.1758 

1.1899 

1 

m 

1.0689 

1.1044 

1.1189 

1.1333 

1.1476 

1.1619 

1.1760 

1.1901 

2 

m 

1.0800 

1.1046 

1.1191 

1.1335 

1.1479 

1.1621 

1.1763 

1.1903 

3 

l»>1.0MB 

1.1048 

1.1194 

1.1338 

1.1481 

1.1624 

1.1766 

1.1906 

4 

ja  lows 

1.1061 

1.1196 

1.1340 

1.1483 

1.1626 

1.1767 

1.1908 

5 

UEU.  1.0607 

jeb  ;  1.O01O 

1.1063 

1.1108 

1.1342 

1.1486 

1.1628 

1.1770 

1.1910 

6 

1.1066 

1.1201 

1.1345 

1.1488 

1.1631 

1.1772 

1.1913 

7 

JEM    1.0012 

1.1058 

1.1203 

1.1347 

1.1491 

1.1633 

1.1775 

1.1915 

8 

jns    1.QI15     1.1016  1 

1.1206 

1.1350 

1.1493 

1.1635 

1.1777 

1.1917 

9 

jcn  i.o»i7 

1.1063 

1.1208 

1.1352 

1.1495 

1.1638 

1.1779 

1.1920 

10 

JR3 1  i.orao 

1.1065 

1.1210 

1.1354 

1.1498 

1.1640 

1.1782 

1.1922 

11 

in»    l.QBSS 

1.1068 

1.1213 

1.1357 

1.1500 

1.1642 

1.1784 

1.1924 

12 

la  i.csM 

1.1070 

1.1215 

1.1859 

1.1502 

1.1645 

1.1780 

1.1927 

13 

pal  i.o»7 

1.1073 

1.1218 

1.1362 

1.1505 

1.1647 

1.1789 

1.1929 

14 

n    1.0K9 

1.1076 

1.1220 

1.1364 

1.1507 

1.1650 

1.1791 

1.1931 

15 

n    1.0B2 

1.1078 

1.1222 

1.1366 

1.1510 

1.1652 

1.1793 

1.1934 

16 

|0    1.0034     1.1060  ;   1.1235 

1.1369 

1.1512 

1.1664 

1.1796 

1.1936 

17 

M.1.0B7     1.1082  1 

1.1227 

1.1871 

1.1514 

1.1657 

1.1798 

1.1938 

18 

iBRii.am 

1.1066 

1.1230 

1.1374 

1.1517 

1.1659 

1.1800 

1.1941 

19 

m,i.(»43 

1.1087 

1.1232 

1.1376 

1.1519 

1.1661 

1.1808 

1.1943 

20 

Lni;ji.4M4 

1.1080 

1.1234 

1.1378 

1.1522 

1.1664 

1.1805 

1.1946 

21 

Mjil.OMS 

1.1002 

1.1237 

1.1881 

1.1524 

1.1666 

1.1807 

1.1948 

22 

MB{1.0M9     I.IOM 

1.1239 

1.1383 

1.1526 

1.1668 

1.1810 

1.1950 

23 

Mtl.Oei     1.1007 

1.1242 

1.1386 

1.1529 

1.1671 

1.1812 

1.1952 

24 

Mr:i.0H4     1.1009 

1.1244 

1.1388 

1.1531 

1.1673 

1.1814 

1.1955 

25 

m    1.QH6 

1.1102 

1.1246 

1.1300 

1.1533 

1.1676 

1.1817 

1.1957 

26 

flO 

1.QU9  1 

1.1104 

1.1249 

1.1398 

1.1536 

1.1678 

1.1819 

1.1959 

27 

lU 

1.0881     1.1107 

1.1251 

1.1896 

1.1538 

1.1680 

1.1821 

1.1962 

28 

m 

1.0863 

1.11U9 

1.1254 

1.1398 

i.l541 

1.1683 

1.1824 

1.1964 

29 

JBD 

1.0896 

1.1111 

1.1256 

1.1400 

1.1543 

1.1685 

1.1826 

1.1906 

80 

«B 

1.0866     1.1114 

1.1258 

1.1402 

1.1545 

1.1687 

1.1829 

1.1989 

31 

IBI 

1.0871     1.1110 

1.1261 

1.1405 

1.1548 

1.1690 

1.1831 

1.1971 

82 

«7.  1.0173  !  1.1119 

1.1263 

1.1407 

1.1550 

1.1692 

1.1833 

1.1973 

33 

m    1.0976  I  1.1121 

1.1266 

1.1409 

1.1552 

1.1694 

1.1836 

1.1976 

34 

tt!|  1.0978  ;  1.1129 

1.1268 

1.1412 

1.1555 

1.1697 

1.1838 

1.1978 

35 

m  i.oMo 

1.1126 

1.1271 

1.1414 

1.1557 

1.1699 

1.1840 

1.1980 

36 

IB7    1.0983 

1.1128 

1.1273 

1.1417 

1.1560 

1.1702 

1.1843 

1.1983 

37 

■b    1.C86S  i  1.1131 
PU:1.0K8     1.1133 

1.1275 

1.1419 

1.1562 

1.1704 

1.1815 

1.1985 

38 

1.1278 

1.1421 

1.1564 

1.1706 

1.1847 

1.1987 

39 

fm    1.0160 

1.1136 

1.1280 

1.1424 

1.1567 

1.1709 

1.1850 

1.1990 

40 

mn    1.0993 

1.1138 

1.1288 

1.1426 

1.1569 

1.1711 

1.1852 

1.1992 

41 

M    1.0896  '•  1.1140 

1.1285 

1.1429 

1.1571 

1.1713 

1.1854 

1.1994 

42 

IB    1.0897     1.1149 

1.1287 

1.1431 

1.1574 

1.1716 

1.1857 

1.1997 

43 

m    1.1800     1.1145 

1.1290 

1.1438 

1.1576 

1.1718 

1.1859 

1.1999 

44 

in.  1.1002     11148 

1.1292 

1.1436 

1.1579 

1.1720 

1.1861 

1.2001 

45 

iMi  1.10O5  '  1.1160 

1.1296 

1.1438 

1.1581 

1.1723 

1.1864 

1.2004 

46 

Mi  1.1007  1  1.1162 

1.1297 

1.1441 

1.1583 

1.1725 

1.1866 

1.2006 

47 

iB ,  I.IOIO 

1.1156 

1.1299 

1.1443 

1.15S6 

1.1727 

1.1808 

1.2008 

48 

m  1.1012 

1.1157 

1.1302 

1.1445 

1.1588 

1.1730 

1.1871 

1.2011 

49 

Urn  ,  1.1014 

1.1160 

1.1304 

1.1448 

1.1590 

1.1732 

1.1873 

1.2013 

50 

MBl  '  1.1917 

1.1168 

1.1307 

1.1450 

1.1593 

1.1735 

1.1875 

1.2015 

51 

MB    1.1019 

1.1165 

1.1309 

1.1452 

1.1595 

1.1737 

1.187S 

1.2018 

52 

tin    1.10122 

1.1167 

1.1311 

1.1455 

1.1508 

1.1739 

1.18S0 

1.2020 

53 

W    1.HB4 

1.1160 

1.1314 

1.1457 

1.1600 

1.1742 

1.1S.S2 

1.2022 

54 

Hn  i  1.1027 

1.1172 

1.1316 

1.1460 

1.1602 

1.1744 

1.1885 

1.2025 

55 

IB  i  1.1QS9 

1.1174 

1.1319 

1.1462 

1.1605 

1.1746 

1.1887 

1.2027 

56 

1.1081 

1.1177 

1.1321 

1.1464 

1.1607 

1.1749 

1.1889 

1.2029 

57 

^Eg 

1.1064 

1.1179 

1.1328 

1.1467 

1.1609 

1.1751 

1.1892 

1.2032 

.58 

B  1  1.18B6 

1.1181      1.1S26 

1.1469 

1.1612 

1.1753 

1.1894 

1.2034 

59 

'  1  IQ99 

1.1184     1.1328 

1.1472 

1.1614 

1.1756 

1.1896 

1.2036 

60 
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Trigonometiy 


Lengths  and  BeTals  of  Hip-RafterB  antl  Jack^Raftera 

Method   of  Detennining  tho  Lengths   and  BeveU.    The    lines    oi 

(Fig.  92)  represent  the  outside  of  the  waUs  at  the  angle  of  a  building; 
seat  of  the  hip-rafter  and  |/  of  a  jack-rafter.  Draw  eh  at  rij^ht-anc 
and  make  it  equal  to  the  rise  of  the  roof;  join  b  and  h  and  hb  will  be  ti 
of  the  hip-rafter.    Through  e  draw  di  at  right-angles  to  be.    With  b  as 

h 
a 


b  m    g  d  c 

Fig.  92.    Lengths  and  Bevels  of  Hip-rafters  and  Jack-rafters 

and  with  the  radius  bh,  describe  the  arc  ki,  cutting  di  in  i.  Join,  b  an 
extend  gf  to  meet  bi  in  j;  then  gj  is  the  length  of  the  jack-rafter.  Xhe  U 
each  jack-rafter  is  found  in  the  same  manner,  by  extending  its  seat  to 
line  bi.  From/  draw /it  at  right-angles  to  fg;  also//  at  right-angles  to  be. 
fk  equal  to//  by  the  arc  Ik,  or  make  gk  equal  to  gj  by  the  arc/ib;  thea  tl 
at/  is  the  top  bevel  of  the  jack-rafteis,  and  the  angle  at  k  the  dowk  bet 
Backing  of  tfatf  Hip-Rafter.  At  any  convenient  point  in  be  (Fig.  92 
draw  mn  at  right-angles  to  be.  From  o  describe  a  circle,  tangent  to  M, 
be  in  s.  Join  tn  and  s  and  n  and  s.  The  lines  ms  and  ns  form  at  s  the 
angle  for  beveling  the  top  of  the  hip-rafter. 

5.  TRIGONOBfETRT 

It  is  not  the  purpose  of  the  author  to  teach  the  principles  or  uses  of  trij 
etry;  but  for  the  benefit  of  those  readers  who  have  already  acquired  a  knc 
of  this  science,  the  following  convenient  formulas  and  tables  of  natura 
cosines,  tangents  and  cotangents  have  been  inserted.  To  those  who  knc 
to  apply  these  trigonometric  functions,  they  will  often  be  found  of  ^re 
venience  and  utility.  These  tables  are  taken,  by  permission,  from  Searle' 
Engineering,  John  Wiley  &  Sons,  Inc.,  publishers. 


Functions 


1^: 


|ti7if.n)-ansIe£AC  »  axe  £F  and  let  the  radius  AF  «  AJS  «  AH  «i 


aaA-BC 
coBii  ^  AC 
tan  A  «I7F 
OOtil  «HG 
tec  A  ^  AD 
amecA  »  AG 
,Bsia  A^CF^BB 
C0fm  A  ^  ^/C  ^  ^J^ 
dSBcA-BD 

CDCTJCC  A  ^  3& 

durtiA*BF 
dnd  2  A  -  BJ  -  a  £C 


H 


K  . 


L 
A 


•  ^V 

\ 

P>^^^^^ 

BN 

i^ 

E 

a 

\ 

_^ 

/ 

\ 

Fig.  W.    FonctioiM  ol  Right-angled 
Triangle 


tterifia^agled  triangle  ABC  (Pij.  03)  let  AB  «£,  AC  «  6  and  BC  -a 


I  snA 

I  cmA 

I  tuA 

I  eat  A 

I  «cA 

I  oonc  A 

I  mA 

I 

f  CDftn  A 

! 

A 


-- -cosB 


-  -sinB 

c 


i-cotB 

Q 


-  — tanB 

a 


c 
b 

c 
a 

c-b 


-secB 

^  covers  B 
•i^ooexaecB 

^  versin  B 
B 


c 

c-b 

b 

c  —  m 

c 

c-  a 


(ii)  a^csin  A  *6tanA 
(i2)  6  •■ccos  A  "aeot  A 

(14)  a>«ccoaB«>^ootB 

(I5>  ^-csinB-atanB 

a  b 

(16)  C  ■■  ^  ■  -:; — = 

cosB      BinB 

(17)  a  -  V(c  +  M(c-6) 

(x8)  6 -  V(c  +  a)(c-tt) 
(19)  c  -  Va"  +  6« 
(2o)C-9o*-A+B 


o6 
(2i)  area  «  — 


Itt 


I 


SoiiiiiM  ti  otiitii*  TrimiM 


Fig.  M.    Obli4lH^«ngled  TrUugle 


GivoQ 

Required 

Formulaa 

(22) 

il.B.tf 

Cb.e 

C-i8cy-(A  +  J5)             6-^^.8inB 

(23) 

i4,fl.6 

B,C,c 

c  —  -: — J-  •  sin  C 

(24) 

C.a,6 

^(A+B) 

Vi(A+B)-9o^-HC 

(2S) 

WA-B) 

tanW(A-B)-i^tanW(A  +  B) 

(26) 

A,B 

A-H(A+B)  +  H(A-B) 
B-^(A+B)-M(A-B) 

(27) 

c 

'^-^*  +  *^cosH(A-B)-^*-*^«nViM 

(28) 

Area 

/C-HofrsinC 

(29) 

a,b,c 

A 

Let*-H(tf  +  H-c);     eInHA- V^i^-^J 

Cy>) 

CO.MA.  V^'<^J-\  tanHA- \/^£::i*>i 

(31) 

rinA.»'''^'-'*^f^-*^^^-^> 

Area 

be 

^_2(*-6)(i-e) 

vera  A" T 

(32) 

IC-v^j(5-a)(i-6)(*-c;) 

(33) 

A,B,C,a 

Area 

fl»8inBtinC 
'^  "       2  sin  A 

\  Trigonometrical  Functions  03 

OUii|ii»  TkitngtM.    0«aend  Formiflat 

h— 

M    «aA- 5— T--  Vi- COS"  A -tan  A  cos  A 


ll     BiA— asinHAcosHA  —  versAcot^iA 
KB  *  SB  A  -  V^vCT82A  -  V>i(x--oosaA) 

to    001 A  >■ ■■  Vi  —  sin*  A  —  cot  A  sin  A 

*  secA 

P     cobA-i  — vBTsA -2C08»MA  — i-i  — 2sin»HA 
tf     oosA-cos^HA-sin'HA- yTTFW^S^aA" 
I  sin  A       -/ — 7-^ 


4/     I       __         '^i  —  COS*  A  sin  2  A 

WltaoA-y^^,^      X-        ^^        "l  +  cjosaA 

0    tiaA«* — : i —  —  — ^ T- -  cxscc  A  cot  H  A 

^staaA  sin2A 

_  *  *  cos  A       ./  -  . ; 

D    cot  A  « ;  -»  -7 — T  —  ^  cosec'  A  -  i 

tanA       stn  A 

sin 2 A      _  sin 2 A   ^  i+cos2 A 
*  "  I  — cosaA  ~  TersaA  "     sinaA 


D   vosA-i-cofiA ->sinAtanHA-2sin>HA 
1)   TcnA  —  eaec  A  cos  A 

A  eaecA-sccA-i-tanAtanWA-^^ 

iiaHA-V^I^./^ 
K  Ba>A—  aainAcosA 

M  0012A  — aoos*A— I  — oos^A —sinSA  —  X  — 2sin*A 

L.  tanA  .         ^^      1— cosA       4/1  — cosA 


iMtasA- 


x+aecA      *^*'"^'*  ginA  ▼  l  +  cosA 

atanA 


I  — tan*  A 

«^uj       rin  A        i-<-coaA  ^  i 

"'*'*"  vera  A  "     sinA         cosecA-cotA 

aoot  A 


H-venA  i  —cos  A 

1+ VI -^  vers  A      a+vTcTFcosZ) 

(58)  vera 2  A  -i  28in*  A 

I  —  cosA 

(59)  exaec  HA"  ;    ;;         j%  ■   «/-7    .         ^  r 

(l+008A)+  V2(I+C0SA) 

,- »  -        2  tan*  A 

(60)  exsec  2  A 


I  —  Un«  A 

(61)  rin  (A  db  B)  «  sin  A  cos  J3  ±  sin  Bco8  A 

(62)  cos  (A  db  B)  -i  cos  A  cos  B  7  sin  A  sin  B 

(63)  sin  A  +  sin  B  -  2  sin  W  (A  +  B)  COS  H  (A  -  B) 

(64)  sin  A  -  sin  B  -  2  cos  H  (A  +  B)  sin  Vi  (A  -  B) 
(6s)  cos  A  +  COS  B  -  2C08  H  (A  +B)cos  H  (A  -  B) 

(66)  cos  B  -  COS  A  -  2  sin  >HA  +  B)  sin  H  (A  -  B) 

(67)  sin<  A  -  sin*B  -  cos^B  -  ooss  A  «-  sin  (A  +B)  sin  (A  -  B) 

(68)  cos*  A  -  sin*B  -  cos  (A  +  B)  cos  (A  -  B) 

sin(A+B) 


(69)  tanA+tanB 

(70)  tan  A  —  tan  B 


00s  AcosB 

sin  (A  -  B) 
cosAcosB 


lUile  o<  Natural  Stoes  utd  Coslnei 


lable  at  Mitunl  bines  and  Uosmes 


Tiigonometiy 


0 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 

11 
12 
13 
14 
15 
16 
17 
18 
19 
20 

21 
22 
23 
24 
25 
26 
27 
28 
29 
30 

31 
32 
33 
34 
35 
36 
37 
38 
39 
40 

41 

42 
43 
44 
45 
46 
47 
48 
49 
50 

51 
52 
53 
54 
55 
56 
57 
58 
59 
GO 


15 


19 


Sine  Coain 


.25882 
.25910 
.25933 
.25966 
.25994 
.26022 
.26050 
.26079 
.26107 
.26135 
.26163 

.26101 
.26219 
.26247 
.26275 
.26303 
.26331 
.26359 
.26387 
.26415 
.26443 

.26471 
.26500 
.26528 
.26556 
.26584 
.26612 
.26640 
.26608 
.26696 
.26724 

.26752 
.26780 
.26808 
.26836 
.26864 
.26892 
.26920 
.26948 
.26076 
.27004 

.27032 
.27060 
.27088 
.27116 
.27144 
.27172 
.27200 
.27228 
.27256 
.27284 

.27312 
.27340 
.27368 
.27396 
.27424 
.27452 
.27480 
.27508 
.27530 
.27564 


.96593 
.96535 
.96578 
.06570 
.96562 
.96555 
.96547 
.96540 
.96532 
.96524 
.96517 

.96509 
.96502 
.96494 
.96486 
.96479 
.96471 
.96463 
.96456 
.96448 
.96440 

.96433 
.96425 
.96417 
.96410 
.96402 
.96394 
.96386 
.96379 
.96371 
.96363 

.96355 
.96347 
.96340 
.9C332 
.96324 
.9631C 
.96308 
.90301 
.90293 
.96285 

.96277 
.96269 
.96261 
.96253 
.96240 
.96238 
.96230 
.96222 
.96214 
.96206 

.96198 
.96190 
.961S2 
.96174 
.96160 
.96158 
.96150 
.90142 
.90134 
.96126 


Sine  Omn 


*    Coain  |  Sine 
I         7-4" 


.27504 
.27592 
.27620 
.27048 
.27076 
.27704 
.27731 
.27759 
.27787 
.27815 
.27843 

.27871 
.2T899 
.27927 
.37955 
.27983 
.28011 
.23039 
.23067 
28095 
.28123 

.28150 
.23178 
.23206 
.28334 
.28262 
23290 
.23318 
.23346 
.23374 
.28402 

28429 
.23457 
.23485 
.28513 
.285 tl 
.23509 
.28597 
.280i3 
.28652 
.28080 

.2870<i 
.28730 
.28764 
.28792 
.28820 
.28847 
.28875 
.28903 
.28931 
.28959 

.28987 
.29015 
.29042 
.29070 
.29098 
.29126 
.29154 
.29182 
.29209 
.29237 


.90126 
.96118 
.90110 
.90102 
.90094 
.90036 
.90078 
.96070 
.90002 
.90054 
.96046 

.96037 
.96029 
.96021 
.96013 
.96005 
.95997 
.95980 
.95981 
.95972 
.95064 

.95956 
.95948 
.95940 
.95931 
.95923 
.95915 
.95907 
.95898 
.95890 
.95882 

.95874 
.96305 
.95857 
.95849 
.95841 
.95832 
.95824 
.95816 
.95807 
.95799 

.96791 
.95782 
.95774 
.96766 
.96757 
.05749 
.95740 
.95732 
.95724 
.96715 

.95707 

.95098 

.950901 

.95681 

.95673 

.95664 

.95656 

.95647 

.95639 

.95630 


17' 


t^ine  '.'09in 


jCogJn  tSine 
I'    73° 


.29237 
.29265 
.29293 
.29321 
.29348 
.2937n 
.29404 
.20432 
.29460 
.29487 
.29515 

.29548 
.29571 
.29599 
.20026 
.29654 
.20682 
.20710 
.30737 
.20705 
.29793 

.29821 
.20349 
.20370 
.20904 
.20932 
.30960 
.29937 
.30015 
.30043 
.30071 

.30098 
.S012C 
.30154 
.30182 
.30209 
.30237 
.30265 
.30292 
.30320 
.30348 

.80876 
.30103 
.30431 
.30^159 
.80430 
.30514 
.30542 
.30570 
.30597 
.30625 

.30653 
.30680 
.3070S 
.30736 
.30763 
.30791 
.30810 
.30346 
.30874 
.30902 


.95630 
.95622 
.95613 
.95605 
.95596 
.95588 
.95579 
.95571 
.95562 
.95554 
.95545 

.05536 
.95528 
.95519 
.95511 
.95502 
.95493 
.95485 
.95476 
.95467 
.95459 

.95450 
.95441 
.95433 
.95-124 
.95115 
.95407 
.95398 
.95389 
.95380 
.96372 

.95363 
.05354 
.95345 
.95337 
.95328 
.95319 
.95310 
.05301 
.95293 
.95284 

.95375 
.05266 
.95257 
.95248 
.95240 
.95231 
.95222 
.95213 
.95204 
.95195 

.95188 
.95177 
95168 
95159 
.95150 
.95142 
.95133 
.95124 
.95115 
.95106 


18' 


Sine  Cosin 


ICoain  Sine 
I    72*' 


.30903 
.30929 
.30957 
.30985 
.31012 
.31040 
.31063 
.31095 
.31123 
.31151 
.31178 

.31206 
.31233 
.31201 
.31289 
.31316 
.31344 
.31372 
.31399 
.31427 
.31454 

.31482 
.31510 
.31537 
.31505 
.31593 
.31620 
.31648 
.31675 
.31703 
.31730 

.31758 
.31780 
.31813 
.31841 
.31808 
.31890 
.31923 
.31951 
.31979 
.32000 

.32034 
.32001 
.32089 
.32110 
.32144 
.32171 
.32199 
.32227 
.32254 
.32282 

.32309 
.32337 
.32364 
.32392 
.32419 
.32447 
.32474 
.32502 
.32529 
.32557 


.95100 
.95097 
.95088 
.95079 
.95070 
.95061 
.95052 
.95043 
.95033 
.95024 
.95015 

.95006 
.94997 
.94988 
.94979 
.94970 
.94961 
.94952 
.94943 
.94933 
.94924 

.94915 
.94900 
.94897 
.94838 
.94878 
.94869 
.94860 
.94851 
.94842 
.94832 

.94823 
.94814 
.94805 
.94795 
.94780 
.94777 
.94768 
.94758 
.94749 
.94740 

.94730 
.94721 
.94712 
.94702 
.94693 
.91684 
.94674 
.94665 
.94666 
.94646 

.94637 
.94027 
.94618 
.94609 
.94599 
.94590 
.93580 
.94571 
.94561 
.94552 


19' 


Sine  Oo 


Cown  Sine 
71" 


.82557 
.32584 
.32012 
.32630 
.32©67 
.32094 
.32722 
.3274P 
.33777 
.82804 
.32832 

.82850 

.2r:cS7^jw 


.82014 
.32942 
.329t>0 
.32097 
.83024 
.33051 
.33079 
.83106 

.33134 
.33161 
.331S9 
.33216 
.33244 
.33271 
.33298 
.83326 
.33353 
.33381 

.33408 
.33436 
.33463 
.33490 
.33518 
.33545 
.33573 
.33600 
.33627 
.33655 

.33682 
.33710 
.23737 
.33764 
.33792 
.33319 
.33846 
.33874 
.33901 
.33929 

.33956 
.33933 
.34011 
.3403S 
.34065 
.34093 
.84120 
.34147 
.34175 
.34202 


.9^ 
.94 

% 

.94 
.94 
.94 
iN 


.94 
.94 
.94 
.94 
.94 
.94 

^ 

.94 
.94 
.94 
.94 
.94 
.94 
.94 
.94 
.94 
.94 

.94 
.94 
.94 
.94 
.94 
.94 
.94 
.94 
.94 
.94 

.04 

.94 
.94 
.94 
.94 
.94 
.94 
.94 
.94 
.94 

.94 
.94 
.94 
.94 
.94 
.94 

.93 
.93 
.93 


11 


Oorin  S 
70** 


Table  of  Natunl  Sues  and  Couoes 


100 


TEigoQonietry 


0 
1 

2 
8 
4 

6 
7 
8 
9 
10 

n 

12 
13 
14 
15 
16 
17 
18 
19 
20 

21 
22 
23 
24 
26 
26 
27 
28 
29 
80 

81 
82 
83 
84 

86 
86 
87 
88 
80 
40 

41 
42 
43 
44 
45 
46 
47 
48 
49 
50 

51 
52 
53 
54 
55 
56 
57 
58 
59 
60 


25* 


Bixie  Conn 


.42262 
.42288 
.42315 
.42841 
.42867 
.42304 
.42420 
.42416 
.42473 
.43499 
.42525 

.42552 
.42678 
.42604 
.42631 
.42657 
.42683 
.42709 
.42736 
.42702 
.42788 

.42816 
.42841 
.42867 
.42894 
.42920 
.42046 
.42972 
.42999 
.48025 
43051 

.480n 
.43104 
.43130 
.43156 
.13182 
.48209 
.432.'t5 
.43361 
.4.32S7 
.43313 

.43840 
.43306 
.43392 
.43418 
.43445 
.43471 
.43407 
.48523 
.43549 
.43575 

.48602 
.48628 
.43654 
.43680 
.43706 
.48733 
.43759 
.43785 
.43811 
.43837 


rVtain     flinA 


.00631 
.00618 
.90605 
.90594 
.90582 
.90509 
.90.557 
.90545 
.90532 
.90520 
.90507 

.90495 
.90488 
.90470 
.90458 
.90440 
.90133 
.00421 
.90408 
.90396 
.90383 

.90371 
.9ai58 
.90346 
.90884 
.90321 
.90800 
.90290 
.90284 
.00271 
.90259 

.90246 
.90233 
.90221 
.90208 
.90196 
.90183 
.90171 
.90158 
.90146 
.90133 


.90120 
.9010S 
.90095 
.90082 
.90070 
.900.57 
.tM)045 

,90019 
.90007 

,89994 
,99981 
,89968 
,89056 
.89943 
,89930 
,80918 
,89905 
.89892 
,89879 


2^ 


Sine  Coflin 


.48887 
.43863 
.43889 
.43916 
.48942 
.43966 
.48994 
.44020 
.44046 
.44072 
.44098 

.44124 
.44151 
.44177 
.44203 
.44220 
.44255 
.44281 
.44307 
.44333 
.44859 

.44885 
.44411 
.44437 
.44464 
.44490 
.44516 
.44542 
.44568 
.44594 
.44620 


.80879 
.80807 
.89854 
.89841 
.89823 
.89816 
.80808 
.89700 
.89777 
.89764 
.89752 

.80780 
.80726 
.80713 
.89700 
.80687 
.80674 
.89662 
.89640 
.89636 
.89623 

.89610 
.80507 
.89584 
.89571 
.80558 
.89545 
.89532 
.89519 
.89506 
.89493 


.44698 
.44724 
.44750 
.44776 
,44802 
,44828 
.448.54 
,448801 


44906 

44932 

.44958 

44984 

45010 

1.45036 

.45062 

.45088 

.45114 

.45140 

.45166 
.45192 
.45218 
.45348 
.45269 
.45295 
.4.5321 
.45347 
.45373 
.45399 

C*.rtmn 


44646  .89480 
44f.72  .89467 
.89454 
.89441 
.89428 
.89415 
.89402 
.89389 
.89370 
.89363 

.89350 
.89337 
.89324 
.89311 
.89208 
.89285 
89272 
.89259 
.89245 
.89232 

.89219 
.89206 
.89193 
.89180 
89167 
.89153 
.89140 
89127 
.89114 
89101 


Ain* 


«7* 


8iiie  Coflin 


.45309 
.45425 
.45451 
.45477 
.45503 
.45529 
.45554 
.45580 
.45606 
.45632 
4565S 

.45684 
.45710 
.45786 
.45762 
.45787 
.45813 
.45839 
.45805 
.45891 
.45017 

.45042 
.45068 
.45994 
.46020 
.46046 
.46072 
.46097 
.46123 
.46149 
.46175 


.46201 
.46226 
.46252 
.46278 
.46304 
.46330 
.46355 
.46381 
.46407 
.46433 

.46458 
,46484 
,46510 
,16536 
,46501 
46587 
46613 
46639 
40664 
46690 

.46716 
.46742 
.46767 
.46793 
.46819 
46844 
46870 
.46896 
.46921 
.46947 


rVwin 


.80101 
.80087 
.89074 
.89061 
.89048 
.89035 
.89031 
.89008 
.88995 
.88981 
.88968 

.88055 
.88942 
.88928 
.88915 
.88902 
.88888 
.88875 
.88862 
.88848 
.88835 

.88822 
.88808 
.88795 
.88782 
.88708 
.88755 
.88741 
.88728 
.88715 
88701 


.88688 
.88674 
.88601 
.88647 
.88634 
.88620 
.88607 
.88593 
.88580 
.88566 

.88558 
.88539 
.88526 
.88512 
.38490 
.88485 
.88472 
.88458 
.88445 
.88431 

.88417 
.88404 
.88390 
.88377 
.88303 
.88349 
.88336 
.88322 
.88308 
.88295 


as^ 


Sine  Coflin 


.46047 
.46073 
.46999 
.47024 
.47050 
.47070 
.47101 
.47127 
.47153 
.47178 
.47304 

.47229 
.47255 
.47381 
.47806 
.47332 
.47858 
.47883 
.47409 
.47434 
.47460 


Pi 


nm 


.47486 
.47511 
.47537 
.47562 
.47588 
.47614 
.47639 
.47665 
.47090 
.47716 

.47741 
.47767 
.47793 
.47818 
.47844 
.47869 
.47895 
.47920 
.47946 
.47971 

.47997 
.48022 
.48048 
.43073 
.48099 
.48124 
48150 
.48175 
.48201 
.48226 

.48352 
.48277 
.48803 
.48328 
.48354 
.48379 
.48405 
.48430 
.4<t456 
.48481 


.88305 
.88281 
.88267 
.88254 
.88240 
.88226 
.88218 
.88199 
.88185 
.88172 
.88158 

.88144 

.881301 

^117 

.88103 

.88089 

.88075 

.88062 

.88048 

.88084 

.88020 


w 


Sioe  Cod 


.48481.874) 


.48506 
.48532 
.48557 
.48588 


.48608.8711 
.48684  .878! 
.48650  .873( 
.48684  .873< 
.48710  .878S 


.874 
.874! 
.8741 
.8741 


Prinn 


.88000 
.87093 
.87970 
.87065 
.87951 
.87987 
.87928 
.87909 
.87896 
.87882 

.87868 
.87854 
.87840 
.87826 
.87812 
.87798 
.87784 
.87770 
.87756 
.87743 

.87729 
.87715 
.87701 
.87687 
.87673 
.87659 
.87645 
.87631 
.87617 
.87603 

.87589 
.87575 
.87561 
.87546 
.87532 
.87518 
.87504 
.87490 
.87476 
.87402 


RitMi 


.48735 

.48761 
.48786 
48811 
.48837 
.48862 
.48888 
.48918 
.48938 
.48964 
.48980 

.49014 
49040 


.8711 

.S73( 
JS73i 
.8721 
^7» 
.87Se 
.8731 
.372S 
.879(1 
.8719 
.8717 

.8716 

.8715 

.490651.8711 


.49090 

.49116 

.49141 

.491661 

.49192 

.40217 

.4924? 

.49268 
.49298 
.49318 
.49344 
.49309 
.49394 
.49419 
.49445 
.49470 
.49495 

.40521 
.49546 
.49571 
.49596 
.49622 
.49647 
.49672 
.49697 
.49723 
.49748 

.49n3 
.49798 
.49824 
.49849 
.49874 
.49809 
.49924 
.49950 
.49975 
.50000 


rVMRn 


.87U 
,8716 
.8701 
.870? 
.8706 
.8709 
870E 

.8701 
870Q 

lOQVp 

.8097 
.8096 

.8098 
8092 
8090 
8690 

.8687 

.8686 
.86841 
.8688 
.8689 
.8080 
.8679 
.8677 
.8676 
8674 

8678 
.8671 
8670 
8660 
8667 
.8600 
.860« 
.8868 
.8661 
SOOO 


flffM 


Table  of  Natural  Sines  and  Coanes 


J6603I 

.M588 
.^6573 


Xlil 


mV'MBOl 


SiS&lS 


81* 


Sine  Coam 


Ue3:i-^M67 

.»442 

-SN27 

JSb3&S 
Jfi(S!.^10 


.mil 

.«222 
ii6207 

-«»il7S 
^163 


MM 

«:» 

MRU 


d 


.S6I04 


.S6074 
„u^  .86039 

1I6M.S6015 

iifla.Mooo 


55970 


31504 
31529 
.51S54 
.51579 
•.5lfi04 
'.5162S 
;. 51653 
.5167S 
.51703 
.5172S 
31753 

31778 
31803 
31S2S 
31*52 
131877 
31902 
31927 
31962 
31977 
32002 

3202e 

32051 

.52076! 

.52101 

32126 

.52151 

32175 

.52300 

.52225 

32250 

.52275 
.52209 
.52324 
.52349 
.525174 
.52399 
.52423 
.52448 
32473 
32498 


.J55SS1 


il3M 
Sim 

A3(H}.85838 
SXm  AS82I 
£S4.a&S0r), 
tt?9.S5792 
A«4|-85777 
il425\S5762 
li4U  .85747 
A5T32 
35717 


32522 

'32547 
.52572 
.52597 
.52621 
.52646 
.52671 
32096 
32720 
32745 

.52770 
.52794 
.52819 
.52844 
.5286f» 
.52893 
32918 
.52943 
.52967 
32992 


^717 
.85702 
.85687 
.S5672 
.85657 
.85642 
.85627 
.85612 
.85597 
.85532 
.85567 

.85551 
.85536 
.85521 
.85506 
.85491 
j<5476 
.85461 
.85446 
.85431 
.85416 

.85401 
.S53S5 
.85370 
.85355 
.85340 
.85325 
.85310 
.85294 
.85279 
.85264 

.85249 
.85234 
.85218 
.85203 
.8518S 
.85173 
.85157 
.851 42 
.85127 
.85112 

.85096 
.85081 
.85066 
.85051 
.85035 
.85020 
.85005 
.849S9 
.84974 
.84959 

.M943 

.84928 
.84913 
.84897 
.84SS2 
.845566 
.84851 
.84836 
.84»20 
.84805 


CoaSn     Sine 


8S' 


Sixie  CosiD 


.53992 
33017 
33041 
.530661 
.53091 
.53115 
.53140 
33164 
.53189 
.53214 
.58238 

.53263 

.53288 
.53312 
.53337 
.53361 
53386 
53411 
.53435 
.53460 
.53484 

.58509 
.53534 
.53558 
.53583 
.53007 
.52032 
.53656 
.53681 
.53705 
.53730 

.68754 
.53779 
.53804 
.53828 


.84805 
.84789 
.84774 
.84759 
.84743 
.84728 
.84712 
.84697 
.84681 
.84666 
.84650 

.84635 
.84619 
.84604 
.84588 
.84573 
.84557 
.84.542 
.84526 
.84511 
.84495 

.84480 
.84464 
.84448 
.84433 
.84417 
.84402 
.84380 
.84370 
.84355 
.84339 

.84324 
.84308 
.84292 
.84277 
538531.84261 


.63877 
.53902 
.58926 
.53951 
.53975 

.54000 
.54024 
.54049 
.54073 
.54097 
.54122 
.54146 
.54171 
34195 
.54220 

.54244 
.54269 
.54293 
.54317 
.54342 
.54366 
.54391 
M415 
54440 
.54464 


.84245 
.84230 
.84214 
.84198 
.84182 

.84167 
.84151 
.84135 
.84120 
.84104 
.8408S 
.84072 
.84a'i7 
.84041 
.84025 

.84009 
.83994 
.83978 
.83962 
.8394C 
.83930 
.83015 
.83899 
.a3SS3 
.83857 


83' 


Sine  Coain 


lOorin  Sine 


.54464 
.64488 
.54513 
.54537 
.54561 
.54586 
.54610 
.64635 
.54659 
.54683 
.54708 

.54732 
.64756 
.64781 
.64805 
.54829 
.54854 
.64878 
.54902 
.54927 
.54961 

34975 
31999 
.55024 
.55048 
.55072 
.55097 
.55121 
35145 
.55169 
.55194 

.65218 
.56242 
.55266 
.55291 
.55315 
.55339 
.55363 
.55388 
.65412 
.55436 

.66460 
.55484 
.55509 

35557 
.555S1 
.55605 
.55630 
.55054 
.66678 

35702 
.55726 
.55750 
.55775 
.55799 
.55823 
35847 
.55871 
.55805 
.'>5919 


.83807 
.83851 
.83835 
.83819 
.83804 
.83788 
.83772 
.83766 
.83740 
.83724 
.83708 

.88892 
.83676 
.83660 
.83645 
.83629 
.83613 
.83597 
.83581 
.83565 
.33649 

.83533 
.83517 
.83501 
.83485 
.83469 
.83453 
.83437 
.83421 
.83406 
.83389 

.88873 
.83356 
.83340 
.83324 
.83308 
.83292 
.83276 
.83260 
.83244 
.83228 

.82212 
.83195 
.83179 
.83163 
.83147 
.83131 
.83115 
.83098 
.83082 
.83066 

.83050 
.83034 
.83017 
.83001 
.82985 
.82969 
.82953, 
.82936 
.82920' 
.82904! 


84^ 

Sine  Coam 


Cogin  Sine 


.69919 
.66943 
.56968 
.65992 
.66016 
.66040 
.66064 
.66088 
.56112 
.66136 
.66160 

66184 
56208 
56232 
56256 
56280 
56306 
56320 
56353 
56377 
66401 

.56425 
.56449 
36473 
.56407 
56521 
.56645 
.66569 
.66593 
.56617 
36641 

.66665 
36689 
.66713 
.56736 
.56760 
.56784 
.56808 
36832 
.56856 
36880 

.56904 
.56928 
.56952 
.56970 
.57000 
37024 
.57017 
.57071 
57095 
.57119 

.57143 
57167 
57191 
.57215 
.57238 
.57262 
.57286 
.57310 
.57334 
.57358 


.82904 
.82S87 
.82871 
.82855 
.82839 
.82822 
.82806 
.82790 
.82773 
.82767 
.82741 

.82724 
.82708 
.82692 
.82676 
.82659 
.82643 
.82626 
.82610 
.82593 
.82577 

.82561 
.82544 
.82528 
.82511 
.82496 
.82478 
.82462 
.82446 
.82429 
.82413 

.82396 
.82380 
.82363 
.82347 
.82330 
.82314 
.82297 
.82281 
.82264 
.82248 

.82231 
.82214 
.82198 
.82181 
.82165 
.82148 
.82132 
.82115 
.8209vS 
.82082 

82065 

82048 

82032 

82015 

.81999 

.81982 

81965 

.81949 

81932 

81915 


Coflin  I  Sine 


6( 
6( 
6£ 
57 
66 
6£ 
64 
62 
52 
51 
60 

49 

48 
47 
46 
45 
44 
43 
42 
41 
4C 

89 
38 
37 
36 
35 
34 
32 
32 
31 
30 

29 
2S 
27 
2(! 
2."^ 
24 
2? 
22 
21 
2C 

Ifi 
18 
17 
1€ 
15 
14 
13 
12 
11 
10 

9 
8 
7 
6 
6 
4 
3 
2 
1 
0 


102 


Trigonometry 


0 

35* 

36*    1    37* 

38* 

89* 

Sine 

Cosin 

Sine 

Coatn 

Sine 

Cosin 

.79804 

Sine 

Cosin 

Sine 

CVmI 

.57358 

.81915 

.53779 

.80902 

.00182 

.61566 

.78801 

.62932 

y?? 

1 

.57381 

.81899 

.53302 

.80385 

.60205 

.70840 

.01589 

.78783 

.62955 

.77« 

2 

.57405 

.81882 

.53326 

.80307 

.60228 

.79829 

.61612 

.78766 

.62977 

.77© 

3 

.57429 

.818G5 

.53849 

.80350 

00251 

.79311 

.61636 

.78747 

.63000 

.770 

4 

.57453 

.81843 

.53373 

.80333 

.00274 

.79793 

.61058 

.78729 

.63022 

.TTtf- 

5 

.57177 

.81832 

.53396 

.80316 

.60298 

.79776 

.61681 

.78711 

.63045 

.77« 

6 

.57501 

.81315 

.53920 

.80799 

.00321 

.79758 

.61704 

.78694 

.63068 

.77fl( 

7 

.57524 

.81798 

.539« 

.80732 

.60314 

.79741 

.6172C. 

.78670 

.63090 

.7751 

8 

.57548 

.81782 

.53967 

.80765 

.00367 

.79723 

.61749 

.78658 

.63113 

.775< 

9 

.57572 

.81765 

.5^990 

.80718 

.60390 

.79700 

.01772 

.78640 

.63135 

.775! 

10 

.57596 

.81743 

.59014 

.8i»730 

.60414 

.79088 

.61795 

.78022 

.63158 

.7751 

11 

.57619 

.81731 

.5<»37 

.80713 

.00437 

.79671 

.61318 

.7800-1 

.63180 

.775! 

12 

.57643 

.81714 

.59061 

.80J0G 

.60400 

.79663 

.61341 

.78530 

.63203 

.774,* 

13 

.57607 

.81698 

.53081 

.80379 

.60183 

.79035 

.61864 

.73503 

.03225 

.7745 

14 

^7691 

.81631 

.50103 

.80362 

.60506 

.79618 

.61337 

.78550 

.63248 

.7741 

15 

.57715 

.816G4 

.50131 

.80344 

.60529 

.79600 

.01900 

.78532 

.03271 

.7743 

If) 

.57738 

.81047 

.50154 

.80327 

.00553 

.79533 

.61032 

.78514 

.03293 

.7742 

17 

.57762 

.81631 

.53178 

.SQMO 

.60576 

.79505 

.019,55 

.7849C. 

.03316 

.774<i 

IS 

.57780 

.81614 

.50201 

.80533 

.00509 

.79517 

.61973 

.78478 

.03338 

.77«a 

10 

.57810 

.81597 

.59225 

.8057f, 

.00':'22 

.79530 

.62001 

.784CO 

.G33«l 

.773« 

20 

.57833 

.81530 

.50248 

.80553 

.60645 

.79512 

.62024 

.78442 

.63383 

.77W 

21 

.57S57 

.81503 

.50272 

.80341 

.60308 

.79494 

.62046 

.78424 

.03406 

.77M 

22 

.57881 

.815(0 

.50235 

.80524 

.00391 

.79477 

.62009 

.78405 

.63428 

.7731 

23 

.57901 

.81530 

.50318 

.80507 

.00714 

.79159 

.62092 

.73387 

.63451 

.7728 

24 

.57928 

.81513 

.50312 

.80489 

.6073: 

.79411 

.62115 

.78309 

.60473 

.7727 

25 

.57952 

.81496 

.50305 

.80472 

.00701 

.79424 

.6213'^ 

.78351 

.63496 

.7723 

28 

.57976 

.81479 

.59389 

.80455 

.60784 

.79106 

.62160 

.78333 

.63518 

.7723 

27 

.57999 

.81462 

.50412 

.3043S 

.60307 

.70338 

.62183 

.78315 

.63540 

.7721 

28 

.58023 

.81445 

.5043C 

.80420 

.00330 

.79371 

.62206 

.78207 

.63563 

.771fl 

29 

.58047 

.8142.3 

.50150 

.80103 

.60353 

.79353 

.62220 

.73270 

.03535 

.7718 

30 

.58070 

.81412 

.50482 

.80336 

.00370 

.79335 

.02251 

.782C1 

.63608 

.771(1 

31 

.58094 

.81395 

.59506 

.80308 

.60899 

.79318 

.62274 

.78243 

.63630 

.7714 

82 

.53118 

.81378 

.59529 

.80351 

.80922 

.70300 

.62237 

.7S226 

.63653 

.7713 

33 

.58141 

.81361 

.53552 

.30334 

.60916 

.79232 

.62320 

.73200 

.63675 

.77K 

31 

.5S165 

.81344 

.5957G 

.80316 

.oooor, 

.70264 

.62342 

.7818" 

.63008 

.7708 

35 

.58189 

.81327 

.59599 

.80290 

.00001 

.70217 

.62305 

.78170 

.63750 

.77*13 

<f6 

.5S212 

.81310 

.59622 

.80232 

.61015 

.79229 

.62333  .78152 

.63742 

.770< 

37 

.58236 

.81293 

.59646 

.80264 

.61031 

.79211 

.62411 

.78134 

.63705 

.770Q 

39 

.53230 

.81270 

.59669 

.80247 

.01051 

.79193 

.62433 

.78116 

.63787 

.7701 

39 

.53283 

.81259 

.59693 

.80230 

.61031 

.79170 

.6245^. 

.78098 

.63810 

.7691 

10 

.58307 

.81242 

.59716 

.80212 

.61107 

.79158 

.62479 

.78070 

.63832 

.7601 

41 

.58330 

.81225 

.59739 

.80195 

.61130 

.79140 

.62502 

.78061 

.63854 

.7693 

42 

.53354 

.81203 

.50763 

.80178 

.61153 

.79122 

.62524 

.780-13 

.03877 

.7604 

43 

.58378 

.81191 

.59786 

.80160 

.01170 

.70105 

.62547 

.73025 

.03899 

.7699 

44 

.58401 

.81174 

.50309 

.80143 

.61199 

.79037 

.62570 

.78007 

.63022 

.709e 

45 

.53425 

.81157 

.50332 

.80125 

.61232 

.79009 

.62592 

.7793-'^ 

.63944 

.708! 

46 

.58449 

.81140 

.50356 

.80105 

.61245 

.79051 

.62615 

.77970 

.03066 

.76S( 

47 

.58472 

.8112.1 

.50379 

.80001 

.61263 

.79033 

.62638 

.77952 

.63959 

.7684 

48 

.58196 

.8110<3 

.51902 

.80073 

.61291 

.79016 

.62660 

.77931 

.61011 

.7682 

49 

.58519 

.81030 

.53020 

.80056 

.61314 

.78998 

.62083 

.77910 

.64033 

.7681 

50 

.53543 

.81072 

.59949 

.80038 

.61337 

.78980 

.62706 

.77897 

.64aS6 

.7671 

51 

.55567 

.81055 

.59972 

.80021 

.61360 

.78962 

.62728 

.77870 

.64078 

.7671 

52 

.58590 

.8103S 

.50995 

.80003 

.61333 

.78944 

.62751 

.77861 

.64100 

.7671 

53 

.58614 

.81021 

.60019 
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INTRODUCTION 
lUHATlON  OF    SUBJECT-MATTER  AND  NOTATION 

1«  Introdiiction  to  Part  II 

Igect-Mstter  of  Put  IL  In  the  thirty-one  chapters  of  Part  11  are 
I  the  accessary  rules,  formulas  and  data  for  computing  the  strength  and 
i?  gf  aS  oitlinary  forms  of  building-construction,  whether  of  wood,  steel, 
Bt  or  ixaaaoiy,  and  in  fact  of  all  but  the  more  intricate  problems  of  steel 
ncasa,  with  which  few  architects  care  to  cope,  and  which,  indeed,  are 
t^edaBy  within  the  province  of  the  engineer. 

le  Rakt  and  Pommlns  have  been  reduced  to  their  simplest  forms,  and, 
leal,  icqiore  only  an  elementary  knowledge  of  mathematics  to  understand 
L  The  appiication  of  the  formulas  b  explained  and  in  most  cases  their 
IZE3.  and  it  is  believed  that  the  formulas,  constants  and  working  stresses 
Hirvntalive  of  o>nservative  and  approved  contemporary  practice. 

■Sims  and  Working  Streaaao*  in  the  use  of  constants  for  the  strength 
Kedals,  the  authors  and  editors  have  been  guided  by  the  practice  of  leading 
tsii  eagiiieeis,  by  the  available  records  of  tests  and  by  their  own  expe- 
t  of  many  years  as  practicing  and  consulting  architects  and  engineers. 
m^ywg  oomdhions  of  building-construction  have  been  taken  into  account 
m.  attempt  made  to  adapt  the  values  to  the  practical  conditions  usually 
e^  sodb  construction.  Every  possible  precaution  has  been  taken  to 
m  the  mtsapfJication  of  rules  and  formulas  and  to  insure  absolute  safety 
■t  inidue  waate  of  materials. 

Hn.  Much  thought  and  labor  have  been  expended  on  the  preparation 
B  ■anoDos  tables^  to  insure  their  accuracy  and  to  arrange  them  in  the 
ifiKFcoiciit  form  for  use  by  architects  and  builders.  Many  of  these  tables 
nmpnttti  by  the  authors  and  editors,  all  have  been  carefully  verified,  and 
hdevcd  that  they  nuiy  be  used  with  perfect  confidence.  In  all  cases,  un- 
itknnae  noted,  they  give  the  same  values  that  would  be  obtained  by 
t  tke  fotmuias  specially  referred  to,  while  they  afford  a  great  saving  of 
and  labor  and  i«luce  to  a  minimum  the  danger  of  errors  in  making  the 
■nr  cDBiptttatiofis. 

iHbBeot  of  tlie  Svbject  Owing  to  the  nature  of  the  subjects  treated 
ie  kxge  number  of  pages  required  to  include  them  all  in  one  book  of  ref  er- 
■ne  fonns  of  construction  are  treated  rather  briefly.  The  intention  is  to 
ifae  data  needed  for  inunediate  use  rather  than  a  complete  discussion  of 
k  principles  involved.  Those  who  wish  more  complete  discussions  of 
■"  vofk,  carpenters'  work,  steelwork,  etc.,  are  referred  to  treatises  on 
Ikudies  of  building-construction.  References  are  made  in  the  different 
kB  to  various  other  books  and  periodicals  containing  more  complete 
MdoB  on  some  of  the  subjects.  The  thirty-one  chapters  of  Part  II 
ipriadpaOy  with  foundations,  walls  and  piers,  arches,  columns,  beams 
l^das,  floors,  mill-construction,  fireproofing,  reinforced-concrete  con- 
risa,  iQof-trusses,  wind-bradng,  and  domes  and  vaults. 
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2.  Bz]d«nation  of  the  Notation  or  Symbola  used  in  Part 

Besides  the  usual  mathematical  signs  and  characters  in  general  use 
lowing  abbreviations  and  symbols  are  frequently  used: 

A     area  of  cross-section;  also,  a  constant  used  in  Chapter  XVI  t 

to  Ha  the  safe  unit  fiber-stress; 
a,  6,  c,  .  .  .  m,  etc.,  known  or  given  distances; 
b      breadth,  as  of  beams; 
C     coefficient  of  strength; 
c      normal  distance  from  neutral  axis  of  cross-section  of  beam 

distant  fiber  in  same; 
d      diameter,  as  of  rivets;  exterior  diameter;  depth,  as  of  beams, 
di     interior  diameter; 
E     modulus  of  elasticity; 
Et,  Ee    modulus  of  elasticity  for  steel  and  concrete  respectively  ( 

inforced  concrete); 
e      total  deformation  or  change  in  length,  as  in  a  bar; 
F     shearing-modulus  of  elasticity; 
f      maximum  deflection  for  a  beam; 
h      distance  between  parallel  axes  for  moments  of  inertia; 
/      moment  of  inertia  about  a  line; 
I/c  section-modulus  or  section-factor; 
/     polar  moment  of  inertia; 

/'     polar  moment  of  inertia  of  bolts  about  shaft-axis; 
K     total  elastic  resistance  of  a  bar;  resilience,  work;  also,  a  facto 

stant  used  in  formulas  for  reinforced  concrete; 
/       length;  span  of  a  beam; 
M    bending  moment; 
if  max    maximum  bending  moment; 
Ml,  Mt,  etc.,  bending  moments  at  supports  of  beams; 
Mr  or  Sl/c   moment  of  resistance; 
n      number  of  loads,  spans,  etc.; 
P     external  force;  concentrated  load; 
Ply  Pt,  Pit  etc.,  concentrated  loads  on  beams; 
P      pitch  of  rivets;  eccentricity  of  load  on  column;   ratio  of  cros 

of  steel  to  cross-section  of  beam  (reinforced  concrete) ; 
f      radius  of  curvature;  radius;   radius  of  gyration;  ratio  of  £« 

to  Ee  for  concrete  (reinforced  concrete) ; 
/2i,  Rty  Ri,  etc.,  reactions  at  the  supports  of  a  beam; 
S     unit  stress,  with  subscripts  /,  c  and  s  for  unit  stress  in  tensic 

pression  and  shear,  respectively; 
Sb    buckling  resistance  in  webs  of  steel  beams; 
Sk    horizontal  unit  shearing-stress  in  beams; 
S«    elastic  limit; 

Sf    modulus  of  rupture,  or  computed  flexural  strength; 
/),  /i,  etc.,  thicknesses; 
V     vertical  shear; 
W    weight  of  a  bar  or  beam;   total  uniform  load  on  beam  (may 

weight  of  beam) ; 
ud    total  uniform  load  on  a  beam  (may  include  weight  of  beam) ; 
Vf     weight  of  a  cubic  unit  of  material;  uniform  load  on  beam,  p 

unit  of  length; 

*  See,  also,  page  3  of  Part  I. 


EipLinarioo  ol  tbe  Notation  or  Symbols  128 

tt%s»  vmriible distances; 

■,  3,  etc  material  constants; 

4    CQOstant  depending  upon  material; 

f     aaaagk. 

■k  letters  are  used  generally  for  signs  of  operation,  for  abstract  numbers 

ir  aagks.    2  is  employed  as  a  symbpl  of  summation. 

JE  iJHawiag,  are  the  Greek  letters  most  in  use: 


a  .VIpfaa, 

0  Beta, 

€  Epsilon, 

1?  Eta, 

i  rneta. 

ic   Kappa, 

X  Lambda, 

M  Mu, 

'NX 

«•  Pi, 

p  Rho, 

(T  Sigma, 

r  Taa, 

^Pbi. 

^Psi, 

w  Omega. 

feL   In  a  few  places  in  the  book  it  has  been  considered  necessary  or  advis- 

bj  actme  of  the  associate  editors  to  give  a  difiPerent  meaning  to  one  or 

flf  tbe  above  symbols  or  to  introduce  di Cerent  symbols  for  the  meanings 

ik  the  fiat,  but  in  all  such  cafcses  the  new  symbols  or  meanings  have  been 

□esTly  ladicaied. 

t  tarn  EKEADTH  IS  uscd  to  denote  the  horizontal  thickness  of  a  beam  or 

maSer  dimension  of  the  cross-section  of  a  rectangular  column,  post  or 

isd  tsi  always  measured  in  inches  unless  expressly  stated  otherwise. 

t  tarn  DEPTH  doiotes  the  vertical  height  of  a  beam  or  girder,  and  is  always 

nd  ic  incb«  unless  expres.sly  stated  otherwise. 

t%cssL  LENGTH  dcnotes  the  distance  between  supports  and  is  always  meas- 

■  feet  imless  expressly  stated  otherwise. 

bemtioafl.  In  order  to  shorten  the  formulas,  the  tabulations  of  computa- 
fu^  and  throughout  the  text  generally,  to  economise  space,  the  units  oi 
iEamt  are  generally  abbreviated.  For  example,  foot  and  feet  are  abbre- 
Ifc:  inch  and  inches.  In;  pound  and  pounds,  lb;  square,  sq;  cubic,  cu; 
;  fe;  inch-pound  or  inch-pounds,  in-lb;  foot-pound  or  foot-pounds,  ft-lb; 
i^os;  borse-power,  h.p.;  gallons,  gal;  etc.;  and  no  periods  are  placed  after 
^reviatlons,  except  at  the  ends  of  sentences.  Where  the  word  ton  is 
i  tUs  vgbime,  it  always  means  the  net  ton  of  s  ooo  lb. 
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CHAPTER  I 

EXPLANATION   OF   TERMI^  USED  IN  ARCHITECI 

ENGmEEUNO 

By 
THOMAS  NOLAN 

PROVESSOK  OF  ASGHTIECTURAL  CONSTRUCTION,   UNIVERSITY  OF   PENNg 

1.  Definitions  of  Some  of  the  Terms  Used  in  the  Mechanii 

Materials  * 

Terms  Used  in  Architectural  Engineering.    The  following  tea 

quently  occur  in  discussions  of  the  principles  of  architectural  engineei 
an  understanding  of  their  meaning  is  essential. 

Mechanics  is  the  branch  of  physics  that  treats  of  the  phenomena  ca 
the  action  of  forces  on  material  bodies. 

Applied  Mechsnics  treats  of  the  laws  of  mechanics  as  applied  to  c 
tion  in  the  useful  arts,  as  in  beams,  trusses,  arches,  etc. 

Mechanics  of  Materials  treats  of  the  effects  of  forces  in  causing 
in  the  size  and  shape  of  bodies. 

Rest  is  the  relation  that  exists  between  two  points  when  the  strai 
joining  them  does  not  change  in  length  or  direction.  A  body  b  at  rest  n 
to  a  point  when  any  point  in  the  body  is  at  rest  relatively  to  the  first-m« 
point. 

Motion  is  the  relation  that  exists  between  two  points  when  the  strai 
joining  them  changes  in  length  or  direction,  or  in  both.  A  body  mov 
tively  to  a  point  when  any  point  in  the  body  moves  relatively  to  the  fir 
tioned  point. 

Force  is  that  which  changes,  or  tends  to  change,  the  state  of  rest  or 
of  the  body  acted  upon.  It  is  a  cause  regarding  the  essential  nature  o 
we  are  ignorant.  In  the  mechanics  of  materials  we  do  not  deal  with  the 
of  forces,  but  only  with  the  laws  of  their  action. 

Equilibrium  is  that  condition  of  a  body  in  which  the  forces  acting 
balance  or  neutralize  each  other;  or,  it  is  that  condition  of  a  force-sy: 
which  the  resultant  of  the  force-system  is  zero. 

Statics  is  the  branch  of  Mechanics  that  treats  of  the  conditions  of  equil 
It  is  divided  into: 

(t)  Statics  of  rigid  bodies. 

(2)  Statics  of  practically  incompressible  fluids. 

In  building-construction  we  have  to  deal  only  with  the  former. 

Structures  are  artificial  constructions  In  which  all  the  parts  are  intei 
be  in  equilibrium  and  at  rest  relatively  to  each  other,  as  in  the  case  of  a 
truss  or  roof-truss.    They  consist  of  two  or  more  solid  bodies,  general}} 
PIECES  or  MEMBERS,  whlch  are  connected  at  different  parts  of  their  s 
called  JOINTS. 

*  In  addition  to  the  terms  defined  here,  many  others  are  defined  in  the  cha 
Put  n,  and  especially  in  Chapters  VI,  IX.  X.  XIV,  X\^  XVI,  XX  and  XXIV, 
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t^aaal  there  are  three  conditions  of  equiKbrium  in  a  structure. 
I  Ibe  external  forces  acting  upon  the  whole  structure  must  balance  each 
■>  These  forces  are: 
41  The  veisht  of  the  structure; 
§}  The  loads  it  carries; 
11$  The  T^macd  supporting  forces,  reactions  or  resistances  under  or  around 


9  The  farces  acting  upon  each  piece  of  the  structure  must  balance  each 

K.  These  forces  are,  for  each  piece: 

a"-  The  wdgfat  of  the  piece; 

^4^,  The  loads  it  carries; 

V  The  resistances  or  reactions  at  its  joints. 

B  The  forces  acting  upon  each  of  the  parts  into  which  any  piece  may  be 

jiBd  to  he  divided  must  balance  each  other. 

hi  Stability  of  m  Strocture  requires  the  fulfihnent  of  conditions  (i)  and 
Itet  1%  the  ability  of  the  structure  to  resist  the  displacement  of  any  of  its 

H 

It  Stecmgdi  oi  a  Piece  or  Member  consists  in  the  fulfilment  of  condi* 
i(i),thtt  isv  the  ability  of  a  piece  to  resbt  bkeaiuno. 

f\  Stiffaets  of  a  Piece  or  Member  consists  in  the  ability  of  a  piece  to 
WESDISC. 

ht  Theory  of  Stmctores  is  divided  into  two  parts: 

)  T^i  wtdch  treats  of  strength  and  stiffness,  dealing  only  with  single 

B  ud  generally  known  as  the  strength  or  materials  or  the  mechanics 

fciTTiiiT.s  before  defined. 

I  Thit  which  treats  of  stability,  dealing  with  the  structures  themselves. 

bMi  is  an  internal  force  that  resists  a  change  in  shape  or  sire  caused  by 
^  forces.  Wlien  the  applied  external  forces  reach  certain  intensities 
kional  stresses  bold  them  in  equilibrium. 

It  Intcnaty  of  a  Stress  is  measured  by  the  unit  stress.  (See  Unit 
a)  The  iNTESsmr  op  the  stress  per  square  inch  on  any  normal  surface 
■id  ts  the  total  stress  divided  by  the  area  of  the  section  in  square  inches. 
L  i  a  bar  lo  ft  long  and  3  in  square  has  a  load  of  8  ooo  lb  pulling  in  the 
DOB  of  its  length,  the  stress  on  any  normal  section  of  the  bar  is  8  ooo  lb; 
fte  Blenaty  of  the  stress  per  square  inch  is  8  ooo  lb/4  sq  in  »  3  000  lb  per 

L 

I 

When  a  solid  body  is  acted  upon  by  an  external  force  an 
takes  place  in  the  volume  and  shape  of  the  body,  and  this  alteration 
pal  tile  depormation.  In  the  case  of  the  bar  given  above,  the  deformation 
k  mount  that  the  bar  stretches  under  its  load. 

Ii  miimata  Strength  is  the  highest  unit  stress  a  piece  of  material  can 
fea  aad  it  is  the  unit  stress  at  or  just  before  rupture. 

h  Worfciac  Unit  Stress  is  the  ultimate  stress  divided  by  the  factor  of 

m  Ssfe  Load  is  the  load  that  a  piece  can  support  without  exceeding  the 
■BS>joit  stresses. 


the  terra  straoi  is  now  synanymoos  with  the  tenn  OEPoaiiATioN.  On 
btrf  tbe  teodency  to  confuse  the  terms  strain  and  stress  the  term  deformation, 
■todoioce  diaage  in  shape  and  the  term  strain  is  omitted  in  all  discussions  in  the 

BraMKa 
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The  Factor  of  Safety  *  of  a  piece  of  material  under  stress  is  the  r 
the  ultimate  strength  of  the  material  to  the  actual  unit  stress  on  the  s 
area;  or  it  is  the  number  by  which  the  ultimate  unit  stress  must  be  divi 
give  the  working  unit  stress.  In  designing  a  pi^e  of  material  to  sustaii 
tain  load,  it  is  required  that  it  shall  be  perfectly  safe  under  all  circuxnsi 
and  hence  it  is  necessary  to  make  an  allowance  for  any  defects  in  the  an 
workmanship,  etc.  It  is  obvious,  that,  for  materials  of  diflercnt  compc 
different  factors  of  safety  are  required.  Thus,  steel  being  more  homog 
than  wood  and  less  liable  to  defects,  does  not  require  as  high  a  factor  of 
Again,  different  kinds  of  stresses  require  different  factors  of  safety.  1 
long  wooden  column  or  strut  requires  a  higher  factor  of  safety  than  a  v 
beam.  As  the.  factors  of  safety  thus  vary  for  different  kinds  of  stress 
materials,  the  proper  factors  for  the  different  kinds  of  stresses  and  conditio 
given  in  considering  the  resistance  of  the  various  materials  to  those  s 
under  varying  conditions. 

The  Unit  Stress  is  the  stress  on  a  unit  of  section-area,  and  is  usually  ex] 
in  poimds  per  square  inch.     (See  Intensity  of  Stress.) 

Dead  Loads  and  Live  Loads.  The  term  dead  lo/\d  means  a  load 
applied  and  increased  gradually  and  that  finally  remains  constant,  such 
weight  of  a  structure  itself. 

The  term  live  load  means  a  load  that  is  applied  suddenly  and  causes 
tions,  such  as  a  train  traveling  over  a  railway  bridge.  It  has  been  foi 
experience  that  the  effect  of  a  live  load  on  a  beam  or  other  piece  of  rr 
has  twice  the  destructive  tendency  of  a  dead  load  of  the  same  magnit 
intensity.  Hence  a  piece  of  material  designed  to  carry  a  live  load  shoul 
a  factor  of  safety  twice  as  large  as  one  designed  to  carry  a  dead  load 
load  due  to  a  crowd  of  people  walking  on  a  floor  is  usually  considered  to  p 
an  effect  which  is  a  mean  between  that  of  a  dead  load  and  a  live  load, 
suitable  factor  of  safety  is  adopted  accordingly.  In  municipal  ordinanc 
laws  relating  to  the  allowable  loads  for  floors,  the  loads  to  be  supported 
floors,  exclusive  of  their  inherent  construction  and  stationary  fixtures,  ai 
orally  referred  to  as  the  live  loads  no  matter  of  what  they  may  consis 
the  term  does  not  have  the  exact  significance  given  to  it  by  many  enj 
and  as  explained  in  the  paragraph  above. 

The  Modulus  of  Rupture  or  Computed  Flezural  Strength  is  the 
of  the  UNIT  FIBER-STRESS  S,  Computed  from  the  flexure-formula  M  - 
when  a  beam  is  ruptured  under  a  transverse  load.  Its  value  is  intern 
between  the  ultimate  tensile  and  compressive  strengths  of  a  material. 

The  Elastic  limit  is  that  unit  stress  at  which  the  deformation  of  a  p 
material  begins  to  increase  in  a  faster  ratio  than  the  applied  loads. 
sometimes  called  the  elastic  strength. 

The  Modulus  of  Elasticity  or  Coefficient  of  Elasticity.    In  tr 

on  physics  this  is  often  called  Young's  modulus.  It  we  take  a  bar  of  any 
material,  say  one  inch  square,  of  any  length,  and  secured  at  one  end,  and 
other  apply  a  force,  say  a  certain  number  of  pounds  P,  pulling  in  the  di 

*  The  ELASTIC  UMTTS  of  materials  must  be  considered  in  deciding  upon  worki 
stresses  and  in  forming  a  judgment  of  the  security  of  materials  under  stress.  Wl 
elastic  limit  is  considered  the  actual  allowable  unit  stress  is  made  a  certain  percm 
it.  as  55  or  50%,  according  to  varying  conditions.  Both  ultimate  strengths  aa 
TIC  ldots  mu.st  be  taken  into  account  in  practice.  But  the  use  of  the  factok  of  i 
as  determined  by  the  old  method,  is  still  a  great  help  in  the  study  and  applia 
the  principles  of  the  mechanics  of  materiab,  and  is  used  frequently  in  the  Pockei 
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wt  shall  find  by  careful  measurement  that  the  bar  has  been  stretched 
by  the  action  of  the  force.     If  we  divide  the  total  elongatton  e, 
by  the  original  len^h  /  of  the  bar,  in  inches,  we  shall  have  e/i,  the 
afissATiQN  €•  or  the  elongation  of  the  bar  i)er  unit  of  length;  and  if  we 
tZK  Hoit  stress  S,  developed  (that  is,  in  this  case,  the  external  force  /*, 
bv  the  area  of  the  cross-section  A,  or  P/A)  by  this  ratio  wc  shall  have 
kxtva.  as  the  modui.us  of  elasticity,  E.     Expressed  in  symlx>ls  and 

HP/A 
JBS,  E  —  5/«  —  -Vr-    Hence,  we  may  define  the  modulus  of  elas- 
e/l 

ivis  the  ratio  of  the  unit  stress  to  the  unit  deformation.    Another  definition 

|b  kmx  vbsch  would  elongate  a  bar  of  i  sq  in  in  cross-section  to  double  its 

^  leagth,  if  that  could  be  done  without  exceeding  the  elastic  limit 

^aacoxil.    This  is  evident  from  the  above  equation;    for  if  ^  »  i  and 

(£  vui  equal  P.     These  formulas  apply  only  when  the  unit  stress  5  or  P/A 

m  tiaa  the  elastic  limit  of  the  material.     €  is  an  abstract  number, 

|pe  €  and  /  are  both  linear  quantities,  and  hence  E  is  expressed  in  the  same 

mi,  that  is,  in  toxtsds  per  square  inxh. 

^aa  example  of  one  method  of  determining  the  modulus  of  elasticity  of  any 

pnl  the  £olk>«inK  illustration  is  given: 

ifpKc  we  have  a  bar  of  wrought  iron,  2  in  square  and  xo  ft  long,  securely 

bed  2t  one  eiKi,  and  to  the  other  end  we  apply  a  tensile  force  of  40  000  lb. 

^  farce  causes  the  bar  to  stretch,  and  by  careful  measurement  we  find  the 

to  be  0.0414  in.    As  the  bar  is  10  ft,  or  120  in  long,  if  we  divide 

I7  120,  we  shall  have  the  elongation  of  the  bar  per  unit  of  length.    Per- 

this  operation,  we  have  as  the  result,  0.00034  in.     As  the  bar  is  2  in 

the  area  of  cress-section  is  4  sq  in,  and  hence  the  stress  per  square  inch 

lb.    Dividing  10  000  by  0.00034,  we  have,  as  the  modulus  of  elas- 

cf  the  bar,  29  400  000  lb  per  sq  in.    This  is  the  method  generally  emploj'ed 

the  MODULUS  of  elasticity  of  iron  tics;  but  E  can  also  be  deter- 

^  from  the  deflection  of  beams,  and  it  is  in  that  way  that  its  values  for 

bvQoda  have  been  found.     The  modulus  of  elasticity  is  used  in  the  deter- 

btioQ  of  the  STiFFXESS  of  beams. 

pt  Moffleat  of  a  Force  with  respect  to  an  axis  is  the  product  obtained 
■hiplying  the  magnitude  of  the  force  by  the  shortest  distance  from  the 
i  to  its  fine  of  action.  The  shortest  distance  is  called  the  lever-arm  of 
lace.  The  moment  of  the  force  is  the  measure  of  the  tendency  of  the  force 
■ee  VftAitos  about  the  axis.     (See  Chapter  VI  and  IX.) 

the  Center  of  Grayity  of  a  body  is  the  point  in  the  body  through  which 
hscltant  of  the  forces  exerted  by  gravity  upon  all  the  particles  of  the 
^  passes.  A  body  may  be  balanced  upon  a  point  placed  above  or  below 
tester  of  gravity,  because  the  resultant  of  any  number  of  forces  may  be 
1  k  eqidlibrium  by  an  equal  and  opposite  force.  Another  definition  of  the 
|ni  or  GRAVITY  of  a  body  or  bodies  is:  a  point  such  that  there  is  no  tend- 
^ro  iOTVTioN  about  any  axis  drawn  through  it.  (For  center  of  gravity 
■bees,  lines  and  solids,  see  Chapter  VI.) 

of  the  Prindpal  Strosses  Caused  in  Bodies  by 
External  Forces 

>  is  the  stress  that  resists  the  tendency  of  two  forces  acting  away  from 
to  PLXL  APART  two  adjoining  i^anes  of  a  body. 

I  is  the  stress  that  resists  the  tendency  of  two  forces  acting  toward 
'  to  PUSH  TOGETHER  two  adjoining  planes  of  a  body. 
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Shear  is  the  stress  that  resists  the  tendency  of  two  equal  paralld  f< 
ing  in  opposite  directions  to  cause  two  adjoining  planes  of  a  body  to  i 
on  the  other. 

Torsion  is  the  stress  that  resists  the  tendency  of  forces  to  twist  a  1 

Combined  Stresses.    Parts  of  structures  are  often  acted  wpon  b 
external  forces  which  develop  stresses  of  different  character,  such  as  i 
flexure  and  compression,  flexure  and  tension,  flexure  and  torsion,  shear 
compression  or  tension,  torsion  and  compression,  etc. 
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CHAPTER   n 

FOUNDATIONS 

By 
DANIEL  E.  MORAN 

OF   AaCESICAM  SOCIETY  OF    CIVIL  ENGINEERS 

L  Definition  of  the  Word  and  Terms  Used 


The  word  Foundahqn  b  derired  from  the  Latin  verb  f  usdaks 
JRf  to  wr«hli^  or  lay  the  base^  bottom,  keel  or  foondation  of  anything. 
[Wsh  vord  is  used  in  the  broadest  posatUe  way  to  describe  the  base, 
ioi  or  otherwise,  on  which  anything  b  supported,  and  in  technical  language 
If  be  osed  to  describe  any  part  of  a  structure  on  which  a  subsequent  oper- 
lacoQstructioo  b  superimposed.  Thus  a  plaster  wall  may  be  called  the 
mass  for  a  fabric  to  be  stretched  thereon  and  the  fabric  in  turn  becomes 
IBCSEDAXUN  for  various  coats  of  paint  or  other  decomtiona.  More  spedfi- 
^  ia  vdatbn  to  a  building  or  other  complete  structure  the  word  toundap 
IB  caHbitBDateiy  applied  indiscriminately  (x)  to  construction  below  grade, 
atijodfig  courses,  cellar  walls,  etc^  forming  the  lower  section  of  the  struc- 
r  12)  to  the  natural  material,  the  particular  part  of  the  earth's  surface  on 
kihe  oonstnictioa  rests;  and  (3)  to  special  construction  such  as  piling  or 
wed  to  tnasmtt  the  loads  of  the  building  to  firm  substrata.  In  view  of 
Mefieke  mranfaig  of  the  wcrd  it  b  advisable  to  use  it  either  to  dbtingubh 
stdow  CEade;  or  below  the  tier  of  beanss  nearest  to  grade,  from  work  above 
^  In  even  a  still  more  restricted  sense,  it  might  include  only  the  work 
t  iht  ceOar  or  basement-floor  to  rock  or  other  solid  foundation-bed. 
Cfatster  II,  Subdivision  29,  Chapter  III,  Subdivbion  2,  and  Water- 
^fer  Fottndations,  Part  m.) 

it  Fomdatioik-Bed.  The  natural  material  on  which  the  construction 
s  called  the  foukdation-bed.  Walls,  piers  and  columns  below  grade 
ded,  in  gsieral,  foundation  waixs,  piers  and  columns  to  distinguish 
Boa  amilar  construction  above  gfade  and  occasionally  those  only 
rtke  basement-floor  are  so  called;  the  lower  portions  of  walls,  piers  or 
Bsiadi  axe  spread  to  provide  a  safe  base  will  be  called  footing  courses. 

2.   General  Requiremaatt 

k  Object  of  Foundations.  The  object  to  be  borne  in  mind  in  designing 
imdation  b  to  provide  a  safe  and  permanent  base  for  the  superstructure 
te  the  movement  of  the  base  and  of  the  sup^mposed  structure  shall  be 
■t  poosble  and  shall  result  in  the  least  possible  damage  to  the  structure. 
ir  oaeet  the  above  requirements  the  design  and  construction  should  lal- 
Bfofionog  conditions: 

4e  Ifaicrisls  of  Constracfioa  should  be  proof  against  all  deteriorating 
tas.  or,  if  any  of  the  materiab  are  liable  to  deterioration  they  should  be 
iBesdy  protected. 

tfciams  sad  Futore  Changes.  No  part  of  the  foundation-structure 
I  Older  any  combination  of  loadings,  be  stressed  beyond  safe  limita,  and 
jlAiiily  of  iutuse  additions  or  changes  in  the  superstructure,  or  of  a  change 
i^tfd  the  buildiDg,  should  be  kept  in  mind. 
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(3)  The  Load  on  the  Nttural  Bed  should  be  kept  within  the  sale  liimt  1 
material,  under  the  worst  conditions  to  which  it  may  be  eicposed.  L 
this  limit  the  amoimt  of  settlement  allowable  will  in  many  cases  detem 
limit  rather  than  the  safe  ultimate  bearing  capacity. 

(4)  Adjoininc  Bzcavationa.  The  possble  danger  to  the  structure  oi 
stability  of  the  foundation-bed  from  adjoining  excavations  or  other  dii 
causes  should  be  guarded  against  as  far  as  possible. 

Physical  Conditions  of  the  Site.  In  order  to  meet  the  above  requif 
the  design  should  be  suited  to  the  physical  conditions  existing  at  the  I 
The  architect  or  engineer  should  personally  examine  the  site.  He  should 
all  available  information  relative  thereto  and,  if  necessary,  should  make 
and  tests  so  as  to  secure  reliable  information  on  which  to  base  his  design 
foundation.  The  first  step  is,  therefore,  a  detailed  and  exhaustive  stud; 
cite  to  determine  the  characteristics  of  the  foundation-bed  on  which  th 
ture  is  to  rest. 

3.  Geological  Considerations 

Character  of  the  Foundation-Bed.  A  knowledge  of  geology  is  of  i 
assistance  in  many  cases  in  making  a  proper  estimate  of  the  charactei 
foundation-bed.  While  it  is  not  proposed  in  the  limits  of  this  chapter  to 
any  general  geological  discussion  the  following  notes  may  be  of  value  in  i 
the  architect  to  determine  whether  any  given  deposits  can  be  relied  i 
affording  a  stable  foundation-bed.  Broadly  speaking,  as  the  location 
building  may  be  in  any  part  of  the  world,  so  the  materials  encountev 
belong  to  any  one  of  the  many  geological  formations  forming  thfi  surfao 
earth.  For  practical  purposes,  however,  the  materials  met  with  are  i 
divided  into  rock,  or  materials  other  than  rock,  roughly  defined  as  eai 

4.  Composition  and  Classification  of  Rocks 

Composition  of  Rocks.  Rocks,  and  the  earthy  deposits  derived  froi 
ftre  composed  of  various  minerals  of  which  many  hundred  kinds  are 
each  varying  from  the  others  in  some  particular  of  chemical  compositlo 
of  crystallization  or  other  characteristic.  A  rock  or  an  earthy  deposit  m 
ast  almost  entirely  of  a  single  mineral,  but  it  is  usually  composed  of 
distinct  minerals  or  of  mixtures  of  minerals.  The  principal  classes  c 
forming  minerab  are: 

(i)  The  Silica  Minerals,  composed  of  silica  (SiOs)  in  different  forms; 

(a)  Silicates  or  combinations  of  silica,  ^ith  various  metallic  bases; 

(a)  Calcareous  Minerals  composed  of  cakite  or  carbonate  of  lime  ( 
and  its  combinations. 

(z)  Silica  Minerals  are  diiTerent  forms  of  the  oxide  of  silicon,  ko 
SiucA.    In  the  crystalline  state  silica  is  known  as 

Quartz.  This  is  the  most  abundant  of  all  minerals.  Owing  to  its  h 
and  insolubility  it  resists  decomposition  and  abrasion  better  than  the  n 
with  which  it  is  associated  and  grains  of  it  form  the  principal  oonstit 
sandy  d^wsits.  In  finely  comminuted  particles  it  forms  a  part  of  mosi 
dajTs. 

Flint,  Chert,  Agate,  etc.,  are  non-crystalline  varieties  of  silica.  Siu 
forms  the  cementing  material  in  many  sandstones  and  other  rocks. 

(a)  Silicates  or  combinations  of  silica  with  various  bases  are  second 
portance  only  to  quartz. 
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■p^  an  important  constituent  of  granite  and  other  igneous  locks,  is  a 
bit  ahimina  with  potash,  soda  or  lime.  When  exposed  to  the  acti6n  of 
pi  ^ivty  cfecomposes,  forming  silicate  of  alumina,  the  base  of  da/.  The 
"d&  of  granite  results  in  the  formation  of  clay  and  ciystal^  of  quartz 
The  mica  is  very  slowly  affected  and  the  quartz  is  pr^tically  un- 


The  \'anous  mica  minerals  are  silicates  of  alumina,  with  potash  and 
r  OffistitiieDts.  All  varieties  are  soft  and  split  into  thin  elastic  plates. 
Iputides  of  mica  are  frequently  found  in  sand. 

pileai*  and  Aucite  are  silicates  of  lime,  magneaa,  iron  and  alumina  and 
|llBipicnt  oocunence. 

hte.  Tak  and  Soapstone  Travertine  are  hydrated  silicates  formed  from 
rifcUes  by  a  chemical  change  in  which  a  certain  amount  of  water  Is 
ibd.  These  minerals  are  soft  and  have  a  soapt  fbel.  Special  care  should 
ikea  IB  boikling  foundations  on  rock  of  this  character  to  guard  against  any 
K  oa  tfae  foundation-bed  or  between  parts  of  the  foundation-bed. 

}  Gaknwms  Minenda.  The  following  are  the  principal  calcareous  miner- 
hie  fCaCOi),  carbonate  of  lime,  when  pure  and  crystallized,  is  known  as 
jBB»  SfkR.  It  is  soluble  in  water  containing  COt.  Caldte  in  varying  de- 
\t(  parity  forms  limestone  and  marbles.  As  a  result  of  its  solubility 
pK  asd  voids  are  frequently  found  in  limestone. 

iHta  is  a  caibonate  of  lime  and  magnesia.  It  forms  the  so-called  Dolo- 
iLansiOMEs,  which  are  less  soluble  than  the  calcite  limestone. 

Mi*h  rjiimin  Alabaster,  Anhydrite,  Aragonite  and  Apatite  are  other  and 
■pgctaot  finie>inme!ra]8. 

Micition  of  Rocks.  Kodcs  are  dassified  not  only  according  to  the 
ah  of  which  they  are  composed,  but  also  according  to  the  way  in  which 
kive  bem  formed,  as: 

which  have  solidified  from  a  molten  condition; 

which  have  been  formed  under  water  by  median!- 
or  by  cementation  due  to  chemical  or  organic  proceesses; 

c  or  Ftalooic  Rodu,  which  have  changed  from  thdr  origmal 
lier  as  igneous  or  sedimentary  rocks. 

i]giie«as  or  Phttonic  Rocki  are  not  truly  stratified.  They  may  be 
hi,  crystalline  or  ^assy  in  texture.  GaANrrE,  syenite,  basalt,  trap,  etc., 
BKples.  Lava,  pumjce  and  obsidian  are  volcanic  products,  as  are  also 
bdqwsits  of  mud  and  ash.  With  the  exception  of  volcanic  ash  and  mud, 
p»m  mcks  are  enduring  and  are  not  liable  to  present  any  unforeseen  weak- 
■  feandation-beds. 

Sedimentary  Rocks  are  composed  of  sand,  day  and  other  materials 
Ibf  from  tie  breaking  down  of  the  original  igneous  rocks.  These  materials 
hpaated  in  horizontal  beds  generally  by  settling  from  water,  and  the  con- 
ma  into  rock  was  generally  affected  under  water  by  chemical,  mechanical 
pnc  action.  The  resultant  rock-masses  are  stratified  as  a  result  of  thei» 
best  materials  having  been  deix)sited  in  layers.  As  sand  and  clay  are 
pM  abondant  products  of  rock-decompoaitiori,  so  the  sedimentary  rocks 
iH  freqiienti^  siliceous  (sandy)  or  aegillacbooS  (dayey). 

jpiMa  is  composed  of  grains  of  sand  cemented  together  by  silica,  oxides 
It  or  caibonate  of  lime.    The  durabifity  of  sandstone  depends  on  the  sohk 
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Ulity  of  the  conentfaig  material.  Carbonate  of  lime  being  soluUe,  aaiH 
containing  it  as  cementing  material  yield  to  the  weather  and  are  not  ao  i 
as  sandstones  having  silica,  or  iron  oxide  as  oementing  material. 

ArgDlaceoBs  Rocks  contain  clay  with  fine  sand,  mud,  etc.,  and  while  sha 
some  other  varieties  ars  compact  and  hard  when  fisst  uncovered,  they  ax 
to  deterioration  when  exposed  to  frost,  water  and  other  disintegrating  a| 

Limastooe  is  composed  more  or  less  of  carbonate  of  lime  derived  fn 
calcareous  skeletons  of  marine  animal  and  vegetable  organisms.  Th< 
acter  of  limestone  varies  greatly.  In  so-called  tossiUTBHOva  uaas 
fossils  of  shells  or  corals  indiaute  clearly  its  ori|^,  but  in  oCher  limastoiu 
are  no  fossils  or  other  indications  of  the  organic  origin  of  the  calcareous  m 
Admixtures  of  sand,  clay,  or  other  impurities  may  make  it  difficult  to  dist 
certain  limestones  from  sandstones  or  shales. 

Dolomite  is  a  limestone  containing  a  high  percentage  of  magnrma. 

Hydraulic  Liaiestoae  is  a  limestone  containing  clay. 

Chalk  is  a  soft  limestone  composed  of  the  fine  shells  of  minute  marine 
isms.    In  general,  the  purer  the  limestone  the  more  soluble  it  is  and  the 
the  danger  from  fissures  or  caverns  due  to  the  action  of  water. 

(s)  Metamoriiidc  or  Plutonie  Rocka  are  rocks  which  have  been 
from  sedimentary  or  igneous  rocks  by  heat,  compression,  or  moisture^ 
alone  or  in  combination.    Thus  by  heat  from  a  nearby  intrusion  of  moltc 
limestone  is  changed  into  a  crystalline  marble.    The  general  effect  oi 
MORPHISM  is  to  produce  a  hard  or  durable  rock. 

Quartzite,  a  metamorphosed  sandstone,  is  a  crystalline  rock  of  great  h 

and  durability. 

SUte  is  a  hard  dense  rock,  sometimes  with  a  well-defined  tendency  to  8| 
thin  plates.  It  has  been  formed  by  metamorphic  action  from  clayey  shs 
ts  generally  durable,  but  liable  to  slide  along  planes  which  arc  sometinc 
alld  to  the  cleavage,  or  along  seams  which  are  not  parallel  to  the  deavag 

Gneiss  is  a  "laminated  metamorphic  rock  that  usually  corresponds 
alogically  to  some  one  of  the  plutonie  types. "  *  There  are  many  varieti 
classified  in  accordance  with  the  igneous  rocks  to  which  they  most  nearli 
spond  in  composition.  Some  varieties  resemble  gnnite,  but  the  kunini 
striped  aspect  is  generally  characteristic.  They  ars  generally  contipd 
durable. 

Schists  are  similar  to  gneiss  but  are  more  finely  foliated  or  striped.  I 
SCHIST  there  are  layers  or  foliations  composed  of  fine  grains  or  plates  a 
Mica-schists  are  liable  to  decomposition  and  it  frequently  happens  that 
tions  have  to  be  carried  to  great  depths  through  decomposed  rock  of  tb 
acter  before  solid  rock  is  encountered.  The  material  resulting  from  the 
position  of  this  rock  contains  fine  grains  of  mica  and  other  fine  mates 
when  wet,  acts  as  quicksand. 

Rock  as  a  Foundation.  AU  rock,  if  sound  and  not  liable  to  slip 
proverbially  a  solid  foundation  and  capable  of  supporting  any  weight  ' 
building  is  likely  to  impose  on  it.  Care  should  be  taken  that  rock  I 
disintegration  is  protected  from  the  weather,  water-action,  or  other  disu 
ing  influences. 

5.  Geology  of  Earthy  Material 

Earth  and  Soil*  Materiab  other  than  rock,  resulting  from  the  dis 
tion  of  rockrmassesy  are  broadly  classed  as  eaxik.    The  word  soel,  wb 
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mgstU  wj  eaftfay  material  not  rack,  is  a  misnomer*  in  that  the  idea  of 
nr;  a  the  lack  of  it,  is  conveyed  when  the  word  son.  is  used, 
■t^feiida  produciag  the  disintegration  of  the  rock  masses  wiiich  form  or 
Uitke  entire  saiface  of  the  earth,  are  various,  but  for  the  porpoae  of  this 
ppatky  may  be  defined  as  (x)  chbmical  and  (2)  icechanical. 

IICbHttnl  Acendcs.  By  chemical  Acnosr  or  decomposition,  a  rock- 
^«lpeat  strength  and  hardness  and  of  complicated  mineralogical  structure 
^Saitilgate  into  a  noncoherent  mass  of  elementary  minerals.  Thus  a 
■tMc  gzaoite  under  the  combined  action  of  water  and  vaxying  temperature 
Rpates,  the  crystals  of  feldspar  changing  chemicaUy  and  forming  the 
piBd  aEcate  of  aluminum  known  as  clay,  while  the  ciystals  of  quartz, 
bar  kmblende,  being  more  resistant  to  chemical  action,  retain  their  chem^ 
iiiotity  but  become  detached  particles  of  &and. 

^  ¥iir*inirwl  Agencies.  By  the  mechanical  agencies,  such  as  the  action 
bt,  BKniag  water  or  ice,  fragments  of  rock  are  detached  from  the  ledge  of 
^  originally  formed  part  and  are  subsequently  transix>rted,  by  the 
dt  ^aders  or  streams,  or  by  the  wave-action  in  bodies  of  water.  The 
between  the  materials  thus  roughly  thrown  about  breaks  up  the  rock- 
toi  otSo  imaDcr  and  smaller  pieces  without  altering  the  composition  of  the 


Water.  As  flowing  water  more  readily  transports  small  particles 
f blip  ooes,  the  larger  pieces  of  rock  move  intermittent^  during  periods  of 
Bor  3ix)d  and  are  deposited  as  soon  as  the  velocity  of  the  water  falls;  while 
IsaJkr  partides  are  held  in  suspension  longer  and,  as  the  velocity  of  the 
■  'oMs,  are  depodted  in  the  order  of  their  size,  the  largest  first.  The 
t^pa  courses  of  streams  and  rivers  in  mountainous  regions  constantly  roil 
^nd  ti^etber  the  materials  in  their  rocky  beds,  the  heavy  masses  being 
^  sbvly.  The  attrition  between  the  fragments  forms  gravel  and  sand 
ft  lie  washed  down  stream  to  be  deposited,  as  the  current  slackens,  first  as 
I  eg  eaLKYEi^  then  as  sand-baks,  and  finally,  in  the  slow-moving  lower 
i  as  BEDS  OF  silt  and  AixtrvTUM. 

bdoi  and  Glacial  Beposlta.  The  action  of  glaciers  is  simiTar  to  the  ac- 
If  streams.  Glacial  deposits,  the  so-called  glacial  drifts,  are  composed 
al  day,  gravel  and  boulders  but,  in  general,  there  is  a  noticeable  differ^ 
^BCwKQ  giadal  deposts  and  deposits  made  by  rivers  or  streams.  In  glacial 
■13  the  boulders  frequently  exhibit  groovings  or  scratches  on  their  faces 
fie  edges  and  surfaces  of  the  boulders  are  generally  sharp,  so  that  a 
fcr  any  appear  as  if  it  had  been  recently  fractured.  They  rarely  exhibit 
feDodi,  water-worn  and  rounded  surfaces  found  on  boulders  formed  by 
(actbn.  Moreover,  the  glacial  boulders  may  be  found  singly,  or  unas- 
Hmth  other  bonlders  in  a  deposit  of  sand  or  gravel.  The  deposit  difiiers 
larcr-depoisit  in  that  there  is  no  classification  as  to  size;  the  bouMers  may 
%  the  snrface  or  may  be  disseminated  as  if  by  accident  through  the  sand 
pvd  forming  the  body  of  the  deposit.  Such  glacial  deposits  partake  of 
of  a  rough  artificial  fill  without  the  stratification  or  classification 
is  characteristic  of  river-deposits.  In  glacial  moraines  or  dump- 
it  not  infrequently  happens  that  the  surface-water  finds  underground 
^  fefmiag  so-called  sink-holes.  A  line  of  glacial  deposits  extends  across 
■B&VBt  of  North  America  from  Long  Island  westward.  The  southern 
^  be  detesmiaed  by  reference  to  geological  maps. 
'M  aad  Riyer-Pap— its  DlafingaislMd.  It  is  important  to  distinguish 
la  GuciAX.  find  KiVEK-DBPoam»  because;  while  the  occurieoce  ol  ghicial 
■gives,  in  general,  little  or  no  information  as  to  the  character  and  valus 
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of  the  surrounding  deposits,  the  occurrence  of  boulders,  on  the  other  hi 
nver-deposits  is  generally  an  indication  that  the  bed  of  which  they  form 
has  been  thoroughly  consolidated  as  a  result  of  the  river-action  which  fon 
and,  also,  because  such  deposits  generally  extend  down  to  rock  or  to  som 
pact  material  which  at  the  time  the  deposit  was  made  was  capable  of  n 
the  action  of  rapidly  flowing  water. 

Wave-Action  on  Lakes  and  Along  Coast-Lines  is  constantly  wor) 
the  materials  composing  the  beach.  Rock-masses  are  broken  away  froi 
and  ground  together,  producing  boulders,  gravel  and  sand.  The  sand 
carried  more  readily  by  the  tidal  currents,  is  deposited  in  the  more  shelten 
tions  and  forms  beaches,  while  the  larger  rock-masses  remain  near  thi 
of  origin  in  bars  and  keeps. 

Beds  of  Sand,  Gravel  and  Boulders  deposited  by  the  action  of  w; 
the  SHORES  OF  SEAS  OR  LAKES  are  not  necessarily  constant  in  character  aj 
should  be  made  to  determine  the  character  of  the  material  underlyix 
BEACH-FORMATiONS.  In  large  river-valleys  where  the  general  forma 
composed  of  silt  or  other  fine  material  little  reliance  should  be  placed 
occurrence  of  beds  of  gravel,  even  if  such  beds  extend  over  large  areas, 
should  be  made  to  determine  that  such  beds  are  not  underlain  by  les 
worthy  materials.  Where  tributary  streams  discharge  into  large  valle 
may  deposit  bars  of  sand,  gravel  and  boxtlders  on  top  of  the  silt, 
other  materials  formerly  deported  by  the  main  river.  (See  page  136 
general  topographical  conditions  should  serve  as  an  indication  of  danger 
cases. 

Results  of  Chemical  and  Mechanical  Action.  As  a  result  of  t 
going  brief  description  of  the  agencies  at  work  it  may  be  seen  that  ici 
and  stream-action  alike  tend  to  disrupt  rock-masses  and  to  produce  b 
gravel,  sand  and  finer  materials.  The  ultimate  result  of  the  combin 
CHEMICAL  ACTION  and  MECHANICAL  ACTION  is  to  reduce  the  hardest  rock 
finest  sand,  the  most  impalpable  clays,  silts  and  muds;  and  the  action  c 
WAVE  and  moving  water  is  to  classify  such  materials  in  deposits  of  £ 
uniform  size. 

C  Materials  Composing  Foundation-Beds 

Classification  and  Definitions.  The  following  list  includes  the  c 
which  are  most  frequently  encountered,  with  their  definitions. 

Rock  (solid  rock,  bed-rock,  or  ledge).  Undisturbed  rock-masses  for 
undisturbed  part  of  the  original  rock-formation. 

Decayed  Rock  (rotten  rock).  Sand,  clays  and  other  materials  i 
from  the  disintegration  of  rock-masses,  lacking  the  coherent  quati 
occupying  the  space  formerly  occupied  by  the  original  rock. 

Loose  Rock.  Rock-masses  detached  from  the  ledge  of  which  they  o 
formed  a  part. 

Boulders.  Detached  rock-masses  larger  than  gravel,  generally  roui 
worn  as  a  result  of  having  been  transported  by  water  or  ice  a  consider 
tance  from  the  ledges  of  which  they  originally  formed  a  part. 

Gravel.  Detached  rock-particles,  generally  water^wom,  roimded  ai 
mediate  in  size  between  sand-particles  and  boulders. 

Sand«  Non-coherent  rock-particles  smaller  than  H  in  in  mazimmz 
aion. 
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m»  The  material  resulting  from  the  decomposition  and  hydration  of  feld- 
iendbs,  bebg  hydrated  silicate  of  alumina,  generally  mixed  with  powdered 
!■,  qoattz  and  other  materab. 

|M-ftn.  Any  strongly  coherent  mixture  of  day  or  other  cementing 
W  vitb  sand,  gravel,  or  boulders. 

ft.  A  fiociy  divided  earthy  material  deposited  from  running  water. 

id  Body  £vMed  eartt^r  material  generally  containing  vegetable  matter 
iposBted  Irmci  ^iil  or  slowly  moving  water. 

}tL  Looady  used  to  describe  any  earthy  material. 

|t  Earthy  material  capable  of  supporting  vegetable  life  and  generally 
tod  Ut  material  containing  decayed  vegetable  or  animal  matter. 

Earthy  material  containing  a  large  proportion  of  humus  or  vegetable 


r 


■&  Earthy  material  oontaimng  a  proportion  of  vegetable  matter. 
H  Compressed  and  partially  carbonized  vegetable  matter. 

i.  Characteristics  of  the  Materials  of  Foundation-Beds 


or,  as  it  b  locally  known,  bed-sock,  or  ledge,  is  proverbially 
H  fraodatioa.  The  harder  rocks,  such  as  granite,  trap,  slate,  sandstone, 
tat,  etc,  are  all  capable  of  carrying  the  load  of  any  ordinary  structure. 
loc^  among  which  may  be  classed  the  shales,  shaley  slates  and 
fimeatones  and  day  stones,  should  not  be  loaded  with  more  than 
K  per  sq  ft  unless  they  are  tested  for  greater  loads.  In  all  cases  where 
InoQsare  to  be  placed  on  what  is  supposed  to  be  sohd  rock,  care  should  be 
flodeiennine  whether  or  not  the  supposed  solid  consists  of  a  detached 
paad,  also,  in  case  the  bedding-i^anes  of  the  rock  are  inclined,  if  there  is 
r&MQ  a  sfip  of  the  layer  forming  the  foundation-bed.  (See  pages  139  and 
>to  sde-siope  locations.) 

tt/ud  Rode  Certain  igneous  or  metamorphic  rocks  such  as  granites, 
Bl  etc^  frequently  disintegrate,  forming  so-called  kotten  aock  or  decayed 

The  decayed  rock  is  generally  found  in  conformity  with  the  ledge  of 
litoci^Bally  formed  a  part.  It  may  retain  the  stratification,  color  and 
>p  of  the  solid  rock,  but  as  a  result  of  the  disintegrating  effect  of  water 
kf  aymts,  it  has  lost  the  solid  character  of  the  original  rock.  When 
:«ith  a  hammer  it  does  not  give  the  characterbtic  ringing  sound  of  solid 

It  Bay  be  fairly  compact  and  hard,  or  so  soft  as  to  be  readily  excavated 
ad  and  shovel.  The  amount  of  such  disintegrated  rock  overljdng  the 
Bck  Taries  greatly;  in  some  cases  the  removal  of  a  few  inches  will  disclose 
U  lod^  in  other  cases  the  layer  of  decayed  rock  may  be  many  feet  in  thick- 
Tc^-faorings  in  rotten  rock  give  samples  similar  to  the  samples  from  solid 
B  that  it  frequently  happens  that  while  the  foundations  are  planned  for 
ktk  the  excavations  dtsdose  a  thick  layer  of  rotten  rock.  In  such  cases, 
■practicable  to  carry  the  footings  down  to  solid  rock,  it  may  be  necessary 
tee  the  sze  of  the  footings  or  to  adopt  some  other  expedient. 

b  SociE.  Where  a  rock-mass  detached  from  the  ledge  of  which  it  orig- 
iMzaed  a  part  b  encountered  it  must  not  be  loaded  in  excess  of  the  safe 
^of  the  material  by  which  it  is  surrounded.  If  the  voids  between  ad- 
f  pieces  of  loose  rock  are  completely  filled  in  with  hard-pan,  compact 
lend,  or  day,  the  loading  may  be  the  same  as  for  the  filling-in  materiaU 
K  ifaaiild  be  taken  to  determine  that  no  voids  exbt.    In  natural  rocic* 


136  Foundations  C 

fills,  as  in  artificial  rock-ftUs,  it  may  happen  fiiat  large  voids  exist  betwi 
rock-masses,  fonxiiDg  pasaaceways  for  streams  of  water,  in.  which  case  t 
extreme  danger  of  settlements. 

Bonldera^  Orarel  and  Saad.  Boulders  are  rock-masses  whi-cfa  hai 
transported  by  water  or  ice-action.  Boulders  are  sometimes  found  da*. 
ated  through  sand  and  day  and  in  such  cases  the  load  shoukl  be  limited 
safe  load  of  the  material  in  which  they  are  found.  At  other  times  boul<i 
found  in  beds,  packed  closely  together,  with  the  interstices  filled  in  with 
sand,  or  clay.  In  such  cases  it  is  usually  safe  to  assume  that  no  furth 
solidation  of  the  mass  is  likely  to  take  place.  If  the  bed  of  boulders  est 
rock,  they  will  safely  sustain  any  load  which  will  not  crush  them. 

Gravel.  The  name  gravel  is  given  to  rock-particles  larger  than  sa 
smaller  than  the  rock-masses  known  as  bouldeks.  If  compact,  an 
imderlying  bed  of  poorer  material  exists,  gravel  forms  a  most  durable  ! 
tion-bed,  equal  to  sand  or  bouldexs  in  supporting  powiar  and  not  as  I 
be  disturbed  by  adjoining  excavations  or  pumping  operations.  If  cc 
it  may  partake  of  the  quality  of  hard-pan  or  rock.  Care,  however,  sh 
taken  to  determine  whether  or  not  the  bed  of  gravel  has  been  depositee 
layer  of  silt  or  quicksand.  It  is  possible  for  this  dangerous  condition  I 
(See  page  134.) 

Sand.  Sand  is  composed  of  comminuted  nock^material.  As  quart 
most  abundant  rock-mineral  and  as  its  hardness  and  insolubility  aiake  i 
resistant  to  disintegrating  action,  it  will  be  found  to  be  the  principal  con 
of  most  deposits  of  sand  or  sandy  materiaL  Grains  of  mica,  feldspar 
and  other  minerab  are  frequently  found.  Sand  is  described  as  beai 
MEDIUM,  or  COAKSE,  aocorcfiog  to  the  size  of  the  grains  of  which  it  is  co 

Coarse  Sand  may  contain  particles  of  gravel,  but  after  ellmina 
particles  which  will  not  pass  a  screen  with  4  meshes  to  the  inch  it  will  1 
that  a  large  proportion  of  the  remaining  material  is  too  coarse  to  pass  a 
sieve. 

Fine  Sand,  on  the  other  hand,  may  contain  no  particles  which  will 
m  20-mesh  sieve,  and  a  considerable  proportion  which  will  pass  a  loo-me 

Very  Fine  Sand  is  frequently  mistaken  for  clay  and,  indeed,  genen 

contain  some  clay,  as  clay  generally  contains  fine  sand. 

Uniform  Sand  is  sand  in  which  there  is  relatively  a  small  variatioi 
size  of  the  particles. 

Balanced  Sand  is  sand  in  which  the  size  of  the  particles  varies  from 
small  and  in  which  there  is  no  great  difference  in  the  numbers  of  pai 
each  size. 

Clean  Sand  contains  no  clay  or  loam,  but  a  pure  sand  containing  a  I 
centage  of  fine  particles  is  often  considered  to  be  not  clean. 

Sharp  Sand  is  clean  sand  containing  coarse,  angular  grains.  Wh« 
grasped  in  the  hand  it  gives  a  note,  due  to  the  particles  slipping  over  eai 
Sharp  sand  is  generally  esteemed  for  use  in  mortar,  although  it  requii 
cement  to  fill  the  voids  and,  in  the  writer's  opinion,  is  not  as  desirable  as 
rounded  sand. 

Rounded  or  Buckshot  Sand  is  composed  of  rounded  grains  not  c 

together. 

Quicksand.  This  term  is  popularly  used  to  describe  any  fine  sand^ 
ture  of  fine  sand  and  clay,  which,  when  wet,  fonaa  a  aolt,  ""fftiP^V  i 
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naod  qpiickaaiid  is  supposed  to  have  some  msrsterknis  and  peculiar 

result  in  a  tendency  tx>  now  lice  water  and  to  suck  in  animate 

■■JTiiirr  objects.     These  maailestations  are  connected  with  various 

■is  IS  to  the  compoaition  of  quicksand,  some  persons  insisting  that  quick- 

i  aA  contain  flakes  of  mica  or  some  slippery  mineral,  others  that  the 

pdes  moA  be  extremely  fine  or  spherical  in  shape,  while  others  contend 

%tex  must  be  a  certain  proportion  of  fine  day  with  the  sand.    The  fact 

|i  asy  uuLcneuted  ssmd,  when  subjected  to  the  action  of  moving  water, 

bon  and  that  any  sand  moving  as  the  result  of  the  action  of  water  becomes 

^isiad.    The  finer  the  sand  the  more  readily  it  is  affected  by  a  current  of 

pt  s>  that  fine  sands  are  more  troublesome  than  coarse  sands.    A  coarse 

id.  kvini;  large  voids,  permits  the  flow  of  a  certain  amount  of  water  through 

K  8  das  flow  has  not  sufficient  velocity  to  disturb  the  particles  of  the  sand, 

raid  an  be  dnuned  without  moving  it.    In  a  fine  sand,  having  very  small 

{1^  a  smihr  flow  of  water  will  cause  the  whole  mass  to  move  and  there  is 

g  Acuity  in  dnuning  it  without  producing  a  current  sufficient  to  cause  it 

^mor  3ow. 

in  Quicksand  are  made  difficult  by  the  tendency  of  the  sand 
de  sides  of  the  excavation  to  flow  Into  the  excavation;  and  even  if  the 
hi  sf  the  excavation  are  protected,  it  not  infrequently  happens  that  the 
big(  the  excavation  will  lift,  that  is,  there  will  be  a  movement  of  material 
poiDts  outside  of  the  line  into  the  excavation,  the  movement  in  general 
i.  curved  line,  and  carrying  the  sand,  under  the  protected  side  walls 
excavation.  In  such  cases  some  advantage  may  be  gained  by  surround- 
ocavation  witb  driven  welb  and  draining  the  soil  by  continued  pumping 
sand;  in  other  cases,  wooden  or  steel  sheeting  may  be  driven  to  a  point 
&  depth  to  which  the  excavation  is  to  be  carried,  or  to  some  underlying 
ci  impovious  material,  in  which  case  the  sheeting  will  act  as  a  coffer-dam 
oS  the  flow  of  material.  Such  sheeting,  however,  must  be  practically 
as  extremely  fine  sand,  when  in  the  condition  of  quicksand,  will 
&vagh  very  small  apertures. 

as  a  Fcmndation-Bed  is  objectionable  on  account  of  the  danger 
swing  or  flowing,  in  case  it  finds  any  outlet  such  as  would  be  afforded  by 
excavation.  Cases  are  known  where  excavations  have  permitted 
toape  of  quicksand  and  resulted  in  the  settlement  of  buildings  at  a  very 
lakiabie  (fistance.  Such  settlements  have  occurred  not  only  when  the 
flv  themselves  rested  on  quicksand,  but  also  when  they  were  on  a  stratum 
OHr%  sand,  gravel  or  clay  of  good  quality  which  rested  on  an  underiying 
ia  of  quicksand. 

nets  of  Quicksand.  It  frequently  happens  that  pockets  of  fine  sand  are 
ii  E  deposits  of  mixed  character.  Where  such  pockets  are  small  in  extent 
Itibe  sand  may  be  removed  and  the  spaces  filled  with  concrete.  Where  the 
Ml  are  larger  it  may  be  necessary  to  cany  piers  through  them  to  a  better 
to  drive  piles,  or  to  resort  to  other  expedients. 
Diy  Sand  is  readily  converted  Into  quicksand  by  the  addition  of  water, 
fat  dioiiM  be  carefully  borne  in  mind  in  considering  the  load  on  fine  sand, 
ssterial  which  in  dry  weather  is  apparently  safe,  may  be,  in  wet  weather, 
dangerous  one.  It  is  frequently  stated  that  confined  quicksand 
paiectly  reliable  material  on  which  to  found  a  bunding.  While  this,  as  a 
be  controverted,  it  is  a  dangerous  assumption  to  act  on  because 
inpoaBibifity  of  providing  that  the  fine  sand  shall  be  always  oonfined. 

in  the  Size  of  Grains  of  Band.    The  accompanying  diagram 
1)  shows  giaphtcafly  the  results  of  sieve-tests  on  characteristic  sands. 
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The  dash-line  curve  (i)  U  an  average,  giving  the  results  of  sieve-tests  on 
so-called  quicksands;  the  fuU-line  curve  (a)  gives  the  result  of  sieve-tes: 
natural  sand  which  would  be  classed  as  a  good  building  sand;  the  dot-ua 
curve  (3)  gives  the  result  of  sieve- tests  on  a  fine  beach  sand  remarkable . 
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Fig.  1.    Graphical  Illustration  of  Results  of  Sieve-tests  on  Sands 

uniformity  of  the  size  of  its  grains.  For  purposes  of  comparison  and  ix 
to  show  the  variation  in  sands  which  appear  to  be  substantially  the  sao 
dotted  curve  (4)  has  been  added.  This  shows  the  result  of  tests  on  a  ban 
apparently  as  coarse  as  sand  (2),  but  containing  a  much  larger  percenl 
fine  particles  between  0.015  &<^d  0.0055  in  in  diameter.  Fine  sand  freq 
contains  a  considerable  proportion  of  clay.  A  chemical  analysis  of  a  so 
QUICKSAND  from  the  down-town  section  of  New  York  City,  reported  on 
writer  by  Dr.  C.  F.  McKenna,  is  as  follows: 

Mark:  "Commercial  Cable" 

Silica 73  ■  76^ 

Alumina  and  oxide  of  iron x8.  sa^ 

Lime z  .60^ 

Magnesia i .  48^ 

Loss  on  ignition 2 .  26^ 

A  rational  analysis. shows  the  following  composition: 

Quartz,  as  given 39-39 

Clay  and  mica,  as  given 23 .  94* 

Feldspathic  detritus 36. 68^ 

• 

On  the  other  hand,  a  sample  of  extremely  fine  sand  from  Michigan,  of 
75%  passed  a  300-mesh  sieve,  appears  to  be  absolutely  pure  quartz. 

Clay.  When  pure,  clay  consists  of  hydrated  silica  of  alumina,  the  p 
of  decomposition  of  feldspar.  Ordinarily,  various  impurities  are  mixed  wi 
clay,  so  that,  in  general,  clay  may  be  considered  a  mixture  of  hydrated 
of  alumina  with  other  finely  divided  minerals.  Mixtures  of  clay  and  sa 
found,  varying  from  beds  of  nearly  pure  day  to  beds  of  nearly  pure  san 
00  definite  classification  can  be  made. 

The  Effect  of  Moisture  on  Clay.    Clay  as  generally  found  in  excan 

^  is  in  a  plastic  condition  due  to  the  presence  of  moisture,  the  amount  of 

present  varying  greatly.    On  drying,  the  clay  shrinks  in  volume  and  lo 

plasticity,  becoming  a  firm  and  coherent  mass  resembling  in  consistency 

dried  brick.    Large  masses  of  clay  are  liable  to  crack  into  a  number  ol 
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poti  daring  the  pcoceas  of  drying,  as  the  result  of  the  shrinkage  in  volume. 
P^itee  lumps  are  crushed  or  ground  the  clay  becomes  an  extremely  fine 
frT»i;«hL»  powder.  The  loss  in  volume  due  to  the  change  in  the  condition 
ikt  d^j  bom  a  moist,  plastic  state  to  a  thoroughly  air-dried  condition  may 
pet  t>  from  io%  to  20%  of  the  original  volume.  Compact,  moist  clay  is 
leniMBi  to  water  in  the  sense  that  water  cannot  pass  through  it  as  it  would 
m^  pan>iK  sand;  but  when  clay  is  exposed  to  water  the  clay  gradually 
Bcbs  d»  water,  so  that  eventually  the  entire  mass  becomes  saturated  and 
^atd  by  the  water. 

Ehy  at  a  Fonndatioxi-Bed.  Clay  is  not  a  reliable  material  on  which  to 
■1 2  boikfiiig;  first,  because  of  the  plasticity  of  the  clay  when  wet,  and 
b^T,  because  of  its  tendency  to  shrink  on  losing  its  contained  moisture. 
JBpbstidty  of  day  increases  with  the  percentage  of  contained  water,  so  that 
fae.  hnd  day  may  be  converted  into  a  liquid  puddle  by  being  agitated  in  the 
■acs  of  a  sufficient  amount  of  water.  The  plasticity  is  also  increased  by 
pEZc,  as  is  shown  by  the  action  of  clay  in  a  brick-machine.  Clay,  in  a  founda- 
rai  'joder  moderate  pressure  imposed  on  it  by  the  footings  of  a  structure, 
^eaftlr  de%'efeps  this  quality  of  plasticity,  the  clay  moving  out  from  be- 
Kk  the  footing  and  causing  serious  settlements  and  displacements  of  the 
piogs.  This  movement  of  the  clay  may  be  a  local  movement,  as  referred  to 
I  feoCn^  in  which  case  the  clay  flows  from  beneath  the  footing  laterally 
|vd  the  side  and  then  upward,  causing  the  surface  of  the  adjacent  ma- 
il to  rise  and  to  form  so-called  bttlges  or  waves.  If  this  motion  is  uniform 
fe  d»  center  toward  the  sides,  the  footing  may  settle  vertically,  but  more 
p(£ly  the  movement  will  not  be  symmetrical  and  the  footing  will  settle 
|ir  OQ  one  side  than  on  the  other.  Such  movements  of  the  day  may  be  re- 
nd Of  prevented  in  some  cases  by  the  simple  device  of  loading  the  surround- 
^»i»  as,  icx  example,  by  a  concrete  floor. 


of  Clay  Foundation-Beds.  The  movement  of  the  clay  may 
4C  a  hxfer  scale,  amounting  to  a  general  flow  of  the  clay  underlying  the 
fee  b;iMng  toward  some  ix)int  where  the  pressure  on  the  clay  is  less  than 
^pRsore  resulting  from  the  load  of  the  building.  Such  general  movements 
ipxe  likely  to  happen  if  the  building  is  located  on  the  side  of  a  hill,  so  that 
t  day  finds  sonw  outlet  at  a  point  below  the  level  of  the  footings.  It  f re- 
Wiy  ha;^)en5  that  adjoining  excavations  cause  settlements  to  buildings  at  a 
todenbie  distance,  by  afifording  an  outlet  to  a  bed  of  clay.  As  noted  else- 
IR  (pases  X35  and  146),  beds  of  clay  resting  on  inclined  strata  of  rock  or 
hv  naterial  are  liable  to  move  downward,  sometimes  with  a  slow,  almost 
IBocptible  movement,  and  at  other  times  forming  landslides  of  greater  01 
^sogiKtudc. 

bMidion  of  CU17  Foundation-Beds.  Where  the  foundation-bed  is  clay 
bad  vith  a  considerable  amount  of  clay,  it  is  advisable  to  protect  it  from 
iBvtido,  so  far  as  b  possible,  by  a  system  of  drains  surrounding  the  site 
pie  ^*W»Tg  and  by  diverting  the  surface-water  from  the  building.  Care 
NU  be  taken  in  back-flUing  around  exterior  walls  -to  prevent  any  acciunula- 
b(tf  vater  which  might  affect  the  material  under  the  footing.  The  neglect 
mk  pcecaotion  has  frequently  resulted  in  serious  settlements  during,  or 
iy  after,  construction. 

Sih,  Peat  and  Other  Unstable  Materials.    When  the  site  of  a 
is  In  a  marsh  or  on  materials  which  are  not  capable  of  affording  a 
[(KDdation,  the  only  alternative  is  to  resort  to  the  use  of  wooden  piles, 
piles,  or  piers  sank  to  an  underlying  and  firmer  strata.    Such  special 
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coostructioDS  will  be  described  under  SubdivisMnB  zj,  aS  and  39,  wfaicli  oc 
wooden  pUes»  concrete  piles  and  piers  sunk  by  the  coffer-dam  or  < 
methods. 

Filled  Ground.  AU  artificial  fills  and  some  natural  fills  are  liable  to  s 
or  less  uniform  but  continuous  settlement  or  shrinkage  due  to  the  gradoa 
solidation  of  the  material  of  which  the  fill  is  composed.  Where  the  fill  is  o 
rock  this  consolidation  may  amount  to  little,  but  where  the  fill  is  of  eartJ 
especially  where  it  is  of  mixed  materials,  the  shrinkage  will  not  only  be  Is 
amount  but  will  continue  for  a  very  long  period.  For  example,  wher 
has  been  thrown  on  top  of  a  rock-fill  each  rain-storm  will  wash  some  of  tl: 
into  the  voids  in  the  rock-fill,  and  this  action  will  be  continuous  until 
the  voids  are  filled  in.  Any  vegetable  matter,  or  other  matter  liable  to 
and  shrinkage  in  volume,  will  increase  the  total  shrinkage  of  the  mass, 
tain  natural  deposits,  such  as  beds  of  peat  or  soils  containing  vegetable  in 
are  apt  to  shrink  in  volume  from  the  same  causes.  When  it  is  neceasa 
found  a  building  on  such  material  it  is  inevitable  that  the  footings  will 
with  the  mass,  notwithstanding  that  the  unit  load  on  the  foundation-bed 
small  as  to  be  negligible.  In  such  cases  the  settlements  may  be  vertica 
uniform;  but  if  the  depth  of  the  fill  under  one  part  of  the  building  is  gn 
than  the  depth  under  another  part,  the  settlements  will  not  be  uniform,  s 
shrinkage  in  the  fill  will,  in  general,  be  in  proportion  to  the  depth  c^  tt 
No  important  building  should  be  founded  on  such  material  and,  wh< 
possible,  the  footings  should  be  carried  down  through  the  fiUed-in  mato: 
some  more  reliable  underlying  stratum. 

8.  Allowable  Loads  on  Mcterials  of  Foundation-Beds 

General  Considerations.  Owing  to  the  infinite  number  of  variati<His  i 
materials  encountered  and  the  conditions  affecting  the  reliability  of  such  i 
rials,  no  general  or  definite  rule  can  be  given,  and  every  case  should  be  can 
investigated  before  determining  the  allowable  imit  load  on  the  foundation 
If  the  material  and  conditions  are  uniform  over  the  entire  site  of  the  buj] 
a  uniform  imit  load  may  be  used,  but  in  practice  it  is  frequently  found 
entirely  different  conditions  exist  under  different  portions  of  the  same  biii 
and  in  such  cases  great  care  must  be  exercised  in  determining  the  unit  1* 
For  instance,  one  section  of  a  building  may  rest  on  rock  and  another  sectic 
a  light  compressible  soil  or  on  a  clay  of  doubtful  stability.  In  such  case 
unit  load  on  the  compressible  soil  or  on  the  clay  must  be  reduced  as  muc 
possible  so  as  to  reduce  the  differences  in  settlements  between  the  two  sec 
of  the  building  to  a  minimum.  If  the  entire  building  were  on  a  compre* 
soil  a  very  considerable  settlement  might  be  allowable,  provided  it  was  unif 
but  in  this  particular  case  it  is  known  bcfopehand  that  the  part  of  the  boil 
en  rock  will  not  settle  at  all  and  that  any  settlements  of  other  parts  ol 
building  must  be  considered  as  unequal  settlements,  and,  as  such,  liable  to 
duce  cracks  and  distortions  in  the  building.  It  is  also  important  to  rema 
that  a  certain  unit  load  on  compressible  soil  may  be  safe,  in  that  the  sofl 
ultimately  safely  support  that  load;  but  the  use  of  that  load  would  nevecth 
be  inadvisable  on  account  of  the  excessiye  settlements.  In  this  connecti< 
may  be  said  that  a  considerable  settlement,  if  uniform,  in  a  detached  bu9 
may  be  a  matter  of  no  importance;  but  that  where  a  building  is  to  be 
structed  in  contact  with  adjoining  buildings  or  where  additions  are  to  be  n 
to  an  existing  building,  the  total  amount  of  settlement  becomes  a  matti 
prime  importance.    These  and  other  conuderations,  £uch  as  the  charactc 
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feblBl(fi^c  and  of  the  material  ooo^^ofiliig  H,  should  be  borne  in 
tins  the  unit  load  for  any  given  foundation-bee^  irrespective  of  the 
ndpRssnre  as  given  by  building  codes  or  by  examples  quoted  in  this  chapter. 

Ml  Loads  oa  Rock.  The  safe  unit  load  on  lock  may  often  amount  to 
Itka  the  crushing  strength  of  brickwork  or  stone  masonry,  and  in  nearly 
^  aay  material  worthy  of  the  name  of  rock  is  capable  of  supporting  from 
jiptacsper  sq  ft. 

Ml  Loada  on  Saad,  GrmTal  and  Boitldan.  When  compact  and  oon- 
lkea%  these  materials  are  capable  of  supporting  xo  tons  per  sq  ft  with- 
ywo'abte  settlement.  It  rarely  happens,  however,  that  it  is  advisable  to 
Iscb  rHtfrials  with  more  than  $  tone  per  square  loot. 

pfc  Liidt  on  Loose  8and.  By  loose  sand  is  meant  sand  which  has 
Isa  tbofoagfaly  cxMopacted  aitd  which  may  setUe  by  its  own  weight  iade- 
fciCly  of  a  superimposed  load.  All  such  materials  should  be  tested  and 
■it  load  reduced  in  accordance  with  the  result  of  such  tests. 

nil  OS  Fine  Sand  or  Qnicksand.  It  is  probable  that  fine  sand.  }f 
ASe^  oonfined,  will  sustain  as  heavy  a  load  as  coarse  sand,  but  in  view  of 
Ik*  that  if  afforded  the  slightest  opportunity  it  is  liable  to  lateral  displace- 
H;  k  is  inadvisable  to  fotatfi  jmy  sttnctUBT  on  sacfa  material.  When  it  is 
Btth-e  to  place  the  footings  on  such  material  the  unit  load  should  be  xeduced 
■k  as  poasn>le  and  preferably  to  less  than  2  tons  per  sq  ft,  and  great  care 
M  be  takgn  to  connect  all  footings  with  a  continuous  layer  of  concrete  so 
to  prevent  any  flow  of  material  into  the  cellar-excavation.  Care  should 
tksi.  aho,  that  any  sumps,  pump-pits,  drainage<arrangemcnts  and  sewer- 
■c&Qcs  for  the  biulding  do  not  petnut  the  escape  of  any  quicksand.. 

|M>  ioada  on  Hasd-*pan  and  certain  cemented  sands  partaking  of  the 
pt  of  haid-pan  may  appioziraate  rock  in  hardness  and  reliability.  Such 
^KBk,  kowever,  axe  liable  to  soften  if  exposed  to  water.  If  these  materials, 
pi  cambered,  are  dry,  experiments  shoiUd  be  -made  to  determine  how  they 
pt  vhea  wet,  and  if  the  level  of  the  water  in  the  ground  b  liable  to  change 
Sl»icach  the  layer  of  hard-pan,  the  load  should  be  correspondingly  reduced, 
■led  kaid-pan  containing  gravel  has  been  frequently  loaded  with  more 
I » tons  per  sq  ft.  Cave  should  be  taken,  however,  to  determine  that 
hycr  of  hard-pan  is  continuous  to  a  solid  substratum,  as  it  frequently  happens 
I  fayeis  of  hard-pan  and  fine  sand  or  rdsy  iue  deposited  alternately. 

liiTasdi  en  Claj.  Ordinary  day  should  not  be  loaded  with  more  than 
■I  per  sq  ft.  If  soft  and  plastic,  a  load  of  2  tons  per  sq  ft  may  produce 
hiaakk  settlements.  Clay  with  so  large  a  percentage  of  sand  that  it  loses 
ihakfLj  has  been  loaded  with  from  4  to  6  tons  per  sq  f t  without  undue 
baents,  and  sand  or  gmvel  containing  suffident  day  to  act  as  a  cementing 
iBial  vill  partake  of  the  quahttes  of  hard-pan.  In  general,  however,  clay 
le  most  dangerous  of  all  the  materials  on  which  structures  are  founded  and 
mt  kiad  should  be  reduced  to  a  minimum  and  every  precaution  taken  to 
RBt  the  flow  of  material.  Undue  reliance  should  not  be  placed  upon  load- 
iBts  of  dayey  soils.  It  is  probable  that  a  loading  on  a  large  area  which 
fnodoce  a  movement  of  the  clay  wiH  on  a  small  area  have  no  effect,  so  that 
(uleto  rdy  upon  the  results  of  a  test-load  appUed  to  an  area  smaller  than 
'ictral  sapporting  areas  to  be  used.  From  the  experience  gained  in  the 
n  of  large  buildings  in  Chicago  which  were  floated  on  day,  the 
umt  load  has  been  generally  reduced  to  2  tons  per  sq  ft  and,  in 
iHttr's  ezperience.  a  load  of  less  than  2  tons  per  sq  ft  on  clay  has  pro- 
settlements  vaz3ring  from  nothing  to  z  2  in. 
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§•  Unit  Loads  on  Foundation-Beds  Allowed  by  Bnilding  Co 

Variations  in  Building  Codes.  Table  I  gives  an  outline  of  the  requii 
of  dififerent  dties  as  to  the  allowable  unit  loads  on  different  mater 
contained  in  their  respective  building  codes  or  regulations.  Wh 
allowed  loads  given  may  in  some  cases  be  based  upon  actual  experience 
respective  localities,  it  is  more  likely  that  they  are  based  upon  the  ind 
experience  of  the  authors  of  the  codes,  or  are  copied  from  other  codes 
architect  should,  therefore,  not  place  too  much  relianoe  on  the  unit  loads  i 
by  the  codes,  but  should  investigate  each  case  and  determine  for  hinu 
proper  allowance  to  be  made. 

Special  Requirements  of  Some  Building  Codes.*  The  Boston  co 
vides  that  "  the  footing  shall  not  overload  the  material  on  which  it  rests 

The  New  Orleans  code  limits  the  maximum  load  to  i  400  lb  per  sq  ft,  th 
city  being  on  an  alluvial-delta  formation. 

The  Buffalo  code  limits  the  load  on  soil  to  sH  tons  per  sq  ft;  if  the  son.  i 
than  hard  clay  or  gravel  the  supporting  areas  "shall  be  extended  as  dir 

The  Cincinnati  code  limits  the  load  on  soils  inferior  to  those  listed,  t 
per  sq  ft. 

It.  Investigation  of  tfae  Site 

General  Considerations.  To  determine  the  character  of  the  material 
will  be  encountered  at  the  level  of  a  foundation-bed,  the  architect  shou 
get  as  de&nite  information  as  possible  from  others  as  to  thdr  experience  i 
ing  excavations  and  erecting  buildings  in  that  vicinity.  In  some  localit 
subsoil  conditions  are  uniform  over  large  areas,  while  in  other  localities 
tant  variations  may  occur  within  the  limits  of  a  city  lot.  Abrupt  chaj 
surface-topography,  changes  in  the  character  of  the  surface-soil  or  in  the 
vegetation,  proximity  to  old  or  existing  water-courses  are  suggestive  < 
surface  irregularities.  In  such  cases,  and  in  all  cases  where  there  is  any 
as  to  subsurface  conditions,  a  sufficient  number  of  exploratory  borings  < 
pits  should  be  made  to  determine  the  facts.  This  exploratory  work  she 
below  the  levd  of  the  proposed  footings,  should  determine  the  g^unc 
level  and  insure  that  no  unsuspected  layer  of  quicksand  or  other  uns 
material  underlies  the  foundation-bed.  The  metiiods  in  use  for  such  e 
tions  are  as  follows: 

Testing  in  an  Open  Pit.  For  shallow  work  an  open  pit  is  the  mo 
isfactory  method  as  it  allows  actual  inspection  of  the  undisturbed  matttial 
considerable  area.  If  the  excavation  is  in  firm  material,  no  sheet-piling  o 
protection  may  be  required;  but  if  in  flowing  material,  or  if  carried 
than  adjoining  footings,  timber  sheeting  or  steel  sheeting  should  be  emi 
If  the  excavation  is  carried  no  deeper  than  the  proposed  footing-level,  the 
lying  material  should  be  tested  by  one  of  the  methods  hereinafter  describi 

Testing  with  Steel  Bars.  A  steel  bar  with  a  pointed  end  or  a  stei 
provided  with  a  steel  point  is  driven  to  the  required  depth  by  a  maul  0 
falling  weight.  While  no  samples  can  be  obtained  by  this  crude  met! 
may  determine  the  ground-water  level,  and  a  little  practice  will  enable 
distinguish  sandy  from  clayey  soils  by  the  sound  given  out  when  the 
twisted.  The  difficulty  of  driving  is  a  rough  index  of  the  degree  of  the 
pressibility  of  the  soil.  It  should  be  remembered,  however,  that  an 
material  will  afford  considerable  resistance  to  the  bar  and  that  a  small  b 
will  stop  it;  so  that  not  much  reliance  can  be  placed  on  a  report  that  tt 

DROVE  HARD  Or  that  it  REACHED  ROCK. 

*  As  codes  change,  quotations  must  be  verified. 
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Testing  with  Post-Hole  Diggers.  For  shallow  explorations  in  easil 
cavated  material,  the  ordinary  post-hole  digger  used  for  fence-posts,  c 
longer  and  larger  ones  used  for  telegraph-poles,  ciln  be  used  to  dQ>ths  o/ 
6  to  8  ft. 

Testing  with  Augers.  In  day  or  similar  material  a  single  or  double 
carpenter's  auger  welded  to  a  long  rod,  or  the  so-called  pod-auger  ma3 
satisfactory  samples.  In  gravel  or  loose  and  sandy  material,  the  sides  < 
hole  fall  in,  dogging  the  operation  and  destroying  the  sam];des. 

Testing  by  Dry-Pipe  Borings.  A  pod-auger  or  the  above-des< 
carpe:tt£R's  auger  can  be  used  inside  a  casing-pipe.  The  pipe  shou 
driven  so  as  to  keep  close  to  the  bottom  of  the  hole  made  by  the  auger, 
pipe  prevents  the  material  falling  from  the  sides  of  the  hole  and  the  aug) 
cavates  and  loosens  the  material  ahead  of  the  pipe  and  fadlitates  driving, 
above  methods  are  not  generally  successful  for  deep  holes  or  where  g 
boulders  or  compact  material  interferes  with  driving  the  pipe. 

Testing  with  Wash-Pipes.  For  test-borings  over  lo  ft  in  depth  the  m 
in  most  frequent  use  is  the  wash-pipe  method.  In  this  method  a  wrougfa 
or  steel  pipe  kno¥m  as  the  casing-pipe  or  drive-pipe  is  driven  into  the  ea 
much  the  same  way  as  in  the  dry-pipe  method,  but  the  driving  of  the  p 
facilitated  by  the  use  of  a  jet  op  water.  The  lower  end  of  the  casing-p 
provided  with  a  hollow  shoe  or  rdnforcement,  slightly  larger  in  outside  <tia 
than  the  casing.  This  serves  to  protect  the  pipe  from  injur>'  in  driving  th 
gravel  or  hard-pan,  and  forms  a  hole  slightly  larger  than  the  diameter  < 
casing.  The  upper  end  of  the  drive-pipe  is  protected  from  injury  by  an  an 
drive-head  which  has  a  threaded  part  fitting  the  thread  on  the  casing-pip 
1  central  hole  to  admit  the  jet-pipe.  The  jet-pipe  is  small  enough  to  p 
it  to  freely  enter  the  casing-pipe.  The  lower  end  is  contracted  so  as  to  p» 
a  jet-action.  The  upper  end  is  connected  with  a  water-supply  which  mi 
under  considerable  pressure.  The  driving-mechanism  consists  of  a  cas 
wdght  with  a  central  vertical  hole  large  enough  to  admit  the  wash-pipe 
stationary  verticals  supporting  a  block-and-fall  and  an  arrangement  i 
releases  the  weight  when  it  has  reached  a  predetermined  height.  Witl 
arrangement,  water  is  continuously  pumped  through  the  jet-pipe,  the  leni 
which  is  regulated  so  that  the  jet-action  loosens  the  material  immediately  I 
or  AHEAD  of  the  casing.  Some  of  the  jetting  water  returns  to  the  surface 
side  of  the  casing  and  thus  lubricates  thfe  surface  in  contact  with  the  ox 
material.  Another  part  of  the  water  returns  to  the  surface  in  the  an 
space  between  the  wash-pipe  and  the  casing,  carrying  with  it  particles  a 
material  loosened  by  the  jet.  As  the  jet  loosens  and  washes  away  the  ma 
immediately  bdow  the  casing,  the  latter  is  driven  deeper  by  repeated  bio 
the  ram,  the  driving  and  washing  being  carried  on  at  the  same  time, 
operation  is  thus  continuous  until  the  top  of  the  casing  comes  close  to  the 
face  of  the  ground,  when  the  hammer  drive-head  and  hose-connection  ai 
moved  to  permit  additional  lengths  of  pipe  to  be  added  to  the  casing  and  i 
pipes,  after  which  the  hose-connection,  drive-head  and  hammer  are  rep' 
and  the  operation  is  resumed. 

Borings  can  be  made  by  this  method  to  great  depths  in  sand,  clay  or  < 
suitable  material.  Samples  of  the  material  encountered  are  obtained  by  si 
ment  from  the  water  returning  between  the  jet-pipe  and  wash-ptpc.  1 
samples  are  not  accurate  samples  as  the  water  separates  the  materials, 
finer  particles  do  not  settle  readily  and  the  large  and  heavy  particles  maj 
be  brought  up  at  all.  It  is  evident  that  such  samples  do  not  give  anyi 
as  to  the  solidity  oi  the  original  deposits.    If  kegs  gravd*  hard-oaa  or  bou 
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bBoleeect  thoe  wiU  be  gfeat  difficulty  in  forcing  the  casing  past  such 
pms,  in  such  cases  a  drxlltROD  is  sometimes  substituted  for  the  jet 
k^^Htraction  biokea  up  into  smaU  pieces  or  pushed  to  one  side;  but  in 
rose  k  K  difficult  to  get  any  sample  or  real  indication  of  the  character 
^aktiQclion.  If  solid  rock  or  large  boulders  are  encountered,  no  further 
|9  on  be  made  with  the  casing  and  no  sample  caa  be  obtained  by  this 
pL  Resort  must  then  be  had  to  one  of  the  coke-boring  methods  described 
6t^  to  detamine  the  character  of  the  obstruction  encountered. 

pStig  ky  Core-Bonngs.  These  bonngs  can  be  made  through  rode  or 
^  sod  tamiate  igumplffl  obtained.  In  all  core-boring  methods  the  hole 
lie  bj  rotating  a  pipo-like  tool  which  makes  an  annular  cut  in  the  rock. 
Ibss  s  cyfiadikal  core  which  is  afterwards  detached  and  brought  to  the 
•  bf  a  gxipping-tool  called  the  core-uttbr.    The  cutting  is  done  in 


Bite  are  annular  rings  fitted  on  the  lower  end  of  the  hollow  pipe 
ai  tbe  rotating  drill-rod  and  funushed  with  a  number  of  small  diamonds 
|ri  90  as  to  fonn  cutting-edges,  which,  when  rotated  in  contact  with  the 
yadnSy  vear  away  the  required  annular  space.  The  diamonds  employed 
wma  as  bort,  black  diamonds,  or  carbo^is,  and  their  only  resemblance 
K  azoaes  used  by  jewelers  is  the  necessary  hardness.  The  carbons  ara 
^  sKored  in  a  soft  metal  bed,  in  sockets  drilled  in  the  bit,  and  they  pro* 
^iow  the  bit  and  also  sufficiently  inside  and  outside  to  insure  the  cutting 
pKfvt  kige  enough  to  provide  clearance  for  the  bit  and  the  attached  drill 

itWBM.  The  same  result  is  arrived  at  by  the  sbot-drill  method,  by 
k^BQcles  of  chilled  cast  iron  called  shot  are  used  as  the  abrasive  or  cutting- 
i.  The  shot  b  poured  loose  into  the  hole  and  forced  against  the  rock  by 
ItengbiL 

laeicy  of  Brfll-Methods.  Both  of  the  drill-methods  mentioned  are  ex- 
it but  as  thQT  are  the  only  methods  which  will  give  an  accurate  sample 
^  cue  or  the  other  must  be  employed  where  the  accurate  determination 
ll  if  necessary.  If  the  core  corresponds  to  the  known  underlying  rock- 
fce  and  the  rock  b  continuous  for  a  length  of  from  8  to  20  ft,  it  is  safe 
kat  that  solid  rock  has  been  reached.  If,  however,  the  core  is  of  differ- 
Id  Smn  the  known  underlying  formation,  the  probability  is  that  a  boulder 
ItaB  encountered.  If  the  core  is  not  continuous  it  may  indicate  that 
tae  seams  in  the  rock  or  that  there  are  detached  rock-masses.  The  above- 
bed  iicthods  are  used  after  the  overlying  earth  has  been  penetrated  by 
^fbe  PiPE-siKKiNG  methods  previously  described. 

llawlti  d  Pipe-Borings  are  frequently  misleading  and  misinterpreted, 
pal  care  should  be  taken  to  compare  the  samples  with  samples  obtained 
^thcr  borinp  wlieie  the  exact  character  of  the  materials  tested  is  known. 

I 

11.  Loading-Ttstf 

KnI  Conndeimtioiis.    Loading-tests  of  the  materials  forming  the  foun- 

Ikd  are  made  to  assist  in  deterraim'Bg  its  Safe  bearing  cat>acity.    it  is  not 

to  what  extent  the  supporting  power  of  a  given  soil  varies  with  the  area 

to  the  ubH  load,  and  tests  on  small  areas  are  not  a  sale  guide  for  the 

00  large  areas^    On  account  of  the  expense  involved,  tests  on  large 

nreiy  made,  tbe  usual  test  being  on  an  area  of  about  x  sq  ft.    The 

be  made  on  an  undisturbed  portion  of  the  foundation-bed,  leveled 

the  tcstrlood,  and  for  a  space  around  the  ases  tested,  so  that  the 
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adjoining  material  is  not  reinforced  or  suxcbakgbd  by  a  bank  of  um 
material.    The  load  should  be  applied  with  the  least  possible  jar  or  mo 
of  the  surface  in  contact  with  the  material  of  the  foundation-bed. 

Explanation  of  Methods.  A  convenient  arrangement  for  this  i 
consists  of  a  vertical  timber  or  post  carrying  a  jdatform  to  receive  the  te 
and  having  four  horizontal  guys  at  the  top  to  keep  the  post  in  a  vertical  p 
The  bottom  of  the  post,  forming  the  loading-area  should  be  approxixnatel 
12  in  and  its  exact  area  should  be  known.  The  platform,  sufficiently 
to  support  the  load  to  be  applied,  should  be  concentric  with  the  post 
dose  to  the  bottom  of  the  post  as  practicable.  The  load  may  be  pis  iron* 
or  sand  in  bags»  or  any  other  convenient  material.  The  guys  should  he 
than  four  in  number,  should  be  attached  to  the  top  of  the  post  and  shoi 
horizontally  so  as  not  to  pull  up  or  down  on  it.  Levels  should  be  re 
point  on  the  post  above  or  below  the  load,  as  may  be  most  convenien 
loaa  should  be  applied  gradually  and  with  the  least  possible  jar,  care  beiiM 
also,  to  keep  the  loading  uniform  on  opposite  sides  of  the  post,  which  sfa 
always  vertical.  -  Leveb  should  be  taken  at  frequent  intervals  during  the  ; 
tion  of  the  load.  The  level  observed  when  the  platform  is  first  in  posit! 
be  taken  as  zero  and  successive  settlements  referred  to  it.  When  the  p 
unit  load  has  been  reached,  no  additional  load  should  be  added  until  no 
settlement  is  observed.  Alter  this,  first  50  and  later  100%  overload 
added  and  the  total  and  periodic  settlements  observed.  If  the  settlemec 
a  test-load  of  twice  the  proposed  load  is  not  excessive,  the  test  is  consider 
factory. 

13.  Topograpliical  and  Special  CondltionB 

ExcaTStions  over  Inclined  Strata.  In  case  the  site  of  a  proposed  1 
is  on  a  slope,  and  espedally  if  the  slope  is  steep,  there  may  be  dan^cx 
slip  of  the  material  forming  the  foundation-bed.  (See,  also,  page  135. 
may  occur  if  there  is  an  inclined  plane  of  separation  between  layers  of  thi 
lying  rock,  or  between  the  rock-surface  and  the  material  overlying  tl 
or  if  inclined  strata  or  beds  of  clay  occur  below  the  foundation-bed. 
such  locations  are  the  more  likely  to  occur  if  water  is  present,  as  th 
increases  the  weight  of  the  soil  and  also  reduces  the  coefficient  of  jr 
against  sliding.  Such  conditions  are  frequently  indicated  by  the  appeal 
sprin;^  or  springy  ground  below  the  site.  Where  the  base  of  the  slope 
a  stream  or  river  there  may  be  danger  from  the  washing  away  of  bank 
have  been  supporting  the  side  slopes  of  the  valley.  In  the  case  of  deep 
with  steep  clay  banks,  or  in  any  location  where  landslides  have  been  lu 
occur,  great  care  should  be  taken  to  extend  the  footings  to  a  bed  that 
be  affected  by  any  landslide.  It  sometimes  happens  that  there  is  a  sl< 
tinuous  and  general  movement  of  the  material  forming  the  side  slope  of 
toward  the  center  of  the  valley;  but  such  conditions  are  rare,  fortunate 
general,  no  adequate  protection  is  possible.  In  i^rtain  limestone  foi 
there  is  danger  from  natural  caves  formed  in  the  limestone  by  the  a 
water. 

ExcSTstions  Near  NnTigable  Waters.  When  buildings  are  loot; 
iiavigable  waters,  it  not  infrequently  happens  that  dredging-opetatic 
considerable  distance  induce  a  flow  of  fine  sand  or  clay  from  strata  nn 
the  adjoining  banks.  This  has  occurred  where  the  existence  of  sue 
was  not  suspected.  This  danger  is  especially  to  be  guarded  ai^nst  in 
localities  adjoining  waters  which  are,  or  may  be,  used  as  navifcable  st4 
in  locations  near  the  water-front  where  it  is  likely  that  docks  will  be  com 
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tift  finm  Adloiiinig  Szearations.  Common  and  statute  laws  make 
provision  for  the  protection  of  property-owners  against  damage  result- 
ixitbe  acts  of  others  in  maicing  such  excavations;  but  an  owner  has  usu- 
l»aetn»l  over  such  operations,  whether  on  adjoining  properties  or  streets, 
)m  ^oenl  will  prefer  the  assurance  of  safety  to  the  possibility  of  damage 
b  bdUiog  and  the  expense  and  uncertainty  of  a  lawsuit.  While  it  is  not 
^  pQsable  to  guard  fully  against  the  effects  of  adjoining  excavations,  and 
jidc  expense  of  90  doing  is  not  always  justifiable,  due  consideration  should 
^  to  the  matter.    The  following  suggestions,  therefore,  may  be  of  value. 

IfCk  ef  Adjoiniiig  BzcaTstions.  Footings  adjacent  to  property-lines 
Inted  where  there  is  a  probability  of  future  additions  to  a  building,  or 
fiipef  a  imildxag  which  adjoins  property  liable  to  become  the  site  of  building- 
Ubos,  sbonld  go  down  at  least  as  deep  as  the  maximum  probable  depth  of 
MJactot  week.  In  estimating  these  probabilities,  the  character  of  the  loca- 
fAooid  be  taken  into  account.  In  medium-priced  residential  sections 
Iv^aze  laic^  carried  much  deeper  than  10  ft,  a  sufficient  depth  for  a  cellar 
Irfsa  heigfat  bdow  grade.  In  high-priced  residential  sections  it  is  not  un- 
1 1»  have  both  a  basement  and  a  cellar,  in  which  case  a  depth  of  cellar 
b  pade  ap  to  20  ft  may  be  expected.    Cellars  for  residences  are  rarely 

bebw  10  ft,  if  in  reaching  that  depth  the  excavation  goes  below  the 

r-cL  In  fact,  a  high  water-level  discourages  deep  excavation,  not  only 
of  the  increased  difficulty  and  expense  of  excavation  but  also  on 

of  tbe  expense  of  waterproofing.  In  business  sections,  especiaJly  in 
btt  of  hi^  ground-rents,  there  is  an  increasing  tendency  toward  deep 
B.  e^xdaUy  In  boiler-rooms,  where  clear  heights  of  20  ft  and  over  are  de- 
le for  Biodem  water-tube  boilers.  The  basements  are  frequently  rentable 
m  %ares  for  restaurants,  vaults,  stores,  etc.,  so  that  in  many  instances  the 
~  arrhaniral  equipment  of  the  building  is  housed  below  the  basement  in  a 
t  and  boiler-pit,  the  excavation  for  which  extends  down  at  least 
:a  special  cases  60  ft  below  the  curb;  and  this  notwithstanding  tbe 

the  water-level  may  be  only  from  10  to  20  ft  below  the  curb. 

aad  Trenches  as  AffectiiiK  Foundations.  In  cities  and  towns 
should  be  given  to  the  possibility  of  the  construction  of  trenches 
dreeCs.  For  tbe  majority  of  localities  it  will  be  sufficient  to  consider 
depth  of  a  sewer  of  the  proper  depth  to  serve  the  street.  In  other 
it  win  be  necessary  to  consider  the  broader  question  as  to  the  proba- 
\<d  d«per  excavations  for  trunk  sewers,  subways,  etc.  As  such  construc- 
|iac  controlled  by  broad  topographical  considerations,  no  general  rules  can 
lii  aad  the  local  city  engineer  should  be  consulted. 

~'  Mms  Near  Mines,  Shafts,  Wells,  Etc.  In  mining-districts  local 
should  be  consulted  as  to  danger  from  the  caving  of  old  mine- 
Xo  adequate  provision  can  be  made  in  the  foundation  against 
caving  or  subsidence  as  may  result  from  mining-operations, 
cases,  successive  falls  of  rock-fragments  from  the  roof  may  gradually 
fo^  left  by  the  mining-operations,  as  the  loosely  piled  fragments  of  the 
occupy  more  space  as  till  than  they  did  as  part  of  the  solid  roof-ma»i. 
happens  that  where  the  original  working  is  deep,  progressive 
ci  the  roof  fills  all  voids,  and  no  surface-settlements  result.  In  other 
orerborden  may  settle  as  a  solid  mass,  causing  a  settlement  at  the 
equal  to  the  thickness  of  the  old  working.  Precautionary  measures  may 
the  filEng  in  of  the  workings,  a  subject  outside  the  limits  of  this  chapter, 
of  an  important  building  a  local  mining  engineer  should  be  consulted 
tbe  location  of  the  building  changed  to  a  safer  site.    MnnKO* 
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.SEAFTS,   DEEP  WELLS,   SHATTS  TOR  TUNNELS,   CtC^   may  CSUSe  dfetmlM 

the  soil,  but  in  such  cases  the  settlement  is  generaUy  concentiBted  aicv 
shaft  or  well,  and  buildings  at  a  reasonable  distance  are  slightly  afffyftwcj,,  » 

Foundations  IftMr  Tunnoto  and  Trenches  for  Railroads  and  Sis 

In  large  cities  the  necessities  of  transportation  are  increasingly  calling  1 
etruction  of  underground  kailhoads,  tunnels  and  subways.  Such  oonsti 
are  generally  planned  to  follow  streets.  Railroad  tunnels  for  trunk  ^ 
be  expected  to  follow  direct  lines  to  centrally  located  stations  or  terimna. 
■routes  which  avoid,  as  far  as  possible,  difficulties  of  construction,  condec 
of  real  estate  and  damage  to  bigh-priced  properties.  The  depth  cif  ease 
will  generally  be  as  shallow  as  practicable.  Where  the  tunnel  has  to  dip 
underneath  some  obstruction,  the  approach-grades  will  probably  be  at  tl 
imum  or  limiting  grade  of  the  particular  section. 

Relation  of  8ttl>wa78  to  Foundations  of  the  Most  Important 
Ings.  In  SUBWAY-CONSTRUCTION  for  rapid-transit  passenger  service,  tf 
can  be  operated  on  sharper  curves  and  with  steeper  grades  than  would. 
in  the  case  of  a  trunk-line  railroad.  This  permits  the  lines  to  follow 
the  lines  of  the  city  streets.  For  traffic-considerations  the  locations 
general,  follow  the  principal  arteries  of  surface  traffic,  and  stations  will, 
eral,  be  located  at  intersections  of  important  streets,  where  there  is  the  4 
congestion  of  population.  As  sudi  conditions  are  caused  by  the  exisi 
trade-centers,  and  call  for  the  construction  of  high  buildings,  it  may  ret 
seen  that  the  heaviest  and  most  important  buildings  are  most  likely 
their  foimdations  affected  by  the  construction  of  a  subway  in  their  xm: 
vicinity.  Where  there  is  reason  to  apprehend  the  construction  of  su 
WAYS  or  TUNNELS,  information  should  be  sought  as  to  the  probable  <i 
the  excavation,  the  depth  at  which  water  is  encountered,  the  characte 
material,  the  probable  width  of  the  construction  as  affecting  the  use  of  s 
vaults,  and  the  method  to  be  employed  in  making  excavations.  Wl 
excavations  for  such  tunnels  and  subways  have  been  carried  belo-w  th 
of  the  footings  of  adjoining  buildings,  as  in  Baltimore,  Boston,  Brookljm,  ^ 
and  New  York  City,  huildings  along  the  routes  have  been  seriouely  t 
Such  resuhs  have  not  been  limited  to  any  particular  methods  used  in  1 
struction  of  the  tunnds,  as  even  where  the  excavations  were  wholly,  01 
in  rock,  serious  damage  has  been  done. 

iS.  Loads  Coming  on  the  Footings 

The  Loads  to  be  Conaidered  in  the  design  of  the  footings  of  a  d 
are: 

(z)  The  Dead  Loads,  or  the  loads  due  to  the  actual  weight  of  the  coi 
structure,  ready  for  occupancy. 

(a)  Th«  Live  Loads,  or  the  loads  due  to  the  occupancy  of  tiK  building  t 
to  the  weight  of  snow  on  the  roof. 

(3)  The  Wind-Loads,  or  the  vertical  components  of  stresses  in  the  St 
produced  by  wind-pressure. 

(i)  The  Dead  Load.  The  dead  load  of  any  structure  can  be  so 
calcxilated.  If  the  structure  is  properly  designed  the  part  of  the  de 
supported  by  each  element  of  the  loundation  can  be  deEnitely  statjod.  T] 
dead  load  becomes  effective  as  soon  as  the  building  is  completed,  and 
constant  thereafter  unless  additions  or  alteratioes  are  made  to  or  in  th 
tur£. 
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lif*  f— fl  The  five  load  of  ainj  «tiuctUEe  is  the  «um  of  the  roof • 
In  *<*^"»"g  the  roof  and  floors  the  calculations  for 
on  aa  aesiuiied  unit  load  which  should  be  the  maximum  load, 
wah  tke  proiiable  use  of  the  structure^  to  which  any  portion  of  the 
ij  ever  be  snbjected.  The  amumed  live  load  is»  therefore,  prob- 
Ipur  than  the  average  load  for  the  entire  area  of  a  floor  or  the  entire 
pibe  rod.    Moreover,  as  it  is  improbable  that  conditions  of  maximum 

■  ■3  rrer  occur  simultaneously  on  the  roof  and  on  afl  of  the  several 
!l  is  probable  that  the  -maximum  load  on  the  footings  wiTl  be  less  than  the 

Timnm  loads  on  the  roof  and  on  the  several  floors. 

lire  Load  for  an  unloaded  building  is  zero. 
Ltf«  Load  win  vaxy  from  zero  to  a  nuudmum,  which  maximum 
pnijjr  he  less  than  the  total  assumed  live  load. 

Lloii  tl  tho  Probable  Msarimnm  Live  Load  to  the  Assumed  Live  Load 
m  &taal  boxldings,  so  that  no  table  or  general  rule  can  be  given. 

iftolaliB  Maaaamaa  Ure  load  As  it  is  important  to  know,  approxi- 
fitleBt,  the  Tnaximnm  live  loads  to  which  the  footings  will  be  subjected, 
^Aa  —*«"»«>«  may  be  only  a  fraction  of  the  assumed  live  loads,  the 
M  ifaoald  make  a  careful  study  of  the  conditions  of  loading  to  which  the 

■  vin  pfobably  be  subjected  and  estimate  the  probable  maximum  live 
prue  entire  building. 

Ute  «■**— ^*«g  XiT«  Loada.  (See,  also,  Chapter  XXI,  pages  71S 
tj  hi  *1?"*f^TTg  the  probable  maximum  Eve  loads  for  different  uses,  the 
ki  aolEs  may  be  of  value.  In  certain  buildings  the  assumed  unit  load- 
I  te  loof  aad  on  parts  of  each  floor  may  be  reached  at  various  times, 
ik  aafise^  that  the  maximum  loading  of  all  parts  of  the  building  will 
KCbe  auBe  time.  In  buildings  of  many  stories  the  probability  of  having 
M  loads  OQ  all  ol  the  floors  at  the  same  time  decreases  as  the  number 
bi! 

and  Oflloo-Vanitam  weighs  from  5  to  10  lb  per  sq  ft  of 
While  safes,  bookcases  or  filing-cases  may  produce  local  load- 
10  to  xoo  ib  per  sq  ft.  the  average  load  on  office-floors  rarely  reaches 
l^sqft. 

Ifeaeca»  Apartmenls  and  Parts  of  Hotels  not  used  for  public  assemblies 
dir  loaded  with  moxe  than  5  lb  per  sq  ft  of  floor-area. 
I  ntf  Wholesale  Storea  require  a  large  percentage  of  the  floor-area  for 
td  salespeople  and  customers,  and  not  over  50%  of  the  floor-area  is  used 
iitoags  of  stock.  In  estimating  the  weight  of  miscellaneous  stocks,  an 
rbetveen  the  fittest  and  heaviest  classes  should  be  taken  for  the  weight 
ikioot,  and  abo,  in  figuring  the  total  space  occupied  by  stock,  an  average 
%e  taken  between  the  maximum  and  minimum  amount  of  stodJL  carried. 
BL  mr-oooDS  stores  the  floor-load  for  the  entire  building  may  amoimt 
moK  than  35  lb  per  sq  ft,  but  in  .WBOuesAjx  stores,  and  especially  in 
read  hardware  stores,  the  average  load  may  greatly  exceed  this  figure. 
RBk*ofa»  Laft-Suildlaca  aad  Biriirtingii  lar  ManufatUaiag,  the  actual 
A  win,  of  Gonne,  vary  with  the  class  of  material  handled  and  the  weight 
■daueiy  used,  and  no  aenenJ  esdmate  can  be  made.  Where  the  char- 
I  the  erowpancy  to  be  expected  is  knoarn  it  is  possible  to  make  a  dose 
oi  the  weii^ts  9i  marhineiy,  fixtures  and  average  stock  00  each 


In  bqildines  used,  in  whole  or  in  part,  ior  sxoraae  pxmPOSES 
■sj  be  used  for  Hght,  bulky  materials  which,  when  stowed-so  as  to  kaw 
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gangwasrs  and  working-spaces,  will  give  a  resokant  load  much  bdov 
sumed  load.  On  the  other  band,  the  heaviest  materials  may  be  a 
piled  from  floor  to  ceiling  in  defiance  of  building  regulations,  posted  no 
common  sense.  Raw  materials  or  crated  or  baled  materiab  can  bi 
closer  than  miscellaneous  articles,  and  are  therefore  liable  to  increase  t 

The  Ratio  of  the  Total  Probajhle  MaTimnm  Live  Load  to  the  Total 
Live  Load  having  been  determined  for  the  entire  building,  the  probable  n 
live  load  for  any  element  of  the  footing  may  be  readily  obtained  by  mi 
the  assumed  or  calculated  live  load  for  that  element  by  this  ratio. 

(s)  The  Wind-Load  is  generally  calculated  on  the  assumption  that 
may  exert  a  uniform  pressure,  frequently  taken  at  jo  lb  per  sq  ft,  on  t 
external  area  of  any  side  of  the  building.  This  assumption  makes  no  d 
for  the  protecting  influences  of  adjoining  buildings.  In  a  building  of  a 
is  improbable  that  the  maximum  pressure  will  be  reached  over  the  entitf 
area  at  the  same  instant  of  time,  and  consequently,  if  the  assumed 
represents  the  maximum  pressure,  the  average,  at  any  time,  will  be  I 
the  calculated  total. 

General  E£fect  of  Wlnd-Prestiire.  The  horizontal  pressure  of  the  wi 
to  increase  the  load  on  footings  on  the  leaward  side  of  the  building  ai 
crease  the  load  on  footings  on  the  windward  side.  In  many  buildings 
bracing,  called  wind-bradng,  or  other  special  construction,  is  used  to 
the  building  from  being  deformed  by  the  wind-pressure  and  to  convert 
zontal  stresses  due  to  the  wind-pressure  into  vertical  components,  acti 
defined  lines  of  support,  that  is,  into  either  uplifts  or  loads  on  certa 
piers  or  columns.  Where  the  uplift  on  any  element  of  the  structure  is ' 
the  dead  load  on  the  same  element,  the  uplift  is  ignored.  Where  the 
component  increases  the  compression  in  any  element  it  is  called  the  wind 
IHAT  ELEMENT  of  construction  and  on  the  corresponding  footing.  Tl 
is  generally  based  upon  concentrating  all  of  the  wind-load  on  certain 
footings.  If,  on  account  of  the  general  rigidity  of  the  building,  or  on  ac 
any  other  reason,  the  wind-stresses  reach  footings  not  designed  to  reoei 
loads,  the  amounts  figured  on  the  external  footings  will  be  reduced  cor 
ingly.  It  is  probable  that  the  maximum  effect  of  the  wind  results  fron 
of  impulses  of  short  duration  and  that  the  effect  of  such  pulsations 
partially  overcome  by  the  inertia  and  elasticity  of  the  buildings;  so 
resultant  load  reaching  the  footing  may  be  only  a  part  of  the  theoretical 
the  instant  during  which  the  maximum  pressure  is  exited.  (See,  also. 
XXIX,  Wind-Bracing  of  Tall  Buildings.) 

The  Probable  Maximum  Wind-Load  acting  on  the  footing  is,  therd 
than  the  theoretical  load  due  to  the  maximum  wind-pressure.  If  the 
wind-load  represents  approximately  the  maximum  wind-pressure,  as 
by  a  wind-gauge,  it  would  appear  safe  to  assume  that  only  50%  of  the 
wind-load  would  act  to  produce  a  settlement  in  the  footings  of  a  ! 
Some  authors  recommend  that  in  proportioning  footings  all  wind-} 
ignored;  but  this,  especially  in  the  case  of  high  and  narrow  buildiiig!^i 
festly  improper.  The  minimum  wind-load  is  negative,  being  actu&Uy  i 
from  which  the  load  may  vary  to  the  maximum,  but  the  maximuai 
reached  only  at  rare  intervals  and  will  endure  for  a  short  period  only. 

The  Combined  Wind-Load  and  Live  Load.  It  is  improbable  that  fi 
mum  wind-load  and  the  maximimi  live  load  will  occur  at  the  same  tij 
consideration  should  be  borne  in  mind  when  the  estimate  is  beins  in 
the  effective  wind-load. 


Assumed  Loads  Specified  by  Building  Codes 
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Lottds  Spectted  by  Bvfldinc  Codes* 

■  IL  RcquiiementB  of  Bnildinc  Codes  for  Aasiuned  Loads  for  OlBce- 

Bttfldings 


Gtr 


MlGs.. 


toxN.Y... 


psfoEs,  HIuui. . 


(mu,Mo.*. 


M.SIinn.. 


DL. 


Up*  Oty*. 


Requirements 


Live  load,  7S  lb  per  sq  ft  above  ist  floor;  150  lb  per  sq  ft  on 

1st  floor 
Footings  designed  for  dead  load  and  60%  of  live  load  and 

wind-load 

Li v« load,  100 lb  per  sq  ft.  Wind-load,  30  lb  per  sq  ft  where 
erected  in  open  spaces;  in  built-np  districts,  25  lb  at  the 
xoih  story.  3^i  lb  more  for  each  succeeding  upper  story. 
up  to  a  maximum  ctf  35  lb  to  the  X4th  story  and  above 

Live  load .  70  lb  per  sq  ft .  Wind-load ,  30  lb  per  sq  ft .  Foun- 
dations designed  for  the  acting  average  loads  in  the  com- 
pleted and  occupied  building  and  not  the  theoretical  or 
occasional  loads 

Live  load.  75  lb  per  sq  ft  above  the  first  floor;  100  lb  for  first 
floor.  Wind-load,  30  lb  per  sq  ft.  Roof  and  top  floor,  full 
Cve  load.  For  each  succeeding  lower  floor,  a  reduction 
of  S%  until  50^  is  reached,  such  reduction  being  used  for 
the  remaining  floors 

Foundations  designed  for  60%  of  the  live  load 

Live  load,  70  lb  per  sq  ft;  first  floor.  150  lb.  Loads  carried 
by  the  soil,  total  dead  load  and  10  lb  per  sq  ft  of  all  the 
floor-area.    Wind-load,  30  lb  per  sq  ft 

Live  load.  60  lb  per  sq  ft  above  the  flrst  floor.  First  floor. 
125  lb.  Wind-load,  30  lb.  Roof  and  top  floor,  full  load: 
for  each  lower  floor,  a  reduction  of  5%  until  50%  of  the  full 
live  load  is  reached,  when  such  reduced  load  shall  be  used 
for  the  remaining  floors.  Footings  designed  for  dead  load 
and  live  load 

Live  load,  50  lb  per  sq  ft  above  flrst  floor;  100  lb  for  flrst 
floor.  Live  load  reduced  by  5%  for  each  floor  below  the 
top  until  ao%  is  reached,  when  such  reduced  loads  shall 
be  used  for  remaining  floors.  Wind-load,  20  lb  per  sq  ft 
above  surrounding  buildings 

Live  load,  50  lb  per  sq  ft.  50%  of  the  live  load  used  for 
piles.  Piers  designed  for  85%  of  live  load  on  top  floor 
and  reduced  by  S%  for  each  lower  floor  until  50%  is 
reached,  when  such  reduced  loads  shall  be  used  for  the 
remaining  floon.    Wind>load  ao  lb  per  sq  ft 

Footings  designed  for  60%  of  the  live  load 

Live  toad  60  lb  per  sq  ft  in  offices  proper.  100  lb  per  sq  ft  in 
halls,  lobbies,  etc.  Footings  for  walls  designed  for  50% 
<A  live  loaA.  Free-staiKIfng- columns -desiKned  for  80% 
of  ioo>lb  load  and  75%  of  6o>lb  load.  Wind-load  30  lb  per 
sq  ft;  for  f f%s-standing  structures  in  built-up  districts 
25  lb  per  sq  ft  at  the  loth  story  and  2V^  lb  less  for  each 
lower  story,  and  2H  lb  more  for  each  higher  story,  until 
35  lb  is  reach«^ 


life  aic  constantly  rl»*w|p»fr-  Richmond's  new  code  gives  floor-loads;  St.  Louii 
k^  sooie  vahies;  New  York  City's  new  code  gives  floor-load  values  different 
lar  d  the  ioraacr  code. 
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ReductlM  in  AanUMd  L«fldib  The  buUding  codss  of  vark^ns  d 
tain  rules  governing  the  assumptions  to  jae  made  as  to  live  loads  and  wi 
and  these  rules  generally  provide  for  some  reduction  in  the  ASSUwtB 
Geneiallyr  it  will  be  found  possible  to  meet  theM  requiremenri  axui  at  i 
time  arrange  for  the  proper  proportioning  of  the  supporting  areas.  ' 
page  151,  gives  briefly  the  requirements  of  the  building  codes  of  several 
to  assumed  loads  for  office-buildings. 

15.  Proportionixig  the  Supporting  Areas  for  Equal  Settlen 

The  Minimum  Areas  of  Support.  The  actual  dead  loads  and  the 
live  loads  and  wind-loads  for  each  linear  foot  of  wall  and  for  each  colu 
or  other  supporting  element  of  the  building  down  to  the  level  of  the 
having  been  calculated,  a  foundation-plan  should  be  prepared  givin^^  thi 
and  center  of  action  of  all  loads.  For  safety  imder  the  worst  possible  < 
tion  of  loads,  each  footing  should  be  ample  to  support  the  total  of  the  de 
live  loads  and  wind-loads  coming  on  it  The  minimum  areas  of  sup 
any  footing  are  obtained  by  dividing  the  total  of  the  dead  loads,  live  1< 
wind-loads  by  the  safe  supporting  power  of  the  foundation-bed. 
foundation-bed  is  rock,  or  can  be  considered  as  incompressible  under 
load,  the  minimum  areas  so  obtained  may  be  used  for  the  footings. 
pressible  materials,  or  generally  on  all  materials  other  than  rock,  th 
these  minimum  areas  will  not  result  in  unilorm  settlements  owin^;  to 
that  the  actual  live  loads  and  wind-loads  are  not  consistent  with  the 
live  loads  and  wind-loads. 

The  Actual  Loads  on  the  Footings.  In  accordance  with  what 
previously  said,  let  us  assume  that  the  dead  load  is  constant,  and  tl 
building  under  consideration  the  probable  maximum  live  load  is  50^ 
assumed  live  load,  that  the  probable  maximum  wind-load  is  40%  of  the 
wind-load,  and  that  on  the  completion  of  the  building,  for  a  ^ort  pe 
live  loads  and  wind-loads  reduce  to  zero.  The  actual  loads  on  the  i 
would  then  be: 

(i)  Upon  completion  of  the  building,  the  dead  load  only; 

(2)  Under  the  maximum  load  due  to  occupancy  and  to  snow  on  1 

the  dead  load  plus  50%  of  the  assumed  live  load; 

(3)  When  loaded  as  in  (2)  and  subject,  in  addition,  to  the  maximu 

able  wind-action, 

(a)  The  footings  on  the  leaward  side  of  the  building  will  sustain  1 

dead  load,  plus  50%  of  the  afwtimrd  Hve  load,  plus  40%  ol 
sumed  wind-load; 

(b)  The  footings  on  the  windward  side  of  a  building  will  sustain  1 

dead  load,  plus  50%  of  the  assumed  live  load,  minus  40%  o 
sumed  uplift; 

(c)  Other  footings  will  support  the  total  dead  load,  plus  50%  ol 

sumed  live  load,  plus  zero  wind-load; 

(4)  Intermediate  conditions  as  to  live  loads  and  wind-loads  will 

loadyigs  intermediate  between  (i)  and  (3). 

Variations  in  Unit  Loads  on  Foundation-Bads.    With  such  knov 
tions  it  is,  therefore,  impossible  to  proportion  the  supporting  areas  so 
tmit  load  on  the  foundation-bed  shall  be  uniform  at  all  times.    If  the 
ing  areas  are  proportioned  in  the  ratio  of  the  dead  load  only,  the  buil 
completion,  and  before  occupancy,  will  uniformly  load  the  supportin 
and  at  that  time  all  of  the  footings  should  show  equal  settlemeat^;    bu 
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^vbn  tbe  sippoitinK  accaft  htPf^  been  suiipectfd  jbotkeJEvU ejects  of  tibe 
mk  awl  wind-loads*  certain  suppoitiAg  axeasi,  having  a  high  peroeatage 
Bfaa^  or  of  Kve  loads  and  wind-ioadsy  will  be  subject  to  a  higher  unit 
laad  the  oocresponding  footii^s  will  consequently  settle  more  than  other 

0  appofting  a  low  percentage  of  live  loads,  or  live  loads  and  wind- 
i 

•Cvforaaly  in  Footiag-SettleineAtf .  If,  on  the  other  hand,  the  sup- 
if  mas  are  jvoportioDfed  on  the  basis  of  the  dead  loads,  plus  the  maximum 
Wi^  plus  the  mairimum  wind-loads»  even  if  the  icaxdiusc  loads  are  the 
ICE  ACTUAL  MAXunru  LOADS,  and  not  the  fictitious  assumed  loads,  it  is 
liUe  that  upon  the  comi^tion  of  the  building  and  before  occupancy,  the 
tarn  anas  having  a  lower  percentage  of  live  loads  and  wind-loads  will 
liipff  unit  load,  and  the  ooziesponding  footings  will  have  settled  more 
sAa  footings  su[q;)orting  a  high  percentage  of  live  loads  and  wind-loads. 
Ib  btts,  the  footings  will  not  come  to  a  uniform  settlement  until  they 
tea  sabjected  to  the  maximum  live  loads  and  wind-loads. 

Hkaiy  Roles  for  Proportioning  Supporting  Aroas.  Various  arbi* 
k  ITLB  have  been  recommended  for  the  proportioning  of  the  supporting 
(t»  itaat  eqnal  settlements.  These  ndes  generally  {Hovide  for  a  reduc- 
b  the  assumed  live  loads  and  wind-loads,  but  do  not  take  into  consideration 
Kt  tJut  a  bige  proportion  of  the  total  settlement  of  certain  footings  may 
|JKe  subsequently  to  the  completion  of  the  building  and  alter  other  loot- 
PQ  lave  reached  practicaUy  their  full  settlement. 

Role  for  Proportioning  Supporting  Areag.  The  rule  herein'* 
piovides  not  only  for  a  reduction  of  the  afwutnrd  loads  on 
BotioBsl  basis,  but  also  for  the  pro(iortionittg  of  the  footings  for  the  mean 
aoead  ci  for  the  ultimate  load,  and  it  is  believed  that  the  resulting  settle* 
ini^  be  as  neacly  uniform  as  possilile.  The  rule  is  based  on  the  propor- 
H  if  the  footings  in  accordance  with  the  loads  which  will  act  on  the 
ip  at  the  time  vben  all  of  the  dead  loads  and  one-half  of  the  probable 
■BB  &ve  loads  and  wind-loads  eadst.  The  reason  for  taking  one^half  of 
Hbable  maximum  ^wind-loads  and  live  bads  is  that  these  loads  vary  from 
lit  amomiii,  the  average  betog  one^half  of  the  maarimum. 

niaoa  for  Varimtlons  In  Loads.  On  the  completion  of  the  building 
^re  the  live  loads  or  wind-loads  have  gone  on  the  footings,  the  settle- 

1  vil  Dot  be  uniform,  because  areas  designed  for  a  high  percenta«ce  of  live 
aad  vind-loads  will  have  much  less  than  their  average  load  and  will  there- 
■se  iettled  less  tJian  footings  having  a  lev  percentage  of  lire  loods  and  wind- 
^  When  these  same  footings  have  been  subjected  to  the  maximum  probable 
Bah  aad  wind-loads,  the  settlements  will  again  be  imequal,  because  the 
I  kve  been  proportioned  for  only  0Bc4iai£  of  the  probable  maximum  live 
lad  wind-loads;  but  the  footings  which  originally  were  the  highest  will 
be  the  lowest.  The  inevitable  movement  due  to  the  variation  in  the  live 
i  ud  wind-loads  will  be  equally  divided,  one-half  of  the  settlement  being 
iRd  to  bring  the  footing  to  the  level  of  a  footing  having  the  dead  loads  only, 
^ftther  half  of  the  settlement  carrying  it  an  equal  distance  below  the  same 
'tf.  In  other  words,  the  method  provides  for  the  least  possible  variation 
m  Votings  having  different  proportions  of  Hve  loads  and  wind-loads. 

|i  Kettt  Load,  For  lack  of  a  better  name,  the  loads  taken  for  the  pro- 
katf  oi  tile  footings,  consisting  of  the  total  dead  loads,  one-half  of  the 
Uc  HM-rii^wm  Hve  loads  and  one-half  of  the  probable  wind-loads  coming 
mhotiog,  will  be  caUed  the  xbam  ZjQAD. 
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Th«  Mean  Unit  Load.  The  areas  will  be  made  such  that  the  loa<i 
foundation-bed  due  to  the  mean  loads  will  be  uniform,  and  this  unifoi 
which,  in  general,  will  be  considerably  less  than  the  allowable  unit  load 
foundation-bed  will  be  called  the  mean  unit  load. 

llie  Minimum  Unit  Load.  The  necessity  for  providing  for  tht 
possible  con(^tion  of  loading  is  satisfied  if  the  supporting  area  for  all  1 
is  sufficiently  large  to  support  the  total  of  the  dead  loads  and  the  assuxi 
loads  and  wind-loads  at  the  allowable  unit  pressure.  The  resulting  < 
support  are  the  lONncuM  areas,  and  any  change  in  these  areas  neoes 
make  them  proportionate  to  the  mean  loads  must  be  effected  by  increasii 
areas  rather  than  by  diminishing  any.  Any  mean  unit  load  which  wou 
when  divided  into  the  mean  loads,  areas,  all  of  which  would  be  laiger  tl 
minimum  areas,  would  serve  as  the  mean  unit  load,  but  it  is  more  ecoi 
to  determine  the  lowest  possible  uean  unit  load  which,  when  api 
the  mean  loads,  will  give  the  least  possible  increase  of  the  areas.  This 
done  by  determining  which  one  of  the  minimum  areas  carries  the  leas 
LOAD  PER  SQUARE  FOOT.  This  area  may  be  selected  by  calculating  th 
load  on  each  of  the  minimum  areas,  or  more  simply,  by  comparing  tl 
of  assumed  loads  and  a  table  giving  the  mean  loads,  and  noting  which 
has  the  largest  percentage  of  reduction  between  the  assumed  load  \ 
mean  load.  The  resulting  mean  load  on  this  footing  will  be  the  mNiicc 
LOAD  which  can  be  used  as  a  mean  unit  load. 

The  Method  Reduced  to  Rule.    The  method  can  be  reduced  to 
follows: 

(i)  Prepare  a  table  giving  in  vertical  columns  or  table-divisions  f< 
footing,  the  dead  loads,  the  assumed  live  loads,  the  assumed  wind-loa 
the  total  of  these  three  loads.    This  table  is  called  the  table  of  assumed 

(2)  Prepare  a  similar  table  giving  the  dead  loads,  one-half  of  the  ma 
probable  live  loads,  one-half  the  maximum  (Nrobable  wind-loads  and  tl 
of  these  three  loads.    This  table  will  be  called  the  table  of  mean  loaix 

(3)  By  a  comparison  of  the  two  tables,  find  the  supporting  area  wh 
suffered  the  greatest  percentage  of  reduction  between  the  total  assume 
and  the  total  mean  loads  and  find  the  unit  load  resulting  from  the  mean  1 
this  area.    This  unit  load  will  be  called  the  mean  unit  load. 

(4)  Divide  the  total  mean  load  as  given  in  the  table  of  mean  loads  £ 
footing  by  the  mean  unit  load.  The  result  will  be  the  required  ar£A  < 
port. 

Short  Method  for  Determiiiing  the  Mean  Unit  Load.  From  tl 
going  it  follows  that  the  mean  unit  load  can  be  obtained  more  directly  by 
lowing  rule.  Find  the  supporting  area  which  has  suffered  the  largest  pen 
of  reduction  between  the  total  assumed  load  and  the  total  mean4oad  and 
ply  the  allowable  unit  load  on  the  foundation-bed  by  the  ratio  obtai 
dividing  the  total  mean  load  by  the  total  assumed  load. 

Ulastrative  Example.  The  following  example  is  figured  out  more  fuH 
is  necessary  in  practice  in  order  to  fully  explain  the  method  and  also  to  a 
the  method  with  other  methods  frequently  used  and  recommended.  Ore 
the  wind-loads  on  a  building  of  the  size  and  type  assumed  in  the  example  wi 
ignored,  but  they  have  been  considered  here  to  make  the  example  comp] 

A  factory-building  (Fig.  2)  is  to  have  four  floors  above  the  basemen 
capable  of  supporting  an  assumed  unit  load  of  200  lb  per  sq  ft.  The  I 
the  flat  roof  is  assumed  at  50  lb  per  sq  ft.  The  horizontal  wind-pressup 
sumed  as  a  uniform  pressiue  of  40  lb  per  sq  ft,  on  the  sides  AB  and  CI 
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Mai  component  of  the  wind-pnaBUie  is  to  be  taken  caxe  of  by  the  foot- 
■  6e  ade  walls.  There  b  abo  an  interior  self-supporting  diimney  and 
pMK  siiaf t  which  is  protected  from  the  wind  and  which  carries  no  floor* 

i 

hiMadat>o&-bed  is  a  uniform,  sandy  material  which  is  expected  to  compress 
Mr  sad  at  the  rate  of  H  in  per  ton  of  load  per  sq  ft  of  siqtporting  area. 
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PLAN  SECTION 

F^  2.    Foundation-plan  and  Section  of  Factory-building 


lAxnmf  UNIT  ix>Ao  on  the  foundation-bed  is  taken  at  4  tons,  correspond- 
l»a  settlement  of  2  in  for  the  assumed  load.  The  calculated  dead  loads  of 
indndlng  all  construction  down  to  the  level  of  the  footings,  the 
of  the  assumed  live  loads  and  the  vertical  components  of  the  assumed 
\k&k  aie  given  in  Table  III. 

TiUe  nL    Deed  Loads  and  Assumed  Live  and  Wind-Loads 


^Bseat  ai  footing 
f 


per  fin  ft . . , 

lasid  5 

2.3aztd4.-. 


Division  i, 
dead  loads 
only, 

lb 


14000 
137  500 

90000 
320000 


Division  3, 
assumed 
live  loads, 

lb 


8400 
160000 

340000 


Division  3, 

assumed 

wind-loads, 

lb 


2000 


Division  4, 
total  dead, 

live  and 

wind-loads, 

lb 


24  400 
297500 
430000 
320000 


are  called  divisioDs  to  avoid  Gonfosion  with  bailding<oiusuis. 
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A  canfulstudsr  of  the  probable  Ibttdisr<rftlie  building  diowstJ^  nn 
five  loads  at  any  one  time  will  not  ezoaed  60%  o£  th»  total  asBumed  iivi 
and  that  the  maximuai  wind-loads  will  be  leas  than  50%  of  the  aeiwimfii 
loads,  for  the  reason  that  the  assumed  wind-pressure  is  based  upon  the 
recorded  prrasuze  on  a  limited  area  in  an  exposed  sitoation,  whereas  ti 
posed  building  will  be  in  a  sheltered  situation.  Having;  therefore,  date 
the  probable  maximum  live  loads  and  wind-loads  at  60%  and  50%  respc 
of  the  assumed  loads,  the  so-called  mean  loads,  corresponding  to  loads  fa: 
between  the  minimiun  and  maximum  loads,  will  be  one-half  of  the  pi 
maximum  loads,  or  60%  XH'^  30%  of  the  assumed  live  loads  and  50 
»  35%  of  the  assumed  wind-loads.  Table  IV  gives  the  dead  loads  a 
mean  live  loads  and  wind-loads  separately,  and  the  total  of  the  dead  loa 
mean  loads,  which  total  is  to  be  used  in  proportioning  the  areas  for  leasi 
tion  in  settlement.    This  is  known  as  the  total  mean  load. 


Table  IV.    Dead  Loads.  Mean  live  and  WiMd-LoaAa  and  Tc/tti  Dead 

Mean  Loads 


Element  of  footing 

Division  5, 

dead  loads, 

unchanged, 

lb 

Division  6, 
one-half  of 
60%  of  as- 
sumed live 
loads,  lb 

Division  7, 
one-half  of 
50%  of  as- 
sumed wind- 
loads,  lb 

Divisi 

total  1 

loadi 

Side  walls  per  lin  ft 

Columns  i  and  5 

Columns  2,  3  and  4 

r!himn«»v 

14000 
137  Soo 

90000 
aaoooo 

3530 

48000 

103  000 

soo 

17 
i8s 

103 

330 

• 

Table-columns  are  called  divisions  to  avoid  confusion  with  building-columns. 


Comparing  the  two  tables  it  will  be  seen  that  the  interior  columns 
building,  columns  2,  $  and  4,  had  originally  the  largest  percentage  of  livi 
(no  wind-loads),  and  have  consequently  suffered  the  greatest  rediurtion 
amount  of  total  load.    The  minimum  areas  of  support  for  columns  2,  3 
and  also  for  the  other  elements  of  the  footings,  are  obtained  by  cUvidi 
total  assumed  loads  given  in  division  4,  Table  III,  by  8000,  the  aU< 
unit  load  in  pounds  on  the  foundation-bed.    The  resulting  areas  are  gi 
di\nsion  9,  Table  V.    No  reduction  can  be  made  in  these  areas  without  e 
ing  the  limitation  that  the  most  disadvantageous  combinations  of  loading 
ever  improbable,  shall  not  exceed  the  safe  unit  load.    The  adjustment 
areas  to  the  probable  mean  loading,  as  given  in  Table  IV,  the  table  of 
loads,  must  be  accomj^ished  solely  by  increasing  the  sizes  of  certain  footi 

If  we  divide  the  total  mean  loads  in  division  8,  Table  IV,  by  the  mix 
areas  given  in  division  9,  Table  V,  we  will  get  the  mean  load  per  squai 
on  the  Tninimiim  areas  for  each  element  of  the  footing.  The  results  gE 
division  10,  Table  V,  show  that  the  mean  load  for  colunms  3,  3  and  4  i 
3  568  lb  per  sq  ft,  while  under  the  chimney  the  load  is  8  000  lb  per  sq  I 
no  reduction  in  area  is  permissible  it  is  necessary  to  increase  the  footings 
the  chimney,  side  walls  and  columns  i  and  5  until  the  mean  unit  load 
^K>nds  to  the  mean  unit  load  for  columns  3,  3  and  5*  This  is  done  by  di 
the  mean  loads  given  in  division  8»  Table  IV»  by  3  566,  the  mean  unit  fa 
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biMi  for  cahaODB  J,  3  and  4.    llit  nsukicg  areas  are  given  in  division 
■UtV^aDd  are  the  areas  whkh  ahoukl  be  tsed. 

leaabod  of  calculation  can  be  shortened  and  reduced  to  a  rule  as  follows 
|R  Table  IV,  the  tabk  of  mean  loads,  with  Table  III,  the  table  of  assume(f 
had  bd  the  clement  of  support  whidi  has  suffered  the  highest  percentage 
iKtiBo  between  the  total  assumed  load  and  the  total  mean  load,  and  note 
nopoding  miniTnuTn  area  of  support  at  the  allowable  unit  load  on  the 
hiitM-beii  Divide  tbe  mean  load  for  the  same  element  of  support  by 
mha  of  aqoare  fieet  in  the  minimom  area  of  support.  The  result  will  be 
■t  jmd  for  mean  settlement.  Then  divide  the  mean  loads  lor  each  ele* 
idt^fatt  by  the  mean  unit  load.  The  results  will  be  the  required  areas 
Rftia  Table  Y. 


m  f  .   Men  Loads  on 


Areas  and  Areas  for  Mean  Loads 


1 

ElmcDtoflpoting 

Divi«ion9» 

mixumunx 

areas, 

sqft 

Division  10, 

mean  loads  on 

xninim  nm 

areas, 
lb  per  sq  ft 

Division  11. 

areas  fcMT  mean 

loads. 

sq,lt 

r^aTf  pQ-itn  ft 

3.05 

37.2 
53.8 
40.  a 

SSSo 
4986 
3568 
8000 

4.7 
SI  9 
S3. 8 

89.7 

is?^**  I  aad  5   

KCX3.  3ind  4 

are  called  divisians  to  avoid  coafusioa  with  buildlag-coluinns. 


unit  load  may  be  determined  by  multiplying  the  allowable  urut 
If  the  latio  obtained  by  dividing  the  mean  load  for  the  element  of  sup- 
larlfig  soffeied  the  highest  percentage  of  reduction  by  the  assumed  load 
biaae  dement. 


SetClemMita.  The  following  Tables  VI,  Vll  and  VIII  show  the 
intive  settlements  which  may  be  expected  if  the  supporting  areas  are 
fiaied  in  accordanoe  with  diiSferent  assumptions  as  to  load.  In  all  the 
I  h  is  assomed  that  the  foundation-bed  will  settle  y^  in  per  ton  of  load 
IBtre  foot,  and  that  the  total  assumed  load  will  never  load  the  foundation- 
i  excess  of  4  tons  per  sq  ft. 

Iibfe  \1  the  footings  are  proportioned  in  the  ratio  of  the  dead  loads  only. 
Uiie  Vn  the  footings  are  proportioned  in  the  ratio  of  the  total  assxtmed 
L 

bfale  Vm  the  footings  are  proportioned  in  the  ratio  of  .the  mean  loads. 
table*  division  i  gives  the  dead  load  coming  on  the  footings  on  the 
of  the  building.  Division  2  gives  the  load  comin?  on  the  footings 
i^  ba3<fing  is  subjected  to  the  nuiximum  probable  live  loads  and  wind- 
i  Divcioa  3  ^ves  the  supporting  areas  in  accordance  with  the  assumed 
1^  DivisifHi  4  f^ves  the  settlements  for  the  unloaded  building.  Divi- 
S  pvB  the  settlement  after  the  addition  of  the  maximum  probable  live 
iaij  wiad-Ioads. 

ai  TaU«  VI.    The  method  of  prpportiooing  tbe  areas  in  the 
loaicb  only,  as  reoxnmeoded  by  C  C.  Schneider*  may,  in  the  form 
be  stated  as  follows: 

on  the  Stnictural  Design  of  Buildings,  Tnxa.  Am.  Soc  C.  C,  voL  54^ 
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Fouadaftioos 


i 


Compare  the  table-division  of  dead  loads.  Table  VI»  with  the  div 
assumed  live  loads,  find  the  element  of  support  which  has  the  liighest  pei 
of  live  loads  to  dead  loads,  and  note  the  corresponding  minimum  area  of 
at  the  allowable  unit  load  on  the  foundation-bed.  Divide  the  dead  ! 
the  same  element  of  support  by  the  number  of  square  feet  in  this  minim' 
of  support,  and  the  result  will  be  the  unit  load  due  to  the  dead  load  only 
divide  the  dead  loads  for  all  other  elements  of  support  by  this  unit  la 
the  results  will  be  the  areas  required.  Thus,  in  Table  VI,  it  is  seen  by  i 
to  Table  III  that  columns  2,  3  and  4  have  the  greatest  percentage  of  1 
to  dead  load,  and  their  minimum  area  of  support,  as  in  Table  V,  is  53 
Then,  90  000  4-  53.8  -  i  675  lb,  the  um't  load  due  to  the  dead  load  onl; 
area  for  columns  i  and  s  is  137  Soo  +  i  675  -  82.1  sq  ft.  The  process 
lar  for  the  other  elements. 

Table  VL    Footings  Proportioned  m  the  Ratio  of  the  Dead  Loads  < 


Probable  settlement  where  supporting  areas  are  proportioned  in  the  rati 

dead  loads  only 


Element  of  footing 


Side  walls  per  lin  ft 
Columns  x  and  $•  •• 
Columns  2, 3  and  4 
Chimney , 


Division  i 


Dead  loads 

only, 

lb 


14000 
137  Soo 

90000 
320000 


Division  2 


Maximum 

probable 

loads, 

lb 


20040 
233  500 
294000 
320000 


Maximum  variation,  empty. 
Maximum  variation,  loaded . 


Division  3  Division  4 


Areas, 

sq  ft 


8.3 

82.x 

S3. 8 

191. 0 


Di 


Settlemei 


Empty, 
in 


0.42 
0.42 
0.42 
0.42 


0.00 


Table-columns  are  called  divisions  to  avoid  confusion  with  building-columns. 


The  calculations  for  settlements  arc  readily  made,  when  the  amount  1 
pressibility  of  the  foundation-bed  is  known,  by  multiplying  the  unit  load 
foundation-bed  of  each  element  of  support  by  the  amount  of  compressi 
the  foundation-bed  per  unit  of  load.  Thus,  in  the  above  example  tbej 
of  compressibility  is  given  as  %  in  per  ton.  In  Table  VI  the  unit  los 
dead  loads  for  each  element  of  support,  are  the  same,  or  i  675  lb  »  o^i 
per  sq  ft,  which,  multiplied  by  H  *  0.42  in.  Similarly,  the  unit  loi 
maximum  probable  loads  for  each  element  of  support  are  determined, 
loads,  in  tons,  multiplied  by  one-half,  give  the  settlements  in  inches 
division  5  of  Table  VI. 

Explanation  of  Table  VII.    The  areas  given  in  Table  VII  are  obi 
dividing  the  total  maximum  dead  loads,  live  loads  and  wind-loads 
by  the  allowed  unit,  8  000  lb  per  sq  ft,  and  are  the  minimum  areas  given] 
V.    The  settlements  for  the  loaded  building  are  baaed  on  the  maximum  | 
loads  as  given  in  diviuon  2  of  Table  VII. 
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ffcj 


fnbfthle  Kttlement  where  sai>porting  areas  are  proportioned  in  the  ratio  of 

total  assumed  loads 


of  footing 


fak«aZlsperlinft. 
I  ani  5. .. 
2.  sand  4- 


Division  x 


Dead  loads 

only, 

lb 


14  000 

137  500 

90000 

320000 


Division  2 


Maximuni 

probable 

loads, 

lb 


20040 
233500 
294000 
320000 


variation,  empty. 
Tanation.  loaded. 


Division  3 


Areas. 

sqft 


3  OS 

37.2 

53.8 
40.0 


Division  4  Division  5 


Settlements 


Empty, 
in 


I.XS 
0.92 
0.42 
2.00 


1.58 


Loaded, 
in 


X.64 
X.57 
X.36 
2.00 


0.64 


are  caUed  divisioiis  to  av<Md  ccMtCuskm  with  building<olumns. 


VMt  Vm.    FoodncB  Ptttportionod  in  tiie  Ratio  of  tha  Mean  Loads 


Ptafaable  settlement  where  supporting  areas  are  proportioned  in  the  ratio  of 

total  mean  loads 

Division  x 

Division  2 

Division  3 

Division  4  Division  5 

ftaMtoffbokinc 

Dead  loads 

only, 

lb 

probable 

loads, 

lb 

Areas, 

sqft 

Settlements 

Empty, 
in 

Loaded, 
in 

HenEsp^Iinft 

riboasiands 

ile3ns2.  3and  4 

24  000 
137500 

90000 
320000 

aoo40 
233500 
294000 
320000 

4.7 
51.9 
53.8 

897 

0.74 
0.66 

0.42 
0.89  . 

x.a6 
1. 12 
1.36 

0.89 

pii.iiuiii  variation,  cm 
mama  variation,  loa 

ipty 

0.47 

0.47 

ded 

TtbieNOoiamns  are  called  divisioas  to  avoid  confusion  with  building-colamnb. 


ion  of   Table  Vm.     The  areas  in  Table  VIII  are  obtained  as 

explained  and  as  given  in  division  11,  Table  V,  and  the  methods  used 

the  settlements  are  similar  to  those  used  for  the  preceding 

In  Table  VIII  it  will  be  noted  that  columns  2,  3  and  4  have  a  settle- 

1^36—  0^3  *  0.94  io,  as  a  result  of  the  addition  of  the  live  loads  and 

Half  of  this  aettkment  is  required  to  bring  these  footings  down  to 

tkvd  of  the  chimn^-footiog,  and  the  other  half  of  the  settlement  brings 
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them  bebw  the  chimncy-footiag.  Thei»  is  ao  way  t0  pceweo^  thif  «eU 
of  0.94  in,  but  its  efifect  on  the  building  is  reduced  to  a  nunimum  by  hav 
settlement  of  the  iootings  of  columns  2,  3  and  4  start  above  the  chimney- 
and  finish  below  it.  The  chimney-footing  does  not  change  its  elevatlo 
the  completion  of  the  building,  and  compared  with  it,  the  variation  in  1 
the  other  footings  is  the  minimum.  In  their  mean  position,  half-way  i 
movement,  these  other  footings  will  be  at  the  same  level  as  the  chimney-i 

16.  Deternuaiag  tilia  Sapportijig  Aims 

General  Requirements.  In  laying  out  the  areas  of  support  for  anj 
ture  it  should  be  borne  in  mind,  as  previously  explaiaed,  that  (i)  the  1 
the  dead  loads,  assumed  live  loads  and  assumed  wind-loads  should  not  I< 
foundation-bed  in  excess  of  the  allowable  load  on  it;  (2)  when  the  foun 
bed  is  compressible  the  areas  of  support  should  be  calculated  by  the  met 
mean  loads;  and  (3)  the  center  of  gravity  of  the  supporting  area  should  c 
with  the  center  of  action  of  the  load  to  be  supported.  To  these  may  be 
a  further  condition  that  (4)  economy  wilJ  be  furthered  by  keeping  the  si 
ing  areas  simple  in  outline  and  by  arranging  each  area  as  compactly  as  { 
around  the  center  of  the  load  to  be  supported. 

(i)  The  first  condition  is  necessary  in  order  to  provide  that  no  possib 
dition  of  loading  wiit  exceed  the  allowable  pressing  on  the  foundation-be 

(2)  The  second  condition  piovides  for  making  the  settlements  of  di 
footings  as  nearly  equal  as  possible. 

(3)  The  thinl  oondteiQa  poovides  tiuU  Che  ae«Jcaieiitfi  ef  eadi  fbotu 
be  uniform,  that  is,  that  the  footing  shall  not  settle  out  of  leveL 

(4)  The  fourth  condition  provides  for  economy  in  design  in  the  footio 
and  for  economy  in  making  the  excavation  for  the  footing,  especially  in  t: 
of  deep  excavations  requiring  sheathing  for  the  protection  of  their  sides. 

In  the  case  of  a  free-standing  structure,  the  total  load  of  which  is  not  in 
of  the  supporting  cai>acity  of  the  entire  area  of  the  building  at  the  sa 
load  on  the  foundation-bed,  it  will  generally  be  possible  to  arrange  simp 
porting  areas  whose  centers  wiU  correspond  with  the  centers  oi  the  hotuda 
disposition  of  such  aneas  is  considered  in  succeeding  paragraphs  in  the 
sions  of  Concentric  Loading.  In  buildings  having  restricted  sites, 
watts  or  columns  are  placed  close  to  adjoim'ng  property-lines,  it  will  frei 
be  impossible  to  arrange  for  simple  concentric  loadings  and  necessary 
offset  footings,  cantilevers  or  other  devices  to  transfer  the  loads  to  sup 
areas  located  on  the  property.  Such  supporting  areas  are  discussed  in  & 
ing  paragraphs  relating  to  Eccentric  Footings. 

Footings  with  a  Concentric  Load.  In  order  to  have  the  load 
foundation-bed  uniform  under  a  footing  it  is  necessary  that  the  cenier  c 
ity  of  the  supporting  area  should  coincide  with  the  center  of  gravity  of  tl 
otherwise  the  area  is  said  to  be  eccentrically  loaded  and  the  result! 
on  the  fotmdation-bed  will  not  be  uniform.  Any  variation  in  the  kmdi 
compressible  foundation-bed  under  a  footing  will  result  in  an  unequal  set 
of  the  footing  and  this  in  turn  will  result  in  unequal  stresses  in  the  ws 
column  supported  by  the  area. 

Wali-Footings  with  Concentric  Load.    In  the  case  of  a  wall, 
should  project  an  equal  distance  on  each  side  so  that  the  center  of 
the  supporting  area  will  coincide  with  the  center  of  gravity  of  the  wt 
the  loads  transmitted  by  the  wall.    The  width  of  the  supporting 
vary  with  the  load  on  the  wall,  irrespectively  of  any  chaage  in  the 
the  wall 
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tfw  m  Contmtiic  Itolated  Lm4.  In  the  caat  of  a  sImplb  cok* 
i4Ui\  aSk  ior  coample,  a  load  from  a  coLtnfii  or  Psem,  the  footing 
iiCBCtiiAB,  SQUAHS,  nxcrASGOJAM,  or  isKBGVLAK  ID  outUne,  but  the 
^dpsvitj  of  the  area  mnit  eoindde  with  the  center  of  gravity  of  the  load. 
maiy  the  cocclam.  shave  gives  the  most  economical  footing,  as  the 
Mbf  ireas  extend  radially  the  least  possible  distance  from  the  center  or 
'4  tk  load.  Where  deep  excavation  is  necessary  the  drcular  form  may 
ifedf  to  an  econamical  method  of  eacavation,  as,  for  example,  when  cylin* 
I  pea  are  sunk  by  the  pneumatic  method  or  by  dredging.    In  general, 

Eivoidinaiy  footings  the-KECtANOULAa  roRM  is  preferable,  in  that  it 
ti  to  as  eoonomical  axrangement  of  gnllage-beams.  The  squake  is 
^flOOBomical  rectangle  as  the  sum  of 
^nfzig  SMvements  in  the  grillage  and 
tasiiaDdnccd  to  a  minimum. 

imttd  Sopportiiif  Areas.    When  the 

JKfli  area  for  an  isolated  load  cannot  be 

r  1  crde  or  a  square,  for  example,  when 

«Be  or  the  drdc  would  overlap  ao  ad-   fj^.    3.     Elongated    Supporting 

V  pnperty-iiDe  or  interfere  with  an  ad-  Area.    ConoeDtric  Load 

H  SBpf»fting  area,    the   necessaiy  area 

fcaqjOtttiy  be  made  KECTANCULAa  in  form,  as  ABDC  (Fig.  3),  having  a 

ki;  twke  the  distance  a  between  the  center  of  the  load  O  and  the 

tmiaml  kngth  /  equals  the  required  area  divided  by  w  and  the  area 
H  be  oentoed  on  O,  that  is,  A  must  equal  ft. 

litmellena  of  Simple  Areas.  Two  Adjacent  Isolated  Areas.  When 
mg  scpporting  areas  overlap  or  when,  for  other  reasons^  it  is  desirable  to 
DK  ADJACSMT  FOOTINGS,  the  best  arrangement  may  be  obtained  as  follows: 
Bm  the  supporting  area  required  for  each  of  two  adjacent  concentrated 
land  the  distance  between  the  centers  of  the  loads,  the  sum  of  the  two 
idudd  be  divided  by  twice  the  distance  between  the  load-centers.  The 
et  win  be  the  width  or  the  dimension  of  the  required  rectangle  of  sup- 
<ika  at  ri^t-angles  to  the  line  connecting  the  load-centers;  and  the 
liBCQaon  of  the  rectangle  will  be  twice  the  distance  between  the  load- 
&  The  center  of  the  area  should  be  placed  so  as  to  coincide  with  the 
rof  gravity  of  the  two  loads,  when  it  will  be  found  that  each  load  will 
bcatiic  with  its  own  area  of  support.  Where  a  row  of  columns  requires 
sttdi  nearly  overlap,  the  coxbination  or  the  asjeas  frequently  results  in 
qrm  excavation  snd  form-work. 

gBTiiij  Are*  for  a  Concentrated  Load  in  the  Line  of  a  Wall. 
WBKc&e  concentrated  loads  are  carried  in  the  line  of  a  wall  the  ADnrnONAL 
nno  ASEAS  required  for  such  concentrated  load  may  be  provided  in 
«f  two  wajrs. 

H  the  concentrated  loads  rest  on  the  waD,  as,  for  example,  when  the  wall 
Ik  tbe  ends  of  girders  and  when  the  conditions  are  such  that  the  con- 
■rI  loads  are  distributed  along  given  lengths  of  it,  then,  all  that  is  neces- 
1 1»  incfcaae  the  width  of  the  footing  for  the  given  lengths  sufficiently  to 
klor  the  total  of  the  uniformly  distributed  and  concentrated  loads. 
9  a  coooentrated  load  is  on  the  center  Kne  of  the  wall  but  cannot  be  dis- 
Uhf  the  wall,  as  when  a  considerable  load  is  carried  by  a  pier  or  column 
IM  of  the  footings,  then  one-half  the  additional  area  for  the  concentrated 
bdd  he  placed  on  either  aide  of  the  wall-footing,  so  that  a  line  connectmg 
of  tbe  two  areas  will  pscs  through  the  center  of  the  load.    In  general 


les 
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Fig.  4.  Square  Supporting 
Area.  Wall  and  Concentric 
Isolated  Load 


h  is  desirable  that  the  additional  areas,  together  with  the  area  for  the  wa] 
between  them,  should  apfboxiuate  a  squake.    Knowfaig  the  width 
footing  required  to  support  the  wall  and  the  additional  area  required  to  i 

the  concentrated  load,  the  length  of  the  side 
required  square  can  be  detenniiied  by  the  fo] 
formula  (Fig.  4): 

Let  w  -•  the  widt!i  of  the  footing; 

A  ■•  the  area  reqiured  to  support  the  c 

trated  load; 
/« the  side  of  the  square  which  will  s 
a  length  of  wall  equal  to  /  as 
provide  an  additional  area  equa 
Then 

/  =  V3W  + V^  +%w* 
Supporting  Area  for  Concentrated  Load  not  in  the  Center  Litti 
Wall.  The  same  additional  supporting  area  is  required  for  this  as  for 
centrated  load  on  the  center  h'ne  of  a  wall,  but  the  total  area  must  be  ( 
unequally  between  the  two  sides  of  the  wall-footing, 
the  larger  portion  being  placed  on  the  side  of  the 
eccentric  load.  The  simplest  way  to  determine  the 
location  of  the  supporting  areas  for  this  combination 
is  to  determine  the  size  of  the  required  square  as  if 
the  concentrated  load  were  concentric  with  the  center 
line  of  the  wall.  The  next  step  is  to  calculate  the 
load  due  to  the  wall  for  the  length  of  this  square  and 
determine  the  location  of  the  center  of  gravity  of  the 
combined  loads,  that  is,  the  center  of  gravity  of  this 
urall-load  and  the  concentrated  load.  The  center  of  the  supporting  area 
placed  concentrically  with  the  center  of  gravity  of  the  combined  load 
Fig.  5  let 

w  =»  the  required  width  of  the  wall-footing; 
0  -  the  concentrated  load; 

4  —  the  area  required  for  the  support  of  the  concentrated  load, 
as  before,  the  length  of  the  side  of  the  required  square  wiD 

The  center  of  gravity  of  the  wall-load  conUuned  between  the  lines  A 
BC  is  at  g,  and  the  amount  of  the  load  is  evidently  the  load  per  foot  mn 

by  the  distance  AB^f.  Knowing  the  positi< 
amount  of  the  loads  at  O  and  g,  the  center  of  1 
of  the  combined  loads  is  determined,  say  at  (?• 
fjces  the  center  for  the  square. 

Supporting  Area  for  a  Concentrated  Lo 
the  End  of  a  Wall.     A  somewhat  different  tres 
is  required  for  this,  but  the  supporting  area  n 
_.     -     «  «  best  determined  as  follows   (Fig.  6):    Enowii 

^  fng  Area.'' MateT Cad"    '''^^}^  "^  of  the  footing  required  for  the  support 
on  End  of  Wall  vrzii,  the  additional  area  required  for  the  ooncaei 

load  O  and  the  distance  p  from  the  center  of  the  c 
trated  load  from  the  end  of  the  wall,  proceed  in  this  way.  Determine  the 
whose  area  corresponds  to  the  sum  of  the  areas  required  for  the  supf 
the  concentrated  load  and  for  a  length  of  wall  equal  to  twice  the  projection 
vail  beyond  the  center  of  the  concentrated  load.    Plot  this  square  ABCD 


Fig.  5.  Square  Sup 
Area.  Wall  and 
trie  Isolated  Load 
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fciw  |ihii  md  also  tLe  total  uea  required  for  the  support  of  the  waD. 
HV>KjlACi>iDchides*Darea  suffident  (or  Ibe  support  of  Ibe  conccDtnted 
taiifcraiettiooof  tbc  wall  £FCSconespoadJDg  to  a  length  of  wall  equzl 
■B  Ik  in>jcction  f,  multiptied  by  the  width  of  the  footing.  It  is  evident 
nkattiE£ffX  ii  lowleil  both  by  tbe  wall  uid  the  concentrated  load;  in 
■■onk.  tint  the  square  A  BCD  is  too  small  by  the  amount  oi  the  rectangle 
U.  The  nquirrd  squart  LMNO  wiU  be  aji^iroximately  the  square  which 
[MOia  Ibe  oricinal  area  ABCD  plus  the  area  KEER,  plus  twice  the  area 
tt.  The  ienph  of  the  side  LU  -  itS  will  be  appronmetely  the  length 
)■  ovaai  square  plus  one-hall  of  the  area  KEHR  divided  by  the  length 
bngiiis]  square.  The  resulting  square  should  be  moved  from  [he  po<i- 
I  Aown  oa  the  drawing  so  that  its  center  coincids  with  the  center  ol 
*)  of  the  comt^ned  concentrated  load  and  the  wall-load  back  as  far  as  the 
■  gm  DO  the  wall.  A  funbei  ipproxunation  may  be  necessary  wheie 
HQ  B  lequired.  The  final  result  sixiuld  be  that  the  area  of  the  square 
Ksbidd  be  suffident  to  suM>oit  tbe  concentrated  load  O  and  that  portion 
btoUead  JFGQ  resting  on  Ihe  square,  and  Ihat  the  center  of  gravity  of 
^taredMNild  coioddc  with  the  cenlec  of  gravity  of  tbe  combined  loads. 

17.  OB»t  Footlngi  \^ 

IVWtiac  Areaa  for  Hon-CoBseiUiic  Load*.  When  walls,  columns,  or 
>tR  pkccd  close  to  property-iiDCS  the  required  supporting  areas  cannot 
fated  loacentiically  with  tbe  loads  witbouC  i 

htiing  the  property-lines.     In  such  cases  '| 

■K  misl  be  had  to  some  tnetbod  which  will 
fc  tlK  loads  CO  supfwrting  areas  not  con- 
rkntliibeluads.  An  attempt  to aixompUsb 
ndttlv  method  known  as  orFSEiTiNG  THE 
Be  has  been  largely  vised,  especially  lor  ^de 
1  k^imng  properly- lines.  While  tbeoreti- 
ifcA]',  if  not  useless,  it  IS  indisputable  that 
tt  foomcs  have  geoenlly  served  tbe  pur- 
faabich  they  wae  designed.  In  tbe  typical 
kmiDa  a  cellar  wall  rests  on  a  course  ol  con-  " 
-  V  of  Aat  stofies  forming  a  fooling  course 
■koUy  widet  than  tbe  wall,  the  projection 
I  tsliiriy  on  one  side  of  the  wall.  Tbe  load  — 
t  oa  one  ade  of  the  center  of  the  fooling 

I  Ac  npporting  area  unequally.  The  vary-  Fig.  T.  OHsel  pooliog.  Vaiy- 
nuonibe  supporting  area  can  be  calculated  ine  Pressure  on  Foundaiioo- 
bn:  Id  Fig.  7  let  l«d 

F  •  tbe  total  load  per  unit  of  length  coming  on  the  supporting  area; 
r-  the  rccentrjdty  of  load,  that  is,  the  distance  between  the  center  of 

Ibe  load  and  Ibe  center  of  the  supporting  area; 
t'tbe  width  of  the  footing  >  the  width  ol  Ihe  supporting  area-  AB; 
Ci>  ibe  unit  load,  or  pressure  on  Ihe  (oundadon-bed  at  A,  Ihe  edge  of 

the  fooling  nearest  the  load; 
Ii*  tbe  unit  load,  or  pressure  on  tbe  fouodatioD-bed  at  B,  the  edge  of 

tbe  footing  farthest  from  the  load; 
J- any  ordinate,  from  A  to  B. 
Llk  AvnacE  PXESSCRE  on  the  foundation-bed  will  evidently  be  W/L. 
9mat  atJ,  the  edge  neatest  to  the  poiot  of  aK>licatioD  of  tbe  kiad,  will 


ISft 


Fomdfttloai 


T 


he  Ktm  W/L  (z  -f  6  U/L),  or  the  uaxxuuu  load  will  equal  the  avers 
plus  six  times  the  average  load  multiplied  by  the  ratio  of  the  bockii 
divided  by  the  vridth  of  the  footing. 

Similarly,  the  pressure  at  B^  the  edge  farthest  from  the  point  of  app 
of  the  bad*  will  be  ^s  «  IV/L  (i  ->  6  U/L),  or  the  lONUcmc  load  eqi 
avera^  load  minus  six  times  the  average  load  miiitiplied  by  the  ratic 
eccentricity  divided  by  the  width  of  the  footing. 

When  the  eccentricity  equals  Vi  the  width,  the  pressure  at  B  becom 
If  the  eccentricity  exceeds  H  the  width  there  will  be  an  uplift  at  B,  or  tl 
ing  will  have  a  tendency  to  overturn.    This  relation  is  generally  ezpre 

sa3ang  that  to  avoid  an  upward  reaction  thi 
line  of  the  load  must  fall  within  the  lUDOU 
of  the  base. 

Load-Diagrams  for  Oifaet  Pootinca.    II 

diagram  (Fig.  8)  the  figure  A  DEC  represei 
load-diagram  on  the  foundation-bed  for  a  v 
footing  AD  and  the  load  AC  'u  the  maximc 
missible  load,  then  the  area  A  DEC  lepiese 
Fig.  8.  Pressure-diagrams  maximum  support  afforded  by  the  footing  j 
for  Footings  the  width  is  increased  until  the  load  falls  on  t 

of  the  middle  third  or  to  the  width  AB,  tl 
load  at  B  is  zero  and  the  support  is  represented  by  the  triangle  Ai 
area  of  which  is  less  than  the  area  A  DEC.  Moreover,  if  the  w 
the  footing  is  reduced  until  its  center  is  concentric  with  the  load-cent^ 
the  load-diagram  becomes  AFGC,  the  area  of  which  is  greats  than  citb 
or  A  DEC.  From  the  foregoing  it  is  evident  that  any  advantage  gd 
offsetting  the  footing  must  be  obtained  at  the  cost  of  concentrating  the  i 
given  to  the  wall  away  from  the  center  line  of  the  wall. 


Jb 


n 


B 


i 


n 


I 


it 


E         G       F 

Fig.  9  Fig.  10  Fig.  11  Fig. 

Figs.  9,  10  and  11.    Eccentric  Loading  and  Tendencies  to  Failure  Dae  to  01 
Footings;  Fig.  12.    Impioved  Type  of  Construction 

Eccentric  Loading  Due  to  Offset  Footings.  In  Fig.  9,  cepreM 
simple  case  of  eccentric  loading  due  to  offset  footings,  the  load^ 
foundation-bed  at  E  is  perhaps  twice  the  average  load  and  at  P  nbai 
Under  these  oonditioos  the  projecting  portion  of  the  footing  may  shear,^ 
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li  iJoRS  tfe  fine  DG.  If  it  ^ees  not  sheur  and  if  there  Is  any  Mtdanent 
kto  the  load,  the  settJement  will  be  unequal  and  the  footing  course  will  tend 
isaie  ioto  Che  position  shown  in  Fi^.  10.  The  entire  load  will  then  be  trans* 
Ibd  tkroq^  the  inner  lower  •comer  Z>  ol  the  cellar  waU,  nendoing  the  wall 
riibcajid  devdoptng  a  tendency  to  move  in  the  direction  H. 
He  cdkr  wail  may  successfully  resist  this  tendency  by  its  own  rigidity 
■iel  bf  the  first-floor  beams  acting  as  ties  or  by  the  external  resistance 
Ued  bf  an  abutting  wall  or  bank  of  earth,  or  it  may  partially  or  completely 
idhtkipaig  a  horizontal  crack  as  indicated  in  Fig.  11  at  /. 
htJhb  ^une  it  will  be  noted  that  the  base  of  the  wall  itsdf  is  offset.  This 
ikBc  to  pre\icnt  the  separate  rotation  of  the  footing  course;  but  tfads  con- 
ptoia  docs  not  dinoinlsh  the  tendency  to  rotation  of  the  entire  base  of 
(«tl  aad  to  the  formation  of  a  crack  at  /. 

!■  iapfDved  type  of  construction  is  illustrated  in  Fig.  12,  in  which  the  floor- 
as  are  anchozied  into  the  wall  and  the  cellar  wall  has  a  continuous  stepped 
ier  from  the  le\'el  of  the  footing  up  to  the  level  of  the  beams.  The  beams 
tdd  evidentiy  be  arranged  as  tenaon-members,  should  run  across  the  build- 
lad  shcHiid  be  anchored  in  the  opposite  wall.  While  this  method  may  have 
Be  effect  it  is  of  doubtful  efficacy  and  shoirid  never  be  used  lor  pian. 

18.  Th«  Use  of  CantUeven  in  Foundations* 

l||iali«i  of  til*  Pdndple  of  the  Lever.  The  use  of  the  cantilever, 
hiafiiiiiiit,  a  load  to  a  supporting  area  not  concentric  with  the  load,  is  based 
m  :he  rdiciple  of  the  lever  and  involves  a  girder  or  cantilever  connecting 
(tao  loads,  and  a  supporting  area  or  areas  the  center  of  action  of  which 
(ktweai  the  two  loads.  Part  or  all  of  the  load  on  one  side  counterbalances 
(had  on  the  other  side  of  the  center  of  the  supporting  area. 

hrindfc  Xxample.  If  an  exterior  column  A  (Fig.  13)  canying  a  load  of 
iloasaad  requiring  loo  sq  ft  of  supporting  area,  at  4  tons  per  sq  ft,  the  column- 
ftr  bong  18  in  from  a  property-line  PP  which  forms  the  limit  of  the  building 
Cit  is  evidently  impractiod  to  employ  a  concentric  footing  3  by  33H  ft  for 
STport  If,  however,  a  sufficient  counterweight  can  be  found  in  the  shape 
in  adjacent  interior  oolumn-bad,  as  at  B,  the  exterior  load  can  be  trans- 
fed  br  a  gilder  or  cantilever  construction  CDEF  to  a  supporting  area  J/iV 
V  between  the  two  loads,  and  entirely  within  the  limits  of  the  property. 
=  F^  13  let  PP  represent  the  property-line,  A  the  center  of  the  load  on 
^  A,  aad  B  the  center  of  the  load  on  column  B.  Let  the  load  on  ^4  be 
<loas;  on  B,  200  tons  and  the 'distance  AB  between  centers,  20  ft.  Assume 
t  a  Dgid  girder  CDEP  supports  and  connects  the  two  columns.  If  now  a 
acii  or  point  of  support  G  is  provided  for  the  girder  at  some  point  between 
iod  £,  the  load  on  that  point  can  be  readily  determined  from  the  principle 
SE  iev-er  by  multipbang  the  load  on  A,  400  tons,  by  the  distance  ^4^, 
K  2od  ifivkfing  the  product  by  the  distance  BG^  19  ft;  or,  the  load  on 
>|Q0X  3o/i9  *■  421  tons-f .  The  area  required  for  the  support  of  this  bad, 
(tons  per  sq  ft,  is  42T/4  -  losM  sq  ft.  The  uplift  at  B,  or  the  part  of  the 
\B  miiared  to  counterbalance  the  overhanging  load  A  is,  from  the  principle 
he  lever,  the  product  of  the  load  A  by  the  lever-arm  AG  divided  by  the  lever- 
\K.  The  load  on  the  foothtg  for  B  is  the  difference  between  the  original 
\uA  the  uplift;  but  in  view  of  the  possibility  of  a  reduction  in  the  load  A, 
A  wtmiA  decrease  the  upGft  at  B,  it  is  well  to  provide  for  a  possible  increase 
kkndB. 

hi.aho«  Chapter  XIX,  pages  678  to  680,  for  an  example  of  a  Continuous  Girder  in 


Determiiiatioa  of  th«  Area  of  Sa^ort  In  deUnnining  the  ab 
BTFPOET  for  A,  having  utumed  one  ditncDsioa  of  the  supporting  area 
twice  the  distance  GP,  or  say  5  't,  the  other  dimension  mill  be  105M  sq  ft/ 
ttaia.    If  the  leogth  31  ft  M  in,  u  detetmiaed,  is  found  to  be  eiceauv 


;..I3.    Cutilcvcr  Foui 


the  paint  C  must  be  moved  to  the  left  and  tlic  corresponding  leneth  of  - 
parting  area  must  be  determined  as  before.  When  the  length  of  Ihc  suj 
area  for  the  fulcrum  of  the  cantilever  is  limited,  so  lliat  the  lensth  pa 
the  property-line  is  £xed.  the  width  of  the  area  can  be  determined  expeiii 
or  by  the  use  of  the  formula 


In  which 

£  n  the  distance  between  centers  of  the  two  loads; 
IP  —  the  load  nearest  to  the  property-line; 
I  —  the  length  of  the  supporting  area; 
5  -  the  unit  load  on  the  supporting  area;  and 
M  -•  the  distance  between  the  center  of  action  of  the  load  to  b=  can 
and  the  edge  of  (he  supportinlt  area  nearest  to  the  prop^ 
If  the  position  of  the  center  of  gravity  of  the  load  A  combined  w 
part  of  the  load  on  B  which  is  borne  by  the  cantilever  is  determined,  j 
(ounrt  to  coincide  with  the  fulcrum  or  point  of  support  C  of  the  cantilc 
demonstrating  thai  the  use  of  the  cantilever  provides  a  means   of  o. 
two  Inads  so  (hat  their  center  of  gravity  falls  on  the  center  of  a  suppor 
not  concentric  with  cither  load. 

The  Grillaga  Fulcrum.  Of  course  in  practice  the  KN-iFE-Kr>GE 
shown  in  the  diagram  is  not  used  The  bottom  Hange  of  the  Kifdet 
the  cantilever  rests  on  tfiePiSTurBinrMGORiiXACE  directly,  as  is  shown  ii 
which  may  be  considered  a  typical  arraneement. 

Tha  Girdering-Mattaod  tor  Two  Equal  LMd*.  When  it  is  da 
■upport  two  or  more  adjacent  concentrated  loads  on  a  single  suppor 
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kHbod  oiled  cnu>BKfHC  is  anploycd.  la  the  cue  of  two  coneentnted 
^laitaiB  (Fig.  Ifi)  reimseat  two  column).  Let  IVi  repcewDt  tbe  laid 
J  ui  Vi  rFpnHnt  the  load  on  B.  Ltt  D  rcpreKOt  the  distUKC  betnea 
dentin  of  tbe  two  loads.  Let  G  Tei:raeDt  the  center  of  gnvity  of  tbe  ciun- 
*i  loadi.  Let  r  i^ircKnt  tbe  allowable  unit  kNul  on  the  foundation-bed. 
r  nrjiind  uea  of  Mippoit  will  be  (Ifi  +  Wi)/r.    Thi»  wm  may  be  of  any 
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tlM  dkunce  D  between  the  cotnmDi  ptni  twice  tbe  exteaaoa  •.    Knowfa^ 
lenctb  ef  tbe  reqaired  un  the  width  w  ii  detcnslDed  by  limple  dlviiioii, 

Tb«  GM«r{BE-II«tbod  tor  Two  Unsqaa)  Loads.  In  ibe  rue  of  coll 
rot  Htuilly  loadett,  tbe  snrrosTmo  Aweit  m»y  be  ■  nATEzom,  b  In  F^ 
d>e  ccDtef  of  gravity  (>[  wbich  must  coincide  with  tbe  center  of  gravity  « 
kwds.    Knowing  the  mat  nni  distance  iipart  of  tbe  load*  and  tbe  atea  (or 
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ttc.  I.V    Ginleriiif-metbod  o(  Fouaditiont.    Two  Eqoa]  Loadl 

■nppon.  and  fixing  tbe  total  lengtli  L  of  the  (ootini!  in  accordance  iwi 
requiiemenls  that  the  footing  shall  not  project  beyond  tbe  line  PP.  the 
of  the  fooling  at  the  small  and  large  end,  a  and  h  respectively,  can  be  dctEi 
i(  falbws:  Let  B  represent  the  distance  from  the  small  end  of  the  tra 
to  the  center  oi  gravity  ci  the  two  loads  and  let  A  represent  tbe  area 
trapeiold.    Then 

t.  \2A/L\  X  \(iB/L)-,] 
tt-UA/LiX  \i-lsB/L)\ 
A-U<i  +  t)/>\xL    and    a  +  b~3A/L 
For  practical  reasons  tbe  distance  d  sbsuld  be  made  as  small  as  possib] 
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Mwwttg  aa  Sztariw  ValL  In  tbe  oat  of  >  trail  tbe  ume  prindpta 
4,  but  the  caiUileveriDe  (Sect  mtut  ba  dubibulcd  alons  Che  length  of  the 
1  Tin  au>  be  iccoiciplUhed  b7  jitdng  k  girda  uniler  the  wall,  the  girder 
n  nviiiK  on  tlie  cantilcw,  or  by  ituoc  a  niimbet  of  cuitileven  uniigcd 
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r«.  It.    Ginl«iB(-aictb«]  of  FoDDdaCiou.    Two  Unequal  Loids 

ir  load-center.    In  narrow  buildingl 


U.  Streciea  In  Footing  Courses 
^Ml  Farm  of  Pooting  Course*.  Th;  footing  coursn  of  all  watl'^  and 
■  a«4i  be  larger  than  the  auperiniposed' coaslructioa  ia  order  to  secure 
■Wi  u;\i!isT  OVEITVRNING  and  to  reduce  the  vxn  load  on  the  foundi- 
J^  When  the  change  in  size  is  accomplished  abruptly  a  when  a  wall 
P»  1  grbge  oc  K  lUb  of  plain  or  leioforced  concrete  the  footing  is  called 
IMu  nmmtc.    Wboi  the  bue  of  the  wall  ii  tluckened  by  means  of  ofiset 
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courses  so  that  its  bottom  course  is  substantially  as  large  as  the  footing 
the  construction  is  known  as  a  stepped  footing.  It  is  evident  that  z 
and  fast  line  can  be  drawn  between  the  two  classes.  Whatever  the  iorm 
footing  is  it  must  be  strong  enough  to  distribute  the  more  or  less  conco 
load  coming  on  it»  into  a  uniform  pressure  or  load  on  the  foundation-bed 

The  Unit  Loads  of  Footing  Courses.    If  the  load  on  the  upper 
of  a  footing  course  is  uniformly  distributed  the  intensity  of  the  load,  or  i 
words  the  unit  load  on  the  footing,  is  obtained  by  dividing  the  total  1 
the  area  of  the  base  of  the  wall,  pier,  or  other  construction  at  that  level 
load  on  the  foundation-bed  shoidd  be  uniformly  distributeu)  and  in 
the  foundation-bed  is  compressible  and  the  load  concentric  with  the  sup] 
area,  it  may  safely  be  assumed  as  uniform,  since  a  compressible  mater 
adjust  itself  until  the  loading  at  different  points  is  substantially  uniform 
unit  load  on  the  foundation-bed  is  evidently  the  total  load  divided  by  ti 
porting  area.    If  the  area  of  the  footing  course  varies  between  the  top  ai 
tom  of  the  footing  the  intensity  of  the  load  will  vary,  and  if  uniformly  distK 
the  unit  load  at  any  level  is  obtained  by  dividing  the  total  load  by  the 
the  footing  at  that  level. 

The  Weight  of  the  Footing  Itself.    This  is  generally  so  small  wfae 
pared  with  the  superimposed  loads  that  it  may  be  ignored  without  seriou 

The  Transmitting  of  Loads  by  Footings.  If  we  neglect  the  we 
the  footing  we  can  consider  the  footing  course  as  transmitting  the  imfmsi 
to  the  foundation-bed  or  as  being  subject  to  two  equal  loads;  one,  the 
IMFOSED  LOAD,  more  or  less  concentrated  on  the  center  line  of  the  foot! 
acting  downward;  the  other,  the  keaction  due  to  the  loading  of  the  foun 
bed,  uniformly  distributed  over  the  supporting  area  and  acting  upward, 
loads  or  forces  being  equal  and  opposite  in  direction,  the  stresses  devek 
the  footings  are  due  to  the  differences  in  the  distribution  of  these  loa< 
the  footing  courses  simply  act  to  convert  concentrated  into  distributed  1 

Maimer  of  Failure  of  Footings.    A  footii 

fail  in  several  ways:  (i)  by  shearing;  (2)  bj 
crushing;  (3)  by  spreading;  and  (4)  by  bj 
or  rupture. 

B        (i)  Failure  of  Footings  by  Shearing.    ' 

illustrated  in  Fig.  17,  showing  a  wall  the  we 
which  has  caused  it  to  shear  along  the  Ur 
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Q  ^  D     and  FH. 

Fig  17.    Failure  of  Footing       '^^^  ^°^^  tending  to  cause  shear  is  the  weig 
by  Shearing  ^^  ^^^  ^^  ^^^  ^^^  reaction  of  the  foundation-b 

ing  on  the  under  side  of  the  section  EFGH.     SI 
load  is  supposed  to  be  uniformly  distributed  this  is  equivalent  to  the  F 
of  the  area  corresponding  to  the  width  CD  minus  the  width  GH  times  the 
of  the  wall  considered,  by  the  unit  loading  on  the  foundation-bed. 
For  a  I -ft  length  of  wall  the  force  causing  shear,  5,  is 

S=W{l''w)/l 

in  which  W  »  the  load  due  to  wall  per  foot  of  length  in  pounds; 
/  «  the  width  of  footing; 
w  >  the  width  of  base  of  wall. 

Or,  since 

W/l "-  C/  »  the  unit  load  on  the  foundation-bed  in  pounds  per  squu 
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krshi  teniis  of  feet,  land  viliomust  be  la  Ittt.  The  i«sistaiKe  to  iketr, 
Ldtr  the  coaditknB  illustnted  ia  Fig.  17,  taken  for  s  i-ft  length  t  ol  the 
|L  a  dHtJBined  by  the  cqu&tian 

R-2XdxliXj 
pMi  /  •  the  safe  nsistance  of  the  m&terial  to  shear,  in  pouodi  pa 

i  aquare  iach; 

I  d  —  tbB  depth  oi  the  fcwtiag  ia  inches;  and 

I  i  •  the  leogth  of  wall  coniidered  —  ii  la. 

|>(  5- £,  we  have 

adbf-Vil-a) 
|^a(l->)/j-  the  ptoiectiaa  of  the  footing 
>.-  -   .  UP-udJ 

■A^  of  the  Eootiiig,  thcnfore,  must  not  be  leu  than 

i~  UPhif 
riickf  tsinbet-  ^  _ji-1 

at,  Failhu  by  sbeai  is  most  Elcely 
■  [ootmti  tor  pun  and  ODhimns.  The  fOitCE  temdino  lo  CAcae 
'■  a  the  IMal  kiad  on  tbe  coliunn  or  pier  less  the  reactioa  of  the  foimdatioa- 
ly  under  the  column-base.  Tbe  resistance  offered  is 
si  bf  multiplying  the  perimeter  of  the  column-base  by  Che  depth  of  tbe 
■(  ud  by  tbe  aflowable  unit  shear.  Wlien  the  area  of  the  columu-base 
~  e  load  may  l>e  taken  as  producing  shear.  When  reinforced 
to  a  ised  lot  the  fooling,  there  must  be  a  suffidenl  number  of  stirrups  to 
n  of  tbe  shear.  (See  Chapters  XXIV  and  XXV.)  Where  steel  beams 
ion  of  the  beams  must  be  sulfident  to  lake  careof 
r,  otherwise  ad<^tional  web-plates  should  be  added,  as  ia  eiipl^ued  in 
a  XV  and  XX. 

Fdare  of  Footlnca  by  Direct  Cniahing.    Tbe  failure  of  footings 
act  cxusHiHC  of  the  materials  composing  the  footings  rarely,  if  ever, 
Klien.  bowever,  the  concentrated  load,  due  to  a  [Her  or  column,  is 
by  beams  m  girders  which  have  thin  webs,  the  webs  may  (ail  by 
Sniii  beams  ot  gird- 


'4*Ds  between  the  beams 

Ntn  should  be  filled  with 

hrte  or  grout.     Where  the 

Itasmiltrd  by  the  column- 

knonti  the  safe  unit  load 

At  material  of  the  looting 

■n  of  ihe  cohiron-base  may 

•OEisl.  or  a  block  of  granite 

F  br  bterposed   between  the 

Nat  or  masonry  footing  and 

Ikwof   the    cohimns.     Id  fj^.  jg.    Paflure  of  Footing  by  Spreadiog 

|(ac,  bowievcr,  such  giamte 

b  ibnU  be  considered  as  a  footing  course  and  designed  to  resist  bend- 

m  tatmuUs  hereinafter  given. 

I  Tdnre  of  Footings  by  Spreading.     Failure  of  the  footings  by  spread- 

■^  occur  under  walls  or  piers,  as  shown  in  Fig.  IS,  especially  when  the 


vn 
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fauBdation-bed  is  of  day  or  other  yielding  material,  which  has,  under  tb 
o£  the  fiooting,  a  tendency  to  flow  along  the  Hnes  indicated  by  anows  J 
&gure.  This  tendency  should  be  provided  against  by  making  the  bottom 
continuous  and  adequate  to  resist  the  tension.  Vertical  joints,  such  i 
made  in  footings  composed  of  masonry,  are  sources  of  weakness,  and  shoi 
avoided.  The  tendency  to  spread  is  greatest  in  footings  having  a  spread 
is  wide  compared  with  the  width  of  the  superimposed  wail  or  other  constni 
The  writer  knows  of  at  least  one  important  footing  which  has  £ailed  in  thii 
the  cracks  in  general  following  the  joints  of  the  masonry  substantially  as  f 
in  Fig.  18. 

(4)  Failure  of  Footings  by  Bending  or  Rupture.  A  footing  may  £ 
BENDING  or  RUPTUEE  as  a  beam  or  girder.  In  the  case  of  a  wall,  if  the 
ing  bends,  as  shown  in  Fig.  10,  the  concentration  of  the  load  on  the  lower 


Fig.  19 


Fig.  21 


Figs.  19, 20  and  Sl«     Failures  of  Footing  by  Bending 

of  the  wall,  as  at  £  and  F  may  cause  the  base  of  the  wall  to  fail.  This  poss 
should  be  borne  in  mind  in  designing  footings  where  the  load  on  the  wa 
proacbes  the  allowable  unit  load  for  the  material  composing  it,  and  esp* 
where  the  width  of  the  footing  is  much  greater  than  its  own  width.  ] 
footing  fails  by  ruptuee  the  rupture  may  occur  either  imder  the  center  ] 
the  wall,  as  in  Fig.  20,  or  at  ix)ints  close  to  the  outer  edge  of  the  wall 
Fig.  21.  Fig.  20  illustrates  the  objection  to  using  a  footing  course  com 
of  masonry  or  stones  which  do  not  extend  the  full  width  of  the  footing, 
joints  in  such  construction  prevent  the  footing  course  from  acting  in  tb. 
and  the  footing  as  a  whole  from  acting  as  a  beam. 

29.   Methods  of  Calculating  Bending-Stresses  in  Wall-Footin; 

Assumptions  Made  in  Determining  Bending-Stresses  in  Foo! 

Two  methods  for  the  calculation  of  the  bek 
stresses  in  footing  courses  are  in  genera 
Both  are  based  upon  the  assumption  tha 
REACTION  of  the  foundation-bed  is  iTNifORif 
the  methods  differ  in  the  assiunption  made 
how  the  footing  course  and  the  base  of  the  i 
structure  act.  Neither  assumption  can  be  hi 
be  wholly  correct. 

The  First  Method  of  Determining  Ben 
Stresses  in  Footings.  This  method  is  baaed 
the  assumption  that  the  pressure  of  the  wall  c 
footing  is  uniform  over  the  area  and  remains  so 
times. 

If,  in  Fig.  22,  A  BCD  represents  a  footing  course  supporting  a  centrally  U 
yai\EFGH,»ndii 
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Fig.  22.  Bending-stresses  in 
Footings.     Fint  Method 
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I      W»  die  load  of  the  wall  in  poonds  per  llnesir  foot; 
r-  tke  width  of  the  wall  in  feet; 

f        i-  the  width  of  the  footing  in  feet; 

iii»-*) "  the  pffojectioD  AE  or  FB, 

R*;/-  U  «*  the  unit  load  per  square  foot  on  the  foundation-bed. 


the  forces  acting  on  the  right  of  the  center  line  of  the  wall  for  a 
Isitfa  of  wall,  it  is  evident  that  the  uplift  on  the  half-footing  OD  will  equal 
'ad  t^t  its  CENTER  OF  ACTION  wlU  He  half-way  between  O  and  D,  or  at  a 
pB  ?« I  from  the  center  line  00;  and,  similarly,  that  the  load  due  to  ond' 
it  vbO  irin  be  f  i  U"  and  that  its  center  of  action  will  be  at  a  ^stance 
bn  tie  center  line  CO.    The  resulting  moments  will  be 

m  tee  two  moitiento  act  in  opposite  directions,  the  leaultant  xaoraent 
ill  toimdbce  bending  in  the  footing  will  be  the  difiereuce  between  the  two» 
kbnifig  moment  at  the  center  line  OO  is 

ma 

W;l^U     and    Vi  (/ *•  w)  »  P»  the  projectioa, 

jlicB  (i)  may  be  written  in  dther  of  the  forms 

k  knc  iBfvlred  in  this  first  method  Is  due  to  the  assumption  that  the 

itt  oa  the  upper  surface  of  the  footing  remains  tiNiFosirLy  distkibuted, 

pt  base  of  the  wall  acted  as  a  FLcm,  In  which  case  the  dbtrfbution  of  the 

loeid  remain  constant  and  the  formula  would  be  correct.    But  the  base 

tvaO  b  not  a  fluid,  but  a  solid  which  will  resist  dEfoemation.    If,  as  in 

IS,  the  footing  course  A  BCD  deflects  and  the  base  of  the  wall  is  assumed 

K  ■ooBpresaEbler  the  entire  load  of  the  wall  will  be  communicated  to  the 

i|  tfannsh  the  edges  E  and  F.    While  soch  a  concentration  is,  of  course, 

■Ut  (is  the  edges  E  and  F  will  crush  or  com- 

iKtil  a  considerable  area  of  the  base  of  the  I 

■  k  contact  with  the  footing)  the  result  is  that 

w^  of  the  wall  is  concentrated  near  the  outer 

id  iti  base.    Equation  (i)  gives  results  which 

to  hz^;  but  as  it  errs  on  the  side  of  safety,  it 

jpHBHSKkd  for  general  use. 

Ii  Bccead  Method  of  Betermfadng  Bending 

ia  Footings,  also  in  common  use,  takes  !      .U-^ 

deiauott  only  the  projecting  portion  of  the  0 

Hifaflows:  Fig  23.  Bending-stresses  In 

Kg.  23  ACBD  represents  a  footing  course     footings.  Second  Method 

a  centrally  located  wall  EFGff,  and  if 
tie  notation  of  the  preceding  method,  then,  if  we  assume  that  the 
racti  as  a  fixed  beak  and  the  pcojections  AE  and  FB  as  CANTiLEVEaa 
(■ppsted  by  the  wall,  and  denote  the  pto^edUm  of  the  footing  on  eithcc 
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side  of  the  wall  by  P,  the  reaction  of  the  foundation-bed  on  this  pec 
portion  P,  per  unit  length  of  wall,  will  be  PU,  The  center  ot  action 
force  will  be  at  a  distance  H  P  from  E  ov  F  and  its  moment  at  £  or  F 

M'PUx^iP'HUP* 
or,  since 

P'-HQ-w) 

the  value  of  M  may  be  given  in  the  form 

The  Error  Involved  in  this  second  method  is  due  to  the  assumption  ti 
uplift  on  the  projection  P  can  be  resbted  by  the  extreme  outer  cd^  of  t 
of  the  wall.  If  the  uplift  on  the  projecting  part  is  concentrated  on  th 
then  the  edge  must  either  compress  or  fail  by  crushing,  which,  m  eiUu 
would  throw  the  center  of  support  for  the  cantilever  back  from  the  edge 
wall;  and  this  is  contrary  to  the  assumption  used  in  calculating  the  n 
This  method  takes  into  consideration  only  the  intensity  of  the  reaction  o 
and  the  length  of  the  projection,  and  is  known  as  the  projection-bcetho: 

Comparison  of  Results.  Comparing  the  results  of  the  two  methods^ 
be  seen  that  the  load  cannot  act  at  the  two  edges  E  and  F  as  assumed  in 
tion  (2),  nor  ordinarily  can  it  be  uniformly  distributed  as  assumed  in  £< 
(i),  but  that  the  intensity  of  the  load  per  unit  of  area  will  vary,  1 
MINIMUM  at  the  center  and  a  maximum  near  the  edges  of  the  baae  of  tl 
The  exact  positions  of  the  centers  of  action  are  affected  by  various  oc 
ations  which  cannot  be  fully  discussed  in  this  chapter. 

New  Formula  for  Determining  ^Bending  Moments  in  Footings 

writer  has  devised  a  formula  which  gives  values  for  the  bending  mom 
half-way  between  the  values  given  by  Equations  (i)  and  (2),  and  which 
corresponds  to  the  assumption  that,  considering  the  forces  on  either  side 
center  of  the  wall,  the  center  of  action  of  the  half-load  of  the  wall  is 
center  of  the  half-wall,  when  the  projection  equals  zero,  and,  as  the  pro 
increases,  moves  toward  a  position  which  is  two-thirds  of  the  distance  fi> 
center  of  the  wall  to  its  edge.    This  formula  may  be  expressed  as  follows: 

lf-HC/(/-w)(/-Hw) 

Or,  substituting  the  value  of  U  in  terms  of  W, 

Jf-HW(/-w)(i-tr/2/) 

Weight  and  Pressure-Units.  In  practice  PT,  the  weight  due  to  the  1 
generally  given  in  pounds  per  linear  foot  of  wall,  and  the  allowable  press 
the  foundation-bed,  while  frequently  given  in  tons  per  square  foot,  she 
reduced  to  pounds  per  square  foot. 

The  Required  Width  of  the  Footing  in  feet  is  obtained  by  dividing  the 
of  the  wall  in  pounds  per  linear  foot  of  wall  by  the  allowable  unit  load 
foundation-bed  expressed  in  pounds  per  square  foot. 

Moment-Units.  The  moment  tending  to  produce  rupture  may  be  cal< 
in  foot-pounds  or  inch-pounds.  If  in  Equations  (i),  (2)  and  (3)  the  dimi 
/,  w  and  P  are  in  feet  and  U  is  in  pounds  per  square  foot,  the  resulting  b 
moment  will  be  in  foot-pounds  per  linear  foot  of  wall.  As  the  moment  op  1 
ance  is  generally  stated  in  inch-pounds  it  is  more  convenient  to  have  tb 
imum  bending  moment  or  moment  of  rupture  *  in  inch-pounds.  Th 
Equation  (i) 

*  In  the  flexure-formula  the  moment  of  resistance  is  made  equal  to  the  I 
moment  at  any  cross-section  of  the  footing,  and  the  maximum  bending  mm 
sometimes  called  the  moment  of  rupture. 
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p     M  Qb  inch-pounds  per  lool  ol  mil}  —  i3  if  In  foot-poundi, 

I  MCia  iacb-poandi)-HU(i-viil  (i)' 

^HB  ())  ID  the  umc  way  betoinei 

U  CiB incb-pouDds) -HVIZ-wy  .  (})' 

mt  Hk  man  convcnieDt  form, 

il-HVP' 
Mta  tbt  pnijectioD  P  In  inches  iiutead  ol  in  feet.  We  irill  htve 

U  (in  inch-poundi  pet  foot  ol  WlU)  -  H«  I//^ 
kSf .  IiiuatioD  (j)  becomes 

if  ru  Loth-pounds  per  foot  rf  wall)  -  M  P  ('-  tf)  (I  -  M»).  '  tj)* 

ri  Eijiatiiins  (3)  or  Ql' are  more  genenllyiccepted,  anenpneeror  designer 
nidoitidam  and  be  perfectly  sale  in  luing  Equation  (1),  and  la  the  follon- 
l^lbcuntti  will  use  Equaticos  (i)  or  (i}'  imlesa  (he  contrary  is  sUted. 


T1|.  :4.    Graphical  Compariioa  of  Bendiiig  MomcDti  in  Foolinfi 

pi^  The  (oOowing  ii  an  example  iUusirating  the  application  of  Ifae 
^  bniolu: 

1^  nD  transDiils  lo  the  footing  43  000  lb  per  linear  foot  of  wall.  The 
|il(  snil  load  on  the  foiUKJation-bcd  is  j  £00  lb  per  sq  ft.  What  is  the 
tad  lequiietl  uoment  of  hesistance  *  of  the  fooiingp 


m 


FoufidatioQS 
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Then,  by  Equatioo  (x),  we  have 

J/  -  Jix  3  6oo(iiH-  2)  iiH  -  507SO  ft-lb 

If  Equation  (2)  is  used,  we  have 

if  »  H  X  3  600  ( 1 1 H  ~  2)* »  42  050  ft4b 

and  by  Equation  (3) 

Jf  -  HX  3  600  (iiH "  2)  (11%  -  i)  -  46400  ft-Ib 

G)mparins  the  results  we  see  that  the  moment  by  Equatioa  (3)  Is 
of  the  moments  by  Equations  (z)  aad  (2). 

Graphical  Comparison  of  Bonding  Moments  in  Foottngs.     Fig 

a  graphical  oomparison  of  the  moments  for  varying  ratios  of  /  to  w  cal 
by  Equations  (i),.(2)  and  (3)  on  the  assumption  that 

w  "  the  width  of  wall  >  z  ft; 

U  «  the  unit  load  on  the  foundation-bed  -■  i  000  lb  per  sq  ft;  ai 


l/w. 


*-^^^ » ■> — 


The  load  on  the  wall,  in  pounds,  for  any  value  of  /.  is  1 000  /. 

Comparing  the  curves  of  Equations  (i)  and  (2)  it  will  be  seen  that  the 
are  widely  apart,  the  percentage  of  variation  being  highest  in  the  case  c 
projections.  When  /  is  less  than  twice  v,  or  in  other  words,  when  the  pre 
is  less  than  one-half  the  width  of  the  wall.  Equation  (2)  gives  moments  k 
half  the  moments  given  by  Equation  (i).  Equation  (2)  may  be  used  fo 
projections.  Equation  (i)  gives  results  which  are  too  large,  es[>eciall3 
the  projections  are  sm  Jl.  Equation  (3),  giving  results  half-way  betwce 
of  Equations  (i)  and  (2)  and  in  accordance  with  a  reastxiable  hj^xithesis 
appear  to  be  preferable,  but  is  not  in  accordance  with  present  practice. 

21.  Bending  Moments  in  Footings  of  Columns  and  Pierc 

General  Statement  of  the  Problem.  Fig.  25  represents  in  plan  a 
column  resting  on  a  footing  which  projects  on  four  sides.    The  base 

colunm  or  pier  is  represented  by  ABCjD,  a 
footing  and  its  area  of  support  by  EPGH. 
part  of  the  footing  included  in  the  areas  MNi 
QRST  can  be  considered  as  acting  in  the  sai 
as  projecting  footings  under  a  wall,  but  the  u 
the  four  comers  BQMA,  etc.,  on  which  no  si 
posed  wall-load  is  imposed,  also  causes  I 
moments. 

Different  Theories.  There  are  several  t) 
more  or  less  complicated  and  unsatisfactory 
how  the  UPLVT  on  the  four  corner-arkas 
be  determined.  The  discussion  of  these  t 
would  be  out  of  place  in  this  chapter.  In  a 
footing,  the  projection  is  not  over  one-half  the  width  of  the  superii 
base,  the  four  comer-areas  will  not  aggregate  over  25%  of  tb 
area  of  the  footing,  and  it  may  then  be  a^umed  that  the  bendrng  o 
is  the  same  as  if  the  base  of  the  column  or  pier  extended  like  a  wail 
the  entire  footing,  as  is  shown  in  Fig.  26.  To  insure  these  conditions,  w] 
projection  of  the  footing  exceeds  H  w,  and  in  all  cases  when  the  footing 
homogeneous,  as  when  a  grillage  of  steel  is  used,  the  load  of  the  colum] 
be  distributed  over  the  width  of  the  footing  by  a  girder  or  bolstsr  at 
extension  of  the  column-base.    In  case  the  footing  is  in  several  layer 
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Fig.  25.  Plan  of  Column- 
footing  with  Four  Equal 
Projections 
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rmt  CKtoid  the  full  width  of  the  underiyliig  Uyor.  With  such  oonstruc- 
ixs  endeoi  that  the  bending  moment  will  be  the  same  as  if  the  giroer  or 
m  wcK  a  wall  and  Equation  (i)  will  be  applicable. 

tafiac  Mofli«iits  in  ColnnuuFootiags.  For  column-footings  Equation 
■bt-jsed,  taking  the  total  load  in  place  of  the  load  per  foot,  and  the  result 
An  be  the  toUl  bending  n 


A  column  carrying 
B  6  to  be  supported  on  a 
Koocaetc  slab.  The  cast- 
lafaBin-base  is  2  ft  square. 
alavaUe  presure  on  the 
rimac-bed  is  6  tons  per 
t  What  is  the  maximuii 
in  the  slab? 


t     I 


D 


B 


feaeeacf  support -96/6-  rig,  26.  Column-footing  Treated  Like  Wall-footing 
q  fts  4  by  4  ft.    The  pro- 

■  B  H  (4  —  a)  «>  I  ft,  or  one-half  the  width  of  the  base,  and  by  the  fore- 
indeve  can  calculate  the  bending  moment  as  if  the  base  of  the  column 
ikA  ID  one  direction  acrosa  the  footing.  Applying  a  ooavenient  form  of 
gioB  <i) 

M^HX  193  000  lb  (4  —  3)  -  48 000  ft-lb,  or  576 000  in-tb 
inexng  must   therefore  be  of   sufficient  depth  to   resist   this  bending 

k  Hm  example  the  allowable  unit  pressure  on  the  foundation-bed  is  2  tons 
■d  of  6  tons  per  sq  ft  the  supporting  area  and  the  area  of  the  bottom  con- 
t  footing  course  win  be  96/2  •-  48  sq  ft.  If  the  footing  course  can  be  a 
R  ks  dimenaioDS  will  be,  with  sufficient  exactness,  7  by  7  ft.  By  the  rule 
1  sace  the  projection  exceeds  one-half  the  width  of  the  base,  there  should 
num  eaitcnding  across  the  footing.  The  bolster  will  be,  therefore.  7  ft 
«d  amy  properly  be  composed  of  two  or  more  steel  beams.  The  cast-iron 
ssT  be  dfspensfed  with,  in  which  case  the  base  of  the  column  w91  be  pro- 
t  vith  a  steel  base  or  with  flange-angles.  Let  us  assume  that  the  column- 
iii  ft  6  in  square  and  the  width  of  the  bolster  2  ft 
ftbcBtSng  moment  in  the  bolster  is  determined,  then,  by  Equation  (i) 
\  ih  ft.  tile  width  of  the  column-base«  for  w,  and  7  ft,  the  length  of  the 

if  -  H  X  192  oco  (7  —  iM)  -  132  000  ft-Ib  -  I  584  000  in-lb 

bs:fi^  moment  in  the  slab  is  determined  in  the  same  way  by  Equation  (i), 
;  2  ft.  the  width  of  the  bolster,  for  w,  and  7  ft,  the  length  of  the  slab,  for  I. 

J/  ■>  H  x'192  ooc  (7  —  2)  -  120000  ft-Ib  -  I  440000  in-lb. 

Mags  Other  Than  Square  in  Plan.  In  case  it  is  necessary  to  use  some 
fikqpe  than  a' square  for  the  supporting  area  the  resulting  moments  in 
hk  and  bolster  will  vary  from  those  calculated  above.  If  in  the  foregoing 
lie  the  supporting  area,  for  any  reason,  is  necessarily  made  6  by  8  ft,  giving 
I  ft  as  the  required  area,  and  if  the  bolster  is  parallel  with  the  6-ft  side,  the 
■t  in  the  bolster  will  be 

if  -  H  X  192  000  <6  —  iH)  -  108  000  ft-Ib  -  I  296  000  in-lb 

le  aiaoient  in  the  slab  will  be 

If  -  H  X  192000  (8  —  2)  -  144000  ft-Ib  -  I  728000  in-lb 
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or,  the  moment  in  the  bokter  is  less  and  the  moment  in  the  slab  b 
in  the  case  of  the  7  by  7-ft  supporting  area.    If  the  bolster  runs 
the  long  side,  the  moments  will  be,  for  the  bolster, 

Jf-HX  192000  (8*  i^i)«*  156000  ft-n> 
and  for  the  slab, 

Jlf  -  H  X  192  000  (6  ~  a)  -  96  000  ft-lb 

In  footings  having  more  than  two  layers,  each  layer  must  be  inva 
separately,  using  I  for  the  length  of  the  layer  which  is  being  determine| 
for  the  width  of  the  superimposed  layer. 

Compound  Footings.  In  compound  footings  where,  for  ezampl«ij 
and  a  colunm  or  two  or  more  columns  are  supported  by  a  single  fo<l 
where  loads  are  cantilevered,  the  loads  will  in  general  be  distributed  to  i 
porting  area  by  giroeks  or  cantilevers.  The  shears  and  bending  n 
of  such  girders  or  cantilevers  must  be  determined  for  each  case  by  the  1 
used  in  the  calculations  of  beams  and  girders  in  Chapters  XV  and  XX. 

22.  Design  of  the  Footings 

'  Materials  used  lor  Footings.  To  possess  the  required  strength  tl 
MOMENT  OF  RESISTANCE  of  the  footing  must  be  at  least  equal  to  the  1 
OF  RUPTUKE,  calculated  as  explained  in  the  preoadtng  paragraphs.  M 
whether  of  brickwork  or  stone,  is  not  gmerally  suitable  for  any  but  tht 
est  buildings,  as  its  tensional  strength  is  low.  Concrete,  plain  or  reix 
or  grillages  of  steel  embedded  in  concrete,  are  generally  employed.  (See 
ter  III  for  footings  for  light  builcUngs.) 

Footings  of  Homogeneous  Slabs.    If  the  footing  is  composed  of 
OF  HOMOGENEOUS  MATERIAL,  as  a  block  of  granite  or  other  reliable  building 
or  a  single  layer  of  concrete,  the  moment  of  resistance  is,  by  the  inveU- 
flexure-formula  for  rectangular  cross-sections,  Mr  '^Hbd^S  (see  Chapt 
XV  and  XVI)  in  which 

d  «  the  depth  or  thickness  of  the  footing,  in  inches; 
b  >  the  breadth  of  the  footing,  in  inches; 

S  «  the  allowable  unit  tensile  stress  of  the  material,  in  pounds  per 
inch; 
Mr  "  the  moment  of  resistance. 

Placing  Jf,  the  moment  of  the  forces  tending  to  cause  rupture,  equal 
for  a  length  of  wall  equal  to  i  foot  we  have 

ft*  12  in 

and  d^'HM/S 

Substituting  in  Equation  (4)  the  value  for  M  in  inch-pounds  as  detenni 
lorraulas  (i),  (2)  and  (3)  and  a  value  for  5  as  given  in  the  following  paxi 
the  required  depth  d  can  be  determined. 

Safe  Tensional  Strength  for  Materials  in  Footings.    The  value 

the  allowable  unit  tensile  stress,  for  concrete  or  stone  must  include 
factor  of  safety,  as  experiments  show  wide  variations  in  the  tensional  s 
and  in  the  modulus  of  rupture  or  flexural  strength  of  such  nu 
The  following  values  for  5  in  pounds  per  square  inch  include  a  factor  ol 
of  from  8  to  10  and  should  not  be  exceeded.  (See,  also^  Table  III,  pa 
Chapter  XVI.) 
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I  5  in  lbs  per  aq  in 

khkkworfc  or  masonry  in  lime  mortar from  o  to    lo 

Ik  kidwork  or  masomy  in  cement  mortar from  loto   40 

fircsacrete,  1:3:6 from  15  to    25 

faroBocRtc^  X  :  2H  15 from  20  to   40 

fecaoacte,  X  :  3  :  4 from  30  to   50 

KvBHfatooe  or  limestone  in  monolithic  blocks from  75  to  150 

|i|aiate  in  mnmolithic  blocks from  100  to  250 

■lie  of  Coocrcte-Footinc  Desicn.     Concrete  Cast,  as  a  Unit.     A  concrete 

r;  ansae  4  ft  wide  supports  a  wall  2  ft  thick.    The  load  on  the  foundatioD* 
liooolb  per  lin  ft  of  wall,  or  7  000  lb  per  sq  ft.    Assuming  a  value  for  S 
fepff  sq  in,  what  is  the  required  depth  for  the  concrete  footing  course? 
taoEiait  of  rupture  from  one  form  of  Equation  (i)'  is 

Jf«HIF(/-w),     or    HX:8ooo(4-2)-8400oin.Ib 

ft^xas  in  Equation  (4) 

^— H  X 84000/35*  1200^    or    if « 35  in 

^tiaa  {2Y  the  moment  of  rupture  is 

Jf  •H4  l^P«  -  H4  X  7 000x12x12 -42 000 in4b 

#«  H  X  42  000/35  -  600,    or    d-24in  + 

Ikftt  determined  by  Equations  (i)  or  (i)',  as  previously  noted,  errs  on 
fc«f  safety.  The  result  by  Equations  (2)  or  (2)'  conforms  more  nearly 
b  practice,  and  as  the  projection  is  small  compared  with  the  width  of 
d,  it  Biaj  be  used,  or  an  intermediate  value,  as  determined  by  Equations 
iisH'.  wtxf  be  considered  amply  safe. 

^fti.  foetiiiffB.     If   the  concrete  footing  is  cast  in  one  uiunterrupted 

fai  90  as  to  act  as  a  single  cnnEB  for  its  entire  depth,  a  considerable 

\d  material  may  be  effected  by  forming  steps, 

mm  to  Fig.  27.     If    the  steps  are  of  equal 

:tke  toCal  projectioa  should  be  equally  divided 

■  Ike  steps.    If  the  footing  is  cast  in  several 

fSrif  a  granite  slab   is  superimposed  on  a  bed 

CBle  then  each  layer  must  be  figured  separately 

B«dtb  of  the  superimposed  layer  used  in  pbce 

lendthof  the  walL 

ioB  in  Design  of  Footings  of  Several 
a  Eqnatsoo  (2)  should  not  be  used  where 
■iag  cDosists  of  several  layers,  as  the  error 
I  tke  onneous  assumption  is  cumulative  and 
nsok  in  a  serious  concentration  on  the  outer 
If  tie  upper  layers. 

k*.  -  W„i^  «f  8«md  Urn.,  rn  the  ^^  "wa^S'*"^ 
(iwmgs  cast  in  separate  lashers  the  calculations 

i  Vt  Bade  as  foUows:  Let  /t «-  the  length  of  the  footing  having  a 
k,  M,   From  Eqiuation  (x),  reduced  to  inch-pounds, 


k 


,       2M 

3W 


decided  on  the  depth  of  each  layer,  say  15  in,  and  a  value  of  5,  say 
kt  mncrctr,  then,  from  the  flexure-fonnuUi,  Jf  «  ifr  *■  H  X 12  x  15^ 
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X  35  m  15  75oin-lb,  which,  substituted  in  the  above  equation,  will  give  tl 
of  /i,  or  the  length  of  the  top  course.  Having  detennined  /i,  the  leocti 
second  course.  It,  is  found  in  the  same  way,  using  /i  for  w,  and  so  on  u 
required  width  of  the  footing  is  reached.  The  dimensions  /  and  w  ai 
taken  in  feet. 

ComparisoB  •!  Unit  and  Separate-Layer  Footings^  FootiD^s  1 
separate  layers  are  very  uneconomical  in  the  amount  of  material  require 
compared  with  those  cast  in  one  operation.  If  the  footing  in  the  i 
example  is  designed  on  the  separate-layer  basis  and  the  courses  assume 
15  in  thick,  their  lengths  are  as  follows: 

/i  -  —TT  +  w  -  l(a  X  15  75c)/ (3  X  28000)1  +  a  -  2.37s  ft 

3  It 

Also 

h  -  2.75  ft,    U  -  3- 1 25  ft,    /*  -  3.50  ft    and    /»  -  3.S75  ft 

As  /(  is  nearly  4  ft,  the  required  length,  it  may  be  made  so  by  increas 
thickness  of  the  bottom  course  to  16  in.  The  total  thickn^s  of  the  fo 
therefore  (4  X  15  in)  -f  16  m  —  76  in  Instead  of  35  fn,  as  previously  det< 
by  Equation  (i)  for  the  footing  cast  as  a  unit. 
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Boaring  per  Bquare  foot 
Fig.  28.    Diagram  Showing  Ratio  of  Projection  to  Depth  of  Footings 

Itiile-of-Tliumb   Methods   for   PrejtctioBa  ttmi   Steps   ia   F« 

Various  asbitsary  rules  are  in  use  which  purport  to  give  for  different  n 
of  construction  so-callied  safe  projectigns  for  given  depths  of  footi^ 
give  the  safe  ratio  between  the  projection  and  the  depth  of  a  footid^ 
rules  ignore  the  fact  that  the  upbft  varies  and  they  are  entirely  unre^ 
though  such  RULEs-OF-THUMB  are  often  incorporated  in  the  building  c 
cities.     (See  Chapter  III,  page  224.) 

Bzanple.    The  sale  projection  for  offsets  in  brickwork  it  frequciit| 
in  building  codes  a&d  in  tezt-booka  as  3  in  for  a  doobtc  ceune  o£  brick 
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d  aboHt  5  UKhes»  the  coiresponding  ratio  bang  0.6.    II  we  assume  the 

Siv  bdckwork  at  30  lb  per  sq  in,  this  offset  will  be  sale  wiien  the  u|>- 

tbu  2  666  lb  per  sq  It,  but  not  safe  when  the  uplift  is  over  2  666  lb 

i 

til  PrejecHaa  to  D^pth  of  Footiac  For  lootings  of  homogeneous 
hnvcw,  havios  a  imaU  projeOkxi  and  where  Formula  (2)  can  be  used 
iii  k  peasUe  to  calculate  a  so-called  safe  raho  of  paojEcnoN  for  a 
i«B  loal  From  Equation  (s)"  and  Equation  (4),  derived  from  the 
hfcf  the  MMfENT  OF  RESISTANCE  foT  bcams  of  boDftogeneoos  material  and 
iJir  aosfr^ectloQ,  the  loUowing  formula  m«^  be  derived: 

Pld^y/l^sju  (5) 

jti  aS  donen^ons  are  in  inches,  5  in  pounds  per  square  inch,  and  V  in 
k  per  square  foot.  The  quantity  pli  is  the  ratio  of  the  projection  to  the 
id  tbc  beam  or  footing.  For  a  given  value  of  5  the  ratio  will  vary  in- 
^ts  the  square  root  of  V. 

e&grzm  (Fig.  28)  shows  curves  for  diflFercnt  values  of  5  and  V  from  which 
lb<tf  projection  to  depth  of  footing  may  be  taken.  Thus,  for  a  concrete 
I  far  irfadb  the  aUowaUe  unit  stress,  5,  in  tension  is,  say  30  lb  per  sq 
tbe  kad,  T,  on  the  foundation-bed  is  3  000  lb  per  sq  ft,  the  allowable  pro- 
I  «S  be  0.69  times  the  depth  of  the  footing  course.  If  the  concrete  b 
tiadt,  tile  afiowabte  offset  will  be  8.3  In.  Conversely,  for  a  given  offset, 
^B,  vfaen  the  unit  load  is  3  000  lb  and  5  -  30  lb  as  before,  the  required 
Iv3  be  1.45  times  the  offset. 

tS.   Steel  Grillages  in  Foundatioiis* 

■Hagea  in  the  Use  of  Sttel-Beam  (rriUages.  When  It  is  desirable 
iii  the  deep  excavation  required  for  concrete  or  masonry  footings,  and 
'^  load  of  a  wall  has  to  be  distributed  over  a  wide  area  of  support,  steel 
f«rsiEEL  BEAMS  are  frequently  advantageously  used  to  give  the  required 
at  d  resistance  with  a  minimum  of  depth.  Steel  beams  are  generally 
n  aad  preferable  to  rails,  although  second-hand  rails  have  frequently  been 
atacipetfant. 

fttng  Ifce  Bed  and  Setting  the  Beams.  The  foundation-bed  should 
tanoed  with  a  layer  of  omcreta  not  less  than  6  in  in  thickness  and  so 
i  lad  onnpacted  as  to  be  as  nearly  impervious  to  moisture  as  possible, 
■as  ihoald  be  placed  on  this  layer,  the  upper  surfaces  brought  to  a  line 
b  lower  flanges  carefully  grouted  so  as  to  secure  an  even  bearing.  Sub- 
4f,  oMKfete  should  be  placed  between  and  around  the  beams  so  as  to 
■Mljr  protect  them. 

for  Steel  Grillages.    In  determining  the  number  and  size 
lea-  any  given  footing  the  following  points  should  be  considered: 
Tbt  beams  must  resist  the  UAxniUM  bending  moment,  and  this  without 
notEcnoN. 

|be  beams  must  resist  the  shearing-stresses,  the  meeting  of  which 
Nat  ordmarily  provides  against  crushing. 

[&e  beams  most  not  be  spaced  so  far  apart  that  there  is  danger  of  the 
Ik  Sag  between  the  beams  failing  to  distribute  the  load. 
Ihe  beams  must  not  be  spaced  so  near  together  as  to  prevent  the  placing 
He  bttwetu  them.  The  clear  space  between  the  flanges  of  the  top  layer 
I  fnierably  be  not  less  than  2  in  and  should  be  somewhat  more  for  the 
moA. 

bvB  €78  to  68e  for  an  example  of  a  ocmtinuouB  girder  ia  grillage  foundation. 
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(5)  Wbere  the  bemdimo  uouent  is  the  governing  feature,  of  two 
equal  weight,  the  deeper  beam  should  be  used.  Thus,  if  the  required 
MODULUS  is  147 »  a  ao-in  81.4-lb  beam  might  be  used;  but  a  24-in  79.4 
is  stiffer  and  stronger  in  bending. 

(6)  Where  the  shear  is  the  governing  feature,  of  two  beams  of  equ 
the  smaller  beam  is  the  stronger.  Thus,  the  sheasing  value  of  a  20 
beam  b  greater  than  that  of  a  24-in  So-lb  beam  and  is  nearly  equivale: 
of  a  24-in  90-lb  beam.  However,  on  account  of  the  greater  stiffnc 
deeper  beam  it  is  sometimes  advisable  to  use  it  even  though  the  cost  is 

Spacing  of  Beams  in  Grillage.  Table  DC  gives  the  LncrnNG  si 
steel  beams,  based  upon  the  safe  capacity  of  the  concrete  filling  au 
beam,  for  loads  of  from  i  to  6  tons  per  sq  ft.  Since,  however,  in  s 
spans  there  is  considerable  arching  effect,  the  concrete  will  safely 
the  load  on  larger  spans  than  those  given  in  the  table,  provided  sl 
number  of  tie-rods  of  proper  size  are  used  to  take  up  the  thrust  of  the 


Table  IX.    The  tJiwIh^j  Spactng  for  Steel  Beams  Used  With  Coocra 


Depths 

Spacing  of  beams  for  the  following  pressures  per  square  fo< 

of 
beams 

I  ton 

2  tons 

3  tons 

4  tons 

5  tons 

in 

ft 

in 

ft     in 

ft     in 

ft     in 

ft     in 

6 

I 

3 

0      II 

0      10 

0       9 

0       8 

7 

I 

6 

I        I 

0      II 

0      10 

0       9 

8 

I 

8 

I        3 

I        I 

0     II 

0      10 

9 

I 

II 

I        S 

I       2 

I       0 

0      II 

10 

2 

I 

I        6 

I        4 

I       2 

I        I 

12 

2 

5 

I      10 

I        6 

I        4 

I        3 

IS 

3 

0 

2        3 

I      10 

I        8 

I        6 

18 

3 

8 

2        8 

2        3 

I      II 

I        9 

20 

4 

0 

2        II 

2        S 

2          2 

I      II 

24 

4 

9 

3       6 

2      II 

2        7 

2        4 

The  Design  of  a  Wall-Footing  of  steel  beams  is  illustrated  by  ti 
ing  example:  A  24-in  wall. carries  42  000  lb  per  lin  ft.  What  ^ould  | 
and  spacing  of  steel  beams  to  distribute  the  load  over  the  foundati 
3  600  lb  per  sq  ft?  The  required  width  of  the  footing  is  42  000/3  Go 
8  in  and  the  bending  moment  by  Equation  (3)  is  556  800  in-lb  po^ 
wall.  The  amount  of  shear,  by  the  formula  given  on  page  1 70,  is  5  »  W, 
or  34  800  lb.  As  the  beams  are  in  double  shear  the  single  shear  per  \ 
of  wall  is  17  400  lb.  The  required  section-mtxiulus  per  linear  foot  of 
tained  by  dividing  the  bending  moment  by  the  allowed  fi.ber-stress 
or  556  800/16  000  (assumed  fiber-stress)  =»  34.8.  By  referring  to 
page  35S,  giving  the  section-moduli  of  steel  beams,  we  find  that  a  i 
beam  has  a  section-modulus  of  36.  To  satisfy  the  condition  of 
beams  must  not  be  spaced  more  than  36/34.8  =  1.03  ft,  center  to 
satisfy  the  condition  of  web-crippling  due  to  direct  compression,  the 
pressive  stress  must  not  exceed  the  value  of  St,  Table  II,  page  5 
for  a  i2-in  31.8-lb  beam,  is  13  060  lb  per  sq  in.  The  area  of  the  bea 
compression  is  the  length  over  which  the  load  is  distributed,  times 
thickness.    Some  authorities  consider  that  the  load  is  distributed  ov 
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tt  the  loaded  portkm  cxf  the  beam  plus  oDe^ha]!  the  depth  of  the  beam, 
ItkBaiid  the  ioUowing  example  the  length  of  only  the  loaded  portion  is 
I  h  Uis  case  the  area  is  therefore  24  x  0.35  -  84  sq  in.  If  the  beams 
ioA  lAi  ft  00  centers  the  imit  direct  compression  b  42  000  x  1.03/8.4  » 
il^rfaicfa  is  well  within  the  allowed  stress  given  by  Table  II,  page  575. 
nrtlte  addition  of  web-crippling  due  to  shear,  the  shearing-stress  must 
pBd  tbe  Ttloe  as  derived  from  the  formula  for  allowable  shear.  (See, 
Ucr  XV,  ptngraphs  and  foot-notes  relating  to  Buckling  of  Beam- Webs 
■Aei&iBtntive  Example  15  in  that  chapter.)  The  approximate,  allowed, 
mH  value  may  be  obtained  by  dividing  the  value  of  5b  (Table  II, 
|n5]  by  tiie  factor  P,  the  values  of  which  are  given  in  Table  IX  A, 
■f.  For  example,  for  a  12-in  31.8-lb  beam  this  shearing  value  ■■  13  060/ 
mis  lb  per  sq  in.  The  shearing  capacity  of  the  beam  is  obtained  by 
M  this  unit  stress  by  the  depth  of  beam  times  the  web-thickness,  or 
■tuxaj$«33  240  lb,  or  much  more  than  required.  Only  one  of  the 
pHof  vetxiippling  need  be  considered  by  applying  the  following  rule: 
^itu  divided  by  the  depth  of  the  beam  is  greater  than  the  total  load 
|i  b;  the  product  of  tne  distance  (over  which  tbe  load  is  distributed)  by 
i[tBrF,  investigate  for  shear;  if  otherwise,  investigate  for  direct  compres- 
TliinkiDay  also  be  expressed  as  follows:  According  as  (/  ~  w)/l  is  greater 
fht  2  DjtfFf  investigate  for  shear  or  for  compression.  Here  /  •-  length 
B,  V"  haded  portion  of  beam,  D  »  depth  of  beam,  w' «  length  of  beam 
■iah  the  bad  is  assumed  to  be  distributed  (often  taken  «>  10+}^  ^)  and 
^factor  for  the  given  beam  obtained  from  Table  IX  A.  All  dimensions 
ietika  u  tbe  same  unit.  If,  instead  of  the  12-in  beams,  15-in  42.9-lb 
|L  having  a  section-modulus  of  58.9  are  used,  the  spacing  will  be  sS-9/34-8 
I  ft  Karly,  say  i  ft  8  in.  By  referring  to  Table  IX,  page  182,  it  is  seen 
k^adas  of  the  beams  is  well  withii  the  safe  limit  of  the  concrete  and  no 
fiaie  theoretically  necessazy.  It  is  preferable,  however,  to  use  at  least 
itcitiMwU. 

Ml  II  A.  Vthies  of  Factor  F*  for  Shearing  Values  for  Various  Beams 


I 

Beams 

For  standard- 
weight  beams 

For  heavy- 
weight beams 

la-inbeam 
IS-in  beam 
i8-in  beam 
20-inbeam 
24-inbeam 

1.6s 
1.71 
1.76 
1.77 
1. 91 

1.52 
I. SO 
I.S8 
1.62 
1.67 

kfatns,  T,  vUch  have  been  deduced  to  be  used  in  connection  with  S^,  Tabk  11, 
iirs.  to  ghre  the  safe  unit  shearing  value  based  on  web-crippling,  will  halp  greatly 

bfibdoas  of  siieais  in  case  tables  di  safe  shears  are  not  obtainable.  It  is  to  be 
,  that  the  values  derived  from  tbe  use  of  F  are  approximate  only,  as  this 
:  different  for  every  beam;  and  to  give  its  value  for  every  beam  would 
II  BiKh  space  as  complete  tables  of  safe  shears.  The  values  of  P  are  not  given 
he*  aectbos  of  l^ht  beams  as  they  are  not  usually  good  sections  for  grillages, 
kuatiooed  that  the  standard  weight  for  each  size  of  beam  for  which  F  is  given 
^aot  vdght  higher  than  the  minimum  weight  given  in  Table  II,  pages  574-s, 
■  the  30-10  beams,  for  which  the  minimum  weight,  65.4  lb,  is  also  the  standard 
The  mk  pven  above  for  determining  whether  web-crippling  based  on  shear  or 
tcoofnajoQ  is  tbe  determining  condition  eliminates  one  of  the  calculations  to 
saBveaisatioggnUages. 
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The  Design  of  t  Coliuna-Pooting  of  sted  beams  is  itlustrated 
following  example:  A  colamn  carries  576  tons.    The  allowable  pressure 
foundatioQ-bed  is  3  tons  per  sq  ft.    What  should  be  the  arrangement, 
and  size  of  the  steel  beams  composing  the  grillage?    The  required  area 
port «  576/3  «  192  sq  ft.    In  order  to  make  the  problem  as  general  as 
let  it  be  supposed  that  practical  considerations  Kmit  the  width  of  the  fo 
12  ft.    The  dimensions  of  the  concrete  mat  on  which  the  lower  layer  d 
rests  will  be  12  by  16  ft.    By  referring  to  the  diagram  (Fig.  28)  we  fine 
the  mat  is  made  12  in  thick  an  offset  of  6  in  is  permissible.    The  dia 
of  the  lower  layer  of  beams  will  therefore  be  11  by  15  ft.    A  suitable  gril 
the  giv«i  conditions  may  be  designed  of  two  or  of  three  layers.    If  tw 
are  used  the  length  of  the  top  beams  will  be  11  ft.    Assuming  the  coluj 
*  30  in,  the  loaded  portion  «  2H  ft,  and  by  Formula  (i),  the  bending  m 
-  H  X  1 152  000  lb  X  (11  —  2H)  X  12  X  H  -  14  688  000  in-lb,  from  wl 
required  section-modulus  (at  i6ooo-Ib  maidmum  fiber-stress)  «•  918. 
ferring  to  Table  IV,  Chapter  X,  five  24-in  90-lb  beams  have  a  section-i 
of  929  and  consequently  satisfy  the  condition  of  bending.    By  a|:^] 
rule  given  in  the  preceding  paragraph  for  the  design  of  a  wall-footinsr, 
web-crippling  due  to  shear  or  to  compression  is  to  be  investigated,  (/  - 
0.773  and  2  D/w'F  «  0.958,  which,being  greater  than  0.773,  shows  that  tb 
should  be  investigated  for  web-crippling  due  to  compression,  by  the 
explained  in  the  previous  example.    It  will  be  found  that  the  five  24- 
beams  also  satisfy  this  condition  and  will  therefore  be  used.    Then 
width  is  about  7H  in,  so  they  should  be  spaced  about  9^  in  on  centers 
ing  the  length  of  the  column-base  to  be  about  3  ft  9  in.    The  calcula 
<-.fae  lower  layer  is  similar,  the  length  of  the  beams  being  15  ft  and  thi 
portion,  3  ft  9  in.    It  is  rarely  necessary  to  investigate  the  lower  layer 
crippling,  the  condition  of  bending,  except  for  the  top  layer,  bein^  usu 
governing  feature.    If,  owing  to  conditions  of  bending,  it  is  not  practi 
make  the  beams  of  the  top  layer  sufficiently  long  to  extend  across  the  : 
width  of  the  concrete  mat,  it  is  then  necessary  to  make  the  grillage 
layers.    The  calculation  for  a  three-layer  grillage  for  the  same  problen 
preceding  is  as  follows: 

Calculation  of  the    Top  Layer.     For  web-crippling    due  to    com] 
1  152  000  lb  *»  56  X  w'  X  /  X  «,  where  56  -  the  allowable  unit  stress, 
length  of  beam  over  which  the  load  is  assumed  to  be  distributed,  I »  1 
thickness  and  n  =  the  number  of  beams.    Referring  to  Table  II,  Chap 
and  assuming  a  20-in  75-lb  beam  to  be  used,  56  *"  13  660  lb  per  sq  Iq 
0.641  in.    Taking  u;'  «  30  in  (the  width  of  the  column-base),  13  660 
0.641  >  262  682  lb  and  the  value  for  five  beams  is  i  313  410  lb,  which 
than  enough.    But  it  is  found  that  five  20-in  70-lb  beams  would  not 
cient.    It  will  be  economical  to  make  these  beams  of  the  greatest  length  t 
they  will  resist  bending.    The  section-modulus  of  one  beam  is  126.3; 
total  Mr  —  5  X  126.3  X  i6  000  (assumed  fiber-stress).    This  may  be  deU 
also,  by  Formula  (i)  in  which  M  *»  H  WP.    From  these  equations  thi 
tion  P  -  3sVi  in,  and  the  length  of  the  beams  is  therefore  (2  x  35 M)  -♦ 
width  of  the  base)  —  looj-i  in,  or  approximately  S  ft  4  in.     By  appi; 
foregoing  rule  to  see    if    web-crippling  due  to  shear   must   be    coi 
(100- 3o)/ioo- 0.7  which  is  less  than  40/(30  x  1.62)  =»  0.82,  and  tl 
need  not  be  investigated. 

*  It  IS  to  be  noted  that  the  bending  moment  is  the  same  as  for  a  beam  ttnifomi 
with  576  tons  on  a  span  of  %\i  ft,  (/  —  w),  and  that  the  number  and  size  of  the 
beams,  as  far  as  bending  is  concerned,  may  be  taken  from  the  tables  giving  the  i 
of  beams.     See  Table  IV,  Chapter  XV. 
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htam  <1  Urn  StctmA  Lbjm.  Since  tht  IcDgtb  of  tike  top  l«ycx  i*  limited 
lib ud  the  width  oi  the  lowest  layer  IE  II  it,  it  will  be  uMsanty  to  have 
■tifatc  layer.  This 
■B  iIk  uck  shren  by 
h^olbamstd  tlw  top 
W  lit  width  of  the 
Iri; a S ft  4  in  by  ii 
kloai  wOl  td  ccnme 


h.  Sace  the  width  of 
^onebjM  ft.  Ibeir 
taii(i.ft-3Mfl)/i 
iLlkumnt  of  mnfle 
itiStoooX3-7S/'i  — 
■  lb  ud  the  bendiac 

«B|*X11J1000X4S 

I  )Sa  ODO  in-Ib.  i'dos 
fcti  lie  gber-UicES  the 


^  a^rioc  to  Table 
VOi  X  for  secticai- 
nd  dctamimn^  the 
■  ihor  u  tibove  ex- 


m 


I 


■»AiIus  of  Si  J.  and 
■]:  ik)  be  ample  foe 
Futihermore,  ten 
vudlo  oner  a  width 
\mnH  ^vc  a  sp^dog. 


Titins  the  eSecitve 
f  the  middle  Uyer  as 
tt  cnjectioa  of  the 
Kijfl-8(t)/i-jH 
■  nilailr  to  tbc 
biktt-  168  Soo  lb.  ] 
B096000  in-Ib,  from 
lrBctioii-iii(i(la]us-75£,  and  thirteen  is-in  41.9-lb  beams,  spaced  it 
«tt!.  wM  be  required,  or  two  15-in  60,8-lb  beams  and  ten  ij-in  4:. 9 
*I  be  used,  increaiiog  the  spacing  between  the  beams.  In  this  i. 
a  should  he  placed  nearest  to  the  tenter  of  the  looting  T 
d  io  Fig.  29. 
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ZL  Reinforced-Concrete  Footings 

AdTtntages  and  Disadvantagei.    Reinforced  concrete  has  in  receo 
been  largely  used  for  footings.    The  arguments  in  favor  of  its  use  are: 
(x)  Low  cost  of  the  footing-construction; 

(2)  Reduction  in  the  amount  of  excavation  required, 

(3)  Convenience,  as  compared  with  the  use  of  steel-beam  gxiilages» 
the  reinforcing-steel  is  readily  obtainable,  can  be  cut  to  length  on  the  wt 
handled  without  derricks. 

The  objections  urged  are: 

(i)  Danger  of  defective  workmanship,  as  the  strength  of  the  footin^r  < 
upon  the  proper  mixing  and  placing  of  the  concrete,  the  proper  placini 
reinforcement  and  the  complete  union  of  the  concrete  with  the  reinfor 
The  danger  of  defective  woticmanship  is  increased  by  reason  of  the  usual 
ties  of  foundation-work,  in  that  water  and  mud  are  generally  present  ; 
difficulty  of  careful  work  and  inspection  is  greater. 

(2)  Danger  of  the  deterioration  of  the  steel  reinforcement  either  by 
or  by  electrolysis.  This  danger  is  increased  by  the  presence  of  moisture 
the  relatively  small  cross-section  of  the  reinforcing-bars.  In  this  coi 
it  is  well  to  remember  that  in  reinforced-concrete  girders  as  usually  c 
the  concrete  on  the  tension  side  is  stressed  beyond  its  elastic  limit,  as  a  1 
which,  nimierous  fine  cracks  are  developed  under  the  figured  load. 

Use  of  Reinforced  Concrete  for  Foundations.  From  the  forego! 
apparent  that  great  care  should  be  used  in  connection  with  reinforced  1 
in  foundations,  especially  as  any  defect  is  difficult  to  detect  or  repair 
forced  concrete  is  used  not  only  for  so-called  mats  or  slabs  but  is  frc 
used  for  distributing-gerders,  bolsters  and  even  for  cantilevek 
author's  preference  is  against  reinforced  concrete  for  foundations  for  in 
structures. 

The  Methods  Used  in  Calculating  the  Strength  of  Reinforce 
Crete  Slabs,  Girders,  etc.»  are  explained  in  Chapters  XXIV  and  XX" 
stre^es  coming  on  the  reinforced-concrete  construction  are  to  be  det 
in  the  same  way  as  explained  for  footings  of  other  materials. 

Vi,  Timber  Footings  for  Temporary  Buildings 

Timber  Footings.  For  buildings  of  moderate  height  timber  may 
to  give  the  necessary  spread  to  the  footings,  provided  water  is  always 
The  footings  should  be  built  by  covering  the  bottom  of  the  trenche 
should  be  perfectly  level,  with  2-in  planks  laid  close  together  and  long^l 
with  the  wall.  Across  these  planks  hea\T  timbers  should  be  laid,  spao 
12  in  on  centers,  the  size  of  the  timbers  being  proportioned  to  the  ti 
stress.  On  top  of  these  timbers  again  should  be  spiked  a  floor  of  3-1 
of  the  same  width  as  the  masonry  footings  which  are  laid  upon  it.  J 
of  such  a  footing  is  shown  in  Fig.  30.  All  of  the  timber-work  must 
below  low-water  mark,  and  the  space  between  the  transverse  timbers  s 
filled  with  sand,  broken  stone,  or  concrete.  The  best  woods  for  sucfa 
tions  are  oak,  long-leaf  yellow  pine  and  Norway  pine.  Many  of  tlie  c 
ings  in  Chicago  rest  on  timber  footings. 

Calculations  for  the  Sizes  of  the  Cross-Timbers.    The  sizes  of  t 

verse  timbers  should  be  computed  by  the  following  formula: 

2  xw  X  p^xs 

Breadth  in  inches  « r 1 

d'xA 
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Mac  tlw  bcanag  nsiuna  of  the  foundation-bed  in  piusds  per  square 
I  Ac  praiectioQ  ot  ttie  transverse  timbers  beyond  the  j-in  planks,  in  feet. 
■on  m  centen  of  the  timbers  in  feet,  snd  d  the  luurned  deptb  of  the 
faadia.  A  a  the  constant  for  strength.*  The  values  reconuncinded  for 
ftttbog-Iaf  yelkiv  pine  and  wbite  oak.  44  for  Norway  pine,  and  39  for 
^ititc  pine  or  ipruce,  all  increaied  frDm  50  to  40%  for  tenuwcaiy  build- 
Sa  Tabic  II,  pa«e  61S.) 


Tit-  30-    Sinad  FoaHat  <d  Timba 

^  The  ade  walls  of  a  given  building  impose  on  the  foundation  ■ 
■  ri  ID 000  lb  per  lin  ft;  the  soil  nil]  only  support,  without  eicessivt 
■I,  laoo  lb  per  iq  f t-  II  is  decided  foi  economy  la  build  the  footings  as 
hr«.  JO,  usns  looE-leaf  yellow-pine  timber.  What  should  be  the  size 
toBwent  timbers? 

k.  Dnridiog  the  (olal  prrasure  per  Uneor  foot  by  i  ooo  lb,  we  have 
'kvidtfaof  the  footings.  The  masonry  footing  we  will  make  of  granite 
rhod  aoDc.  «  ft  wide,  and  solidly  bedded  on  the  pUnka  in  Portland, 
BCttir.  The  [Hn:>jecliun  P  <d  the  transverse  beams  will  then  be  3  ft. 
I«utibe  beams  12  in  on  centers,  so  that  i-  1,  and  will  assume  10  in 
f^  of  the  I'"""      Then,  by  the  fonnuU, 


the  breadth  in  inches  - 


bdd  QF  4-  by  lo-in  timber^  apicvd  11  in  on  centers.  If  spruce  timber 
ri  n  Aould  substitute  55  for  90,  and  the  result  would  be  6H  in.  <See 
Wiii.  for  A  iocTcaaed  from  jo  to  40%.) 

htiiM  fw  Tamporaty  Bnildingi.  When  temporary  buildings  are 
it  oa  I  comprcasible  suil,  the  fiiuudations  may,  in  some  parts  of  the 
fit  cmttructed  more  cheaply  of  timber  than  of  any  other  material,  and 
IMS  the  durability  ol  the  limber  need  not  be  considered,  as  when  it  is 
1*3  lati  two  or  three  years  in  almost  any  place,  if  thorough  ventilation 
hi.    The  World's  Fair  buildings  at  Chicago  (1893)  were,  as  a  rule, 

foa  timber  platfomu,  proportioned  so  that  the  maximum  load  on  the 
noteiceed  i(^  tons  per  sq  ft.    Only  in  a  few  places  over  uvd-holes 
■  I. 

erm  .4  ol  the  formula  vary  id  difiertnt  btdMiog  codes. 
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tW.  General  Conditioiis  Affecti&g  FoiiadatioiiB  and  Footui 

General  Considerations.  Where  the  footings  of  a  buildiztg  rest  oa  ^ 
or  on  day,  it  is  important  that  any  movenient  of  the  material  fom 
foundation>bed  be  prevented  if  possible.  In  many  cases  it  is  advisable 
nect  all  footings  with  a  concrete  floor  to  prevent  any  uplift  of  the  fou 
bed  between  the  footings.  Where  unequal  settlement  is  apprehend 
inadvisable  to  have  long  columns  firmly  attached  to  the  footings,  as  any 
settlement  of  the  footings  develops  a  bending-stress  in  the  colum 
bending-stresses,  in  the  case  of  long  columns,  m«y  become  extrcmdy 
resulting  possibly  in  the  rupture  or  distortion  of  the  columns.  In  such 
has  even  been  proposed  to  design  the  bases  of  the  columns  with  ball-anx 
joints  which  would  allow  imequal  settlement  of  the  footings  without  d 
or  bending  of  the  columns.  Such  connections,  however,  could  not  be  i 
used  because  of  the  necessity  of  bradng  the  structure  against  the  hi 
pressure  of  the  wind,  but  they  would  be  entirely  practicable  in  the  ens 
interior  columns. 

The  Minimum  Depth  of  Footings  is  limited  by  the  depth  of  tk 
by  the  requirements  of  the  cellar  as  to  whether  part  of  the  footings  cat 
above  the  cellar-floor  level,  and  by  the  depth  of  the  footing  itself.  The  n 
depth  will  be  advantageously  exceeded  if,  by  a  slight  increase  in  depth,  a 
capable  of  sustaining  a  higher  imit  load  is  found  on  which  to  rest  the 
or  if,  as  explained  in  previous  articles  of  this  chapter,  greater  security  is 
by  locating  the  footing  at  a  greater  depth.  These  considerations  will  ' 
the  design  of  a  footing  and  in  all  cases  should  be  taken  into  consideral 
some  cases  it  may  be  cheaper  to  abandon  the  use  of  a  spread  footing  of 
and  resort  to  piles  or  masonry  construction  going  to  rock  or  to  909 
solid  substratum.  Where  there  is  any  question  on  this  point,  careful  con 
should  be  made  of  the  advantages  and  costs  of  the  two  methods.  In 
however,  it  will  be  cheaper  to  spread  footings  immediately  below  tJi 
excavation  level  than  to  employ  any  of  the  various  deep-foundation  dm 

Deep  Foundations  are  necessary  when  the  material  at  the  lervel 
spread  footings  would  ordinarily  be  constructed  is  not  suitable,  or  i 
is  desirable  for  any  reason  to  carry  the  foundations  of  the  bidldins  do* 
underiying  stratum  of  greater  supporting  power.    Recourse  must  the 
to  one  or  more  of  the  following  expedients: 

(i)  Wooden  piles; 

(2)  Concrete  piles; 

(3)  Piers  or  walls  constructed  in  pits  or  trenches,  or  by  other  metl; 
going  down  to  the  required  depth  to  reach  a  solid  stratum. 

27.  Wooden-Pile  Foundations 

The  TTse  of  Wooden  Piles.  When  it  is  required  to  build  upon  a 
sible  soil  that  is  constantly  saturated  with  water  and  of  considerable  d 
mast  practicable  method  of  obtaining  a  solid  and  enduring  found 
buildings  of  moderate  height  is  by  driving  wooden  piles.  Many  (mi 
the  city  of  Boston,  Mass.,  and  several  tall  office-buildings  of  New  \ 
and  Chicago,  rest  on  wooden  piles,  and  they  are  extensively  used  for  sn 
buildings,  grain-elevators,  etc.,  erected  along  the  water-front  of  coast 
cities.  The  durability  of  wooden  piles  in  ground  constantly  satun 
water  is  beyond  question,  as  they  have  been  found  in  a  perfectly  sou 
tion  after  the  lapse  of  from  six  to  seventeen  centuries. 
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Ui^  UMpmummatm.  The  km  of  Borton  raquiK  that  Kooden  piln 
ihtttpped  with  block-snoite  levekn  at  with  Purtland-ceiiKiit  concute, 
hi  tUc  ^iwiiis  iIibU  not  enxed  3  ft  betiraea  centcra.  Tht  Uwi  oi  Cbict«o 
b  I^  ■oaden  piles  shall  be  driven  to  lOck  Or  hotd-pui  and  caiiiMd  with 
pa  tmber,  coDErete,  or  steel  or  a  combmation  uf  these.  The  laws  of 
Tat  >pecif>-  a,  itiininumi  diameter  of  5  inches  uid  a  in»iimiun  spadng  oC 

k  Maimmn  L«*ds  ABowed  on  Woodea  PUea  ia  various  dtlei  are  be 
K  Alknta.  lo  tons;  Philadelpbis,  10  torn:  Butfalo,  ij  tont:  Minneapolu. 
■e  RictaDOnd.  IS  torn:  St.  Loun,  ai  many  loni  as  the  pile*  will  safdf 
tK  Ckicafo,  15  torn;  Ix>uisville.  to  tont;  St.  Paul,  15  toiu:  New  Ynrk. 
PC  PnlaDd.  Oic.  35  t«u;  Clevdaod.  15  tons.  Most  of  the  above  dties 
bk  Ike  allowed  load  bjr  Wellingtoo's  fortnula  which  is  hereinaftei  given 
V  1^  under  the  bending.  Beahng-Powee  of  Piles. 

Ml  •!  ITood  U*«d  for  Ptl««.  Wooden  pOca  are  made  from  the  tninka  ' 
Bad  rimild  bf  ai  stnight  as  pnarfble  and  not  less  than  s  in  in  diameCer 
K  ndaU  end  for  light  buitdJDgx.  or  S  in  for  heavy  biiildingi.  The  woods 
tit  wd  far  pilet  are  spruce,  hemlock,  white  piae,  Norway  [Knc,  kmg-lea' 
AKt-lof  ydlow  pine,  pildi-pincv  cypress.  Douglas  61,  and  occasionally  oak. 
■y.  eka.  bbdc  gum  and  buswood.    There  does  not  appear  to  be  much 


K  It  M  probably  better 
mm  llw  halt  although 
m  mm  (rften  driven  with 
Hk  va.  and  it  is  doubtful  if 
Mkaakei  nuicli  diSennce 
w>'  or  the  other.  For 
■  B  nA  and  sUty  wife, 
Mcc  has  shown  that  the 
dnr  better  with  a  square 
L  Kkcn  ibe  penetration  is 
ha  4  m  at  each  blow  the 
t  lie  pile  should  be  pro- 


u>  Kifco.  Bfjoui  1  m    j^   J,      p^;^^  ^,  WooHrn  Piles  Pttpirod  (or 
ter  than  the  head  of  Drivinn 

n  thick.     The  bend  should  be  chamfered  to  fit  the  nng.     When 

bba  compact  soil,  such  as  sand,   gravel,  or   stitf  day,  tlie   point  of 

■  Aodd  be  mod  with  iron  or  steel.    The  method  shown  at  A.  Fig.  31. 

piwy  well  for  all  but  very  hard  soils,  and  for  these  a  cast  conical  point 

in  diameter,  secured  by  a  long  ikhvel,  with  a  rino  aiound  the  end 

udwwnat  S,  makes  the  best  »hoc.    Piles  that  are  to  be  driven  in  or 


190  FoundaUons  C 

exposed  to  salt  water  should  be  thoroughly  impregnated  with  creosote,  d 
or  coal-tar,  or  some  mineral  poison  to  protect  them  from  the  teredo  < 
WORM,  which  will  completely  honeycomb  an  ordinary  pile  in  three  or  fou 

Driving  Wooden  Piles  with  the  Drop-Hammer.  The  piles  shoiild 
be  driven  to  an  even  bearing,  which  is  determined  by  the  PENETRAHOi 
the  last  four  or  five  blows  of  the  hammer.  The  usual  method  of  drivi 
for  the  support  of  buildings  is  by  a  succession  of  blows  given  with  a  l 
cast  iron  or  steel,  called  the  haioier,  which  slides  up  and  down  betw 
uprights  of  a  machine  called  a  pile-driver.  The  machine  is  placed  o 
pile,  so  that  the  hammer  descends  fairly  on  its  head,  the  piles  alway 
driven  with  the  small  end  down.  The  hammer  is  generally  raised  by  stean 
and  is  dropped  either  automatically  or  by  hand.  The  usual  wei^^ht 
hammers  used  for  driving  piles  for  building  foundations  is  from  i  500  to  i 
and  the  fall  varies  from  $  to  20  ft,  the  last  blows  being  given  with  a  sh 
Occasionally,  hammers  weighing  up  to  4  000  pounds  and  over  are  used. 

Driving  Wooden  Piles  with  the   Steam-Hammer.    Steam-haj 

are  to  a  considerable  extent  taking  the  place  of  the  ordinary  drop-ham 
large  cities,  as  they  will  drive  many  more  piles  in  a  day,  and  with  less 
to  the  piles.  The  steam-hammer  delivers  short,  quick  blows,  from  ! 
seventy  to  the  minute,  and  seems  to  jar  the  piles  down,  the  short  inte 
tween  the  blows  not  giving  time  for  the  soil  to  settle  around  thena.f 
ing  piles  care  should  be  taken  to  keep  them  plumb,  and  when  the  pen 
becomes  small,  the  fall  should  be  reduced  to  about  5  ft,  the  blows  beinip , 
rapid  succession.  Whenever  a  pile  refuses  to  sink  under  several  blows 
reaching  the  average  depth,  it  should  be  cut  off  and  another  pile  driven  b 
When  several  piles  have  been  driven  to  a  depth  of  20  ft  or  more  and  r 
sink  more  than  H  in  under  five  blows  of  a  i  200-pound  hammer  falling 
is  useless  to  try  them  further,  as  the  additional  blows  only  result  in  b 
and  crushing  the  heads  and  points  of  the  piles,  and  splitting  and  crusl 
intermediate  portions  to  an  imknown  extent. 

Spacing  Wooden  Piles.  Piles  should  be  spaced  not  less  than  2  ft  n 
than  3  ft,  on  centers,  xmless  iron,  wooden,  or  reinforced-concrete  gi 
used.  When  long  piles  are  driven  closer  than  2  ft  on  centers  there  is  dan 
they  may  force  each  other  up  from  their  solid  bed  on  the  bearing  i 
Driving  the  piles  close  together  also  breaks  up  the  ground  and  dimini 
bearing  [)ower.  When  three  rows  of  piles  are  used  the  most  satisfacto 
ing  is  2  ft  6  in  on  centers  across  the  trench  and  3  ft  on  centers  long^ti 
provided  this  number  of  piles  will  carry  the  weight  of  the  building. 
will  not,  then  the  piles  must  be  spaced  closer  together  longitudinally,  01 
row  of  piles  driven;  but  in  no  case  should  the  piles  be  less  than  2  ft  i 
centers,  unless  driven  by  means  of  a  water-jet.  The  number  of  piles  u 
different  portions  of  the  building  should  be  proportioned  to  the  weigl 
they  are  to  support,  so  that  each  pile  will  receive  very  nearly  the  same  1 

Capping  Wooden  Piles.  The  tops  of  the  piles  should  invariably 
off  at  or  a  little  below  low  water-mark,  otherwise  they  will  soon  comi 
decay.  They  should  then  be  capped,  either  with  large  stone  blocks,  or  > 
or  with  timber  or  steel  grillage. 

Granite  Capping.  Wooden  piles  are  sometimes  capped  with  bloci 
I£V£L£RS  which  rest  directly  on  the  tops  of  the  piles.    If  the  stone  do 

*  Sec  Table  XI,  page  204. 

t  The  s  000  piles,  averaging  48  ft  in  net  length,  under  the  Chicago  Post  C 
driven  with  a  steam-hammer  weighing  4  400  lb  and  deliveriog  60  blows  per  wv«i 
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Wbs«f  the  fSe,  or  a  pile  is  a  fittie  low,  it  is  wedged  up  with  oak  or  stone 
m  U  oniing  with  stone  a  sectian  of  the  foundatioa  should  be  laid  out 
IrAvriigs  showins  the  anangement  of  the  capping  stones.  A  single 
pKf  rest  on  ooe,  two^  or  three,  but  not  on  four  piles«  nor  on  three  piles  in 
pl^  Sue,  as  in  the  two  last-mentioned 
fii  ■  pcactkaliy  imposable  to  make  the 
p  bar  evenly.  Fig.  32  shows  the  best 
pnsit  of  the  capping  for  three  rows  of 
^  Coder  dwellings  and  light  buildings  the 
ftt  oftoi  drivm  in  two  rows,  staggered,  in 
fast  each  stone  should  rest  on  three  piles. 
tik  pSks  are  capped,  large  footing  stones» 
fag  in  single  pieces  across  the  wall,  should 
ii  01  cement  mortar  on  the  capping.  Fig. 
BB  a  partial  piling-plan,  with  the  arrange- 
gt  the  cxppmg  stones,  of  the  Boston 
ha  of  Commeroe  Building.  It  may  be 
pt  most  of  the  stones  rest  on  three  piles, 
fray  iew  on  two  piles. 

pMe  CMPing*    In  many  buildings  a  veiy 

ba  nethod  of  capping  is  to  excavate  to  a 

M  z  ft  bdow  the  tops  of  the  piles  and  i  ft 

^  id  them   and    to   fill   the  space   thus 

Med  aoid  with  Portland-cement  concrete, 

hd  m  hfea  and  well  rammed.    After  the 

Ik  B  brons^t  level  with  the  tops  of  the    pig.   83.    Stone   Oipping   far 

jaWrinml  byeis   are  deposited  over  the      Three  Rows  of  Wooden  Piles 

^nithaf  the  foundation  until  the  concrete 

la  depth  of  1 8  in  above  the  piles.    On  this  foundation  brick  or  stone 

p  se  laid  as  on  solid  earth.    If  long  bars  of  twisted  steel,  about  H  in 

ciD  cRKs-sectioa  are  embedded  in  the  concrete  about  3  in  above  the 

|tk  piles,  the  construction  makes,  in  the  opinion  of  the  author,  the  best 

llcapping,  the  twisted  bars  giving  great  transverse  strength  to  the  concrete. 


The  pile  foundations  of  many  buildings  have 
Ilfeber  grillages  bolted  to  the  tops  of  the  piles  and  stone  or  concrete  foot- 
Uoa  top  of  the  grillages.  The  timbers  for  the  grillages  should  be  at  least 
i|o  ia  in  cross-section,  and  should  have  sufficient  transverse  strength  to 
I  the  bad  from  center  to  center  of  piles,  using  a  low  fiber-stress.  They 
|le  bid  bngitudxnaliy  on  tap  of  the  piles  and  fastened  to  them  by  means 
II40IJS,  which  are  pdain  bars  of  iron,  either  round  or  square  in  section, 

ti  into  boles  about  20%  smaller  in  section  than  the  bolts  themselves 
square  bars  i  in  in  section  are  generally  used,  the  holes  being  bored 
l«  anger  for  the  n>und  bolts  and  by  a  ^i-in  auger  for  the  square  bolts. 
siRMild  enter  the  piles  at  least  i  ft.    li  heavy  stone  or  concrete  footings 
nd  the  space  between  the  i»les  and  timbers  is  filled  with  concrete  level 
lops  of  the  timbers,  no  more  timbering  is  required;  but  if  the  footings 
6t  smaQ  stones  and  no  concrete  is  used,  a  solid  floor  of  cross-timbers, 
6  is  thick  for  heavy  buildings,  should  be  laid  on  top  of  the  longitudinal 
asd  drift-bolted  to  them.    Where  timber  grillage  is  used  it  should,  of 
\t  k£pt  entirely  below  the  lowest  recorded  water-line,  as  otherwise  it 
ksxA  aikywjthe  building  to  settle.     It  has  been  proved  conclusively, 
ktlMt  any  kind  of  sound  timber  will  last  practically  forever  U  completely 


TIm  A4*«iiUc«a  of  Timber  OriUag*  *"  tbu  it  a  euily  laid  ind  dh 
baUs  tb«  top*  of  the  pUea  in  plue.  It  alio  tendi  to  ifiatiibute  tbc  p 
;vcialy  ovtr  the  pOts,  ai  the  tzansverae  atzengtb  of  the  timbti  will  hdp  t 


ng.  3S.    PDing-piiD,  Chuabd  of  CuumnreB  BiuIiIbs. 


Jht  load  over  a  single  pile.  wKich  for  some  reason  may  oot  have  the  same 
cHiadty  as  the  othen.     Steel  beimi,  embedded  in  conciete,  are  somctin 
to  diitiibute  Che  weight  ovet  [Nieb.  but  some  other  form  of  construct 
generally  be  employed  at  less  eipsise  and  with  equally  good  results.* 
^Inc  ol  the  ChkagD  P<«t  C 
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Itfiiftmii  fw  WoddMh-Pil«  FMitfiatioft*.    Thik  contnetor  is  to  hn^ 

m^nvi  the  piles  Indioitod  on  sheet  No.  i. 

tpfe  are  to  be  of  scxmd  spruce  (beaalock,  kutg-lcal  ydlow  pine)  perfectly* 

jfelfmB  cad  Id  end,  trimmed  doie^  aad  cut  off  square  to  the  axis  at  both 

\ 

kviK  to  be  not  less  than  6  in  in  diameter  at  the  snail  end,  lo  in  at  the 

^sb4  vhm  cut  off,  and  of  suffidcnt  length  to  reach  solid  bottom,  the  neces* 

ilagk  of  pfles  to  be  determined  by  dfiving  test-piles  in  different  parts  o£ 


Mb  are  to  be  driven  vertically,  in  the  exact  positions  shown  by  the  plan, 
f tley  do  not  move  move  than  5  in  under  the  last  five  blows  of  a  hammer 
Ifal  f  000  lb  and  falling  ao  it.  All  split  or  shattcsed  piles  are  to  be  re- 
bd  a  possbie  and  a  good  one  driven  in  place  of  each  imperfect  one.  la 
liktiesKh  piles  cannot  be  removed  an  additional  pUeis  to  be  driven  for 
iwpifift  one.  II  the  piles  show  a  tendency  to  broom^  they  are  to  be 
idiidivioaght-iion  rings*  a  Hi  in  wide  and  H  in  thick. 
Ufkx  when  driveii  to  the  required  d^h,  are  to  he  sawed  off  square  for  a 
EiftdbsuiBS  at  the  grade  indiqated  on  the  drawing^. 
ptaring  Power  of  Piloa.  In  regard  to  their  use  for  supporting  buildn 
^|fe  nay  be  divided  into  two  classy:  (i)  Those  which  are  driven  to 
|sr  BABD-PAsr,  that  is,  firm  gkavel  or  clay  and  (2)  those  which  do  not 

IHID-PJkN. 

^Aple  bdonpng  to  this  class  when  driven  through  a  sot}  that  is  sufficiently 
likace  the  pile  at  every  point,  may  be  computed  to  sustain  a  load  equal 

fak  BaetaoGe  to  cxusbdng  on  the  least  ciosa-eection.  If  the  surrounding 
fiastic  the  bearing  power  of  the  pile  will  be  its  safe  load  computed  as  a 
Hw  b.viDg  a  length  equal  to  the  length  of  the  pile  when  ca]pped.  Test- 
k^m  on  the  site  of  the  Chicago  Pubfic  Library  Building,  through  27  ft 
i.  pbatic  day,  25  ft  of  tough*  compact  clay  and  9  ft  into  h^rd-pan,  sus^ 
ri  a  bad  of  50t.7  tons  per  pile  for  two  weeks  wtthoot  apparent  settlement. 
isa  asay  instances  where  piles  driven  to  the  depth  of  20  ft  in  hard  clay 
pfiNt  ae  to  40  tons^  and  a  few  instances  where  they  sustain  up  to  So  tons 

I A  pSc  belonpng  to  this  class  depends  for  its  bearing  power  upon  the 
BBK.  ooexstou  and  buoyancy  of  the  soil  into  which  it  is  driven.  The 
kti  br  such,  piles  is  usually  determined  by  the  average  pcnetratbn  o| 
IkwAx  tbe  last  four  or  five  blows  of  the  hammer.  Sqveral  engineers 
ifaBiifcited  rules  for  determining  the  safe  loads  for  piles  of  t^s  class*  but 
Its  9o  many  conditions  that  modi^  the  amount  of  the  penetratioi\  and 
R|ct  dctcmunation,  and  so  many  varying  conditions  of  driving  and  ol 
|lvt  it  is  ooosidered  impossible  to  formgjate  any  rule  that  can  be  considered 
fc^tisfatiory  for  all  the  conditions  under  wiaA  such  piles  are  driven. 

|li||aocfl«g  2Tews  Fecmnla.  The  formula  generally  used  by  engineers 
laied  by  M.  A.  Wellington,  and  is  often  referred  to  as  the  Engineering 
Isbuuia: 

The  safe  load  in  tons  m  2  v>k/  (5  + 1) 


r 


a*  the  weight  of  the  hammer  in  tons; 

ft «  the  height  of  fall  of  the  hammer  in  feet; 
[      5  *  the  penetration  in  inches  under  the  last  blow  or  the  average  under 
i  the  last  five  blows. 

■llssdi  are  based  on  this  formula  the  piles  shouM  be  driven  until  the  pene- 
li^es  not  exceed  the  limit  assumed,  or  if  this  Is  found  to  be  impracticablot 
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new  calcularioni  mast  be  rntde  baaed  on  the  uwlleit  ivenge  peactratii 
can  be  obtiiDed.  and  a  greater  number  o[  [Mlea  used,  la  locaKtiea  wher- 
h  commont;  tis«d  for  foundations,  the  least  penetnlion  that  can  be  o) 
within  practical  limits  oi  length  ot  lale  con  gmerally  be  aacertained  by  o 
tioD,  or  by  ronsulting  somebody  who  is  eiperienced  in  driving  piles.  The 
the  pile  the  less,  as  a  rule,  will  be  the  final  set  or  pcnettutioa.  Where  the 
eiperience  to  suide  one  it  will  be  necessary  to  drive  a  few  piles  to  del 
the  lai«th  of  pile  required,  or  the  least  SEt  for  a  given  length  of  pale. 
piles  will  have  to  be  driven  further  than  others  to  bring  tfaem  to  betu 
equal  rcssiaace.  Wben.tlu  piles,are  to  be  loaded  to  more. than  50% 
assumed  safe  load,  the  final  set  of  each  [nle  should  be  carefully  meaaurec 
inspector,  ti»  Bftoou  and  STLimeia  being  removed  from  the  bead  of  1 
bi  tbe  last  blow. 

Sila  Loads  for  POe«.  Table  X,  computed  by  the  above  formtila,  gl 
safe  kiads  for  different  penetrations,  under  diifereat  falls  of  a  hammer  ti 
J  Ion.  For  a  baiiufx  oy  DtMEBEur  weight  multiply  the  safe  load  in  tl 
by  the  actual  weight  of  the  hammer  in  tons,  llius,  for  a  hammer  *t 
I  aoo  lb,  the  values  in  tbe  table  should  be  multiplied  by  a  and  for  a  : 
hammcTr  by  3i- 


TaUaZ. 

For 

Sat*  Loads  in  Tons  for  PH 

ea 

Panetration 
ol  nils  in 
inches 

Height  of  the  fall  of  the  hammer  in  [«t 

3 
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to 
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18 

» 

« 

I. so 

3. so 
3. so 
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It 
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16. 1 

1 
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»3 

s 

6 

3 
9 
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Example  of  CompataHoni  for  POe  Foundation.  .Suppose  that  ft 
obsetvations  of  the  pilc-diiving  for  an  adjacent  building  it  is  found  tl 
driven  from  10  to  30  ft  take  a  set  of  1  in  under  a  1 100-lb  hammer  fallii 
and  that  additional  blows  result  in  about  the  same  set. 

From  Table  X  we  find  that  the  si(e  toad  for  a  fall  of  10  (t  and  a  1 
tion  of  I  in  is  ao  tons.  MuldplyinR  by  the  weight  of  the  hammer  in  ti 
we  have  1 1  Ions  as  the  safe  load  per  pile.  Suppose  that  the  total  lo 
Un  ft  of  footing  is  13  tons.  As  we  must  have  at  least  two  rows  of  pw 
each  two  piles  will  support  34  tons,  it  follows  that  the  spacing  of  i 
longitudinally  should  be  34/13  -  i  ft  10  in.  As  this  is  too  close,  we  ahi 
three  rows  of  fHa,  spaced  1  ft  apart  laterallyi  and  the  Iw^tudioAl 
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is  be  36/13  *  2  ft  9  in.    The  width  of  the  Cftppiog  would  be  about 
B  the  load  on  the  piles  under  the  interior  columns,  for  example,  is  105.8 
<fivided  by  12,  the  safe  load  for  one  pile,  gives  nine  piles,  or  three  rows 
piles  each,  wfaidi  should  be  ^Miced  2  ft  6  in  apart^  each  way. 

Adaal  Loads  on  Wooden  Pile*.    The  following  examples  of  the 
hxli  supported  by  piles,  under  well-known  buildings,  and  of  loads  which 
kic  bone  for  a  short  time  without  settlement,  should  be  of  value  when 
hmg  pile  foundations. 
msoBL   At  the  Southern  Railroad  Station  three  piles  were  loaded  with 

I  Co  tons  of  pig  iron,  30  tons  per  pile,  without  settlement.    The  allowed 

ti  10  tons  per  pile. 
12  in  in  <fiauneter  at  the  butt  and  6  in  at  the  point,  driven  31  ft  into  hard, 
diy  near  Haymarket  Square,  failed  to  show  movement  under  30  tons, 
Ihiufi  load  baog  probably  60  tons.*    Other  piles  driven  17.9  ft  sustained 

II  if  31  Ions  each.    The  average  penetration  under  the  last  ten  blows  of  a 
A  burner  fiallins  from  9  to  12  ft  varied  from  0.4  to  0.95  in  per  blow  for 

b  i5  ft  long  under  the  Chamber  of  Commerce  Building  penetrated  about 
■der  tbe  last  blow  of  a  2  ooo-lb  luunmer  falling  about  15  ft. 

kmol   In  the  Public  Libimry  Buflding  the  piles  were  proportioned  to 

as  eadi  and  were  tested  to  50.7  tons  without  settlement. 

Ae  SdiiDer  Building  the  estimated  load  was  55  tons  per  pile;  the  building 

ibxmiH  to  2H  in. 

Ik  PiascQser  Station  of  the  Northern  Pacific  Railroad,  at  Harrison  Street, 

J)  ft  long  were  designed  to  carry  25  tons  each  and  did  so  without  per- 

Ik  aettioncnt. 

e  Alt  Institute  Buikfing,  parts  of  the  Stock  Exchange  Building  and  also 

^  mnber  of  warehouses  and  other  buildings  on  the  banks  of  the  river 


«  YouL  City.  The  Ivins  (Park  Row)  Building  is  supported  by  about 
>144b  sprace  piles,  arranged  in  dusters  of  fifty  or  sixty,  for  single  columns. 
I  corre^xHiding  nmnber  under  pieis  supporting  two  or  more  columns. 
fkt  wat  driven  to  refusal  of  i  in  under  a  20-f t  fall  of  a  2  ooo-Ib  hammer. 
Ueritl  IS  fine,  dense  sand  to  a  depth  of  over  90  ft.  But  few  piles  could  be 
t  BRie  than  15  or  20  ft.  The  average  maximum  load  per  pile  is  9  tons.f 
^Anerican  Tract  Society's  Building  is  supported  on  piles. 
MUXYK.  Piles  under  the  Government  Graving  Dock,  driven  32  ft,  on 
cage,  into  fine  sand  mixed  with  fine  nuca  and  a  little  vegetable  loam,  are 
fed  to  sustain  from  10  to  15  tons  each. 

vOkixans.     Piles  driven  from  25  to  40  ft  into  a  soft  alluvial  soil  carry 
inei  15  to  25  tons,  with  a  factor  of  safety  of  from  6  to  S.X 

iCoit  of  Driving  Wooden  Pflet.  |  The  cost  of  driving  piles  naturally  varies 
kt  fiaraftrr  of  tbe  soil,  and  tbe  conditions  under  which  they  are  driven. 

irTotK  Ctrr.  A  3  500-Ib  drop-hammer  drove  4  piles  per  day  of  10  hours. 
iHaa-haniiiier,  13  pilea  per  day  were  driven,  for  the  same  foundation. 
^  VCR  70  ft  long.  S  in  in  diam  at  the  point  and  15  in  at  the  head. 
jwujgL  €Oit  of  driving  800  piles  with  the  steam-hammer  waa  $2  each.  In 
U  Harbor  i  800  piks  wtn  driven  by  a  steam-hammcf,  from  24  to  26  ft 
and  hanHMUB,  at  a  oost  of  So  cts  each. 

I  J.  Howe,  American  ArehHect,  June  xi,  1898. 

of  this  foiukbtioii,  see  the  Engiaeerii^  Record  of  July  23,  1898. 


axe  DOW  (1920^  coDsidenbly  higher. 
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CsiGAOO.  Forty  Norwiiy^puie  piles  wore  driven  by  a  finn  of  oonti 
15  ft  deep  eveiy  ten  hours  at  a  cost,  for  driving,  of  55  cts  each.  Anothc 
drove  from  60  to  6$  piles,  each  45  ft  long  and  15  ft  deep,  into  hard  sand  eM 
at  a  cost  of  about  30  cts  each.    In  both  cases  steam-hammers  were  used.' 

Boston-.  Spruce  piles  from  30  to  45  ft  long  cost  from  S3  to  $5,  in 
Long-leaf  yellow  pine  piles,  as  long  as  70  ft,  cost  about  $15  apiece  for  thi 
themselves,  and  $2  or  more  each  for  the  driving.  Oalc  piles  from  40  tc 
long  cost  from  $8  to  $10  each,  in  place.t 

Soflfte  Oth«r  R^ftreacM  to  Wooden  PU«8  and  Pfle-Driiins.    ^ 

taluable  paper  on  "Some  Instances  of  Piles  and  Pile-Driving,  New  and 
by  Horace  J.  Howe,  was  published  in  the  American  Architect  and  Rolldinig 
comxAendhg  June  11,  1898.  The  paixr  recocds  a  great  many  tests  aad 
several  formulas  and  many  experiences  of  distinguished  engineers.  Pal 
Building  Construction  and  Superinteiideaoe,  by  F.  £.  Kidder,  gi^^es  add 
information  in  regard  to  pile  foundations  and  experiments  on  tbe  be&rios 
of  piles.  Much  valuable  information  on  piles  is  given  in  '*A  Practical  T 
on  Foundations,"  by  W.  M.  Patton.  The  recent  Engineers'  Handbook: 
should  be  consulted  for  additional  data. 

28.  Coiicrelt»Pile  F««iidati#tts 

Dnrability  of  Wooden  ^d  Concrete  Piles.  Concrete  piles,  eith«] 
or  reinforced,  possess  many  advantages  over  wooden  piles  and,  in  genen 
be  used  in  all  places  where  wooden  piles  can  be  driven.  Concrete  pfles 
pared  with  wooden  piles,  have  primarily  the  advantage  of  greater  pc&ieai 
Timber  piles,  kept  constantly  wet  and  protected  from  the  action  of  the  t 
or  other  destructive  influences,  may  be  practically  everlasting,  but  can 
counted  upon  above  water  levd;  whereas  concrete  piles  should  be  proof  1 
all  deteriorating  actions,  whether  wet  or  dry,  except  the  action  of  irett 
wet  concrete. 

Strength  of  Wooden  and  Concrete  Piles.  Concrete  piles  withou 
forcement,  if  made  of  good  concrete,  should  have  nearly  the  same  cxi 
STRENGTH  per  square  inch  as  onfinary  yellow-pine  piles,  and  with  pi 
placed  reinforcement  concrete  piles  should  have  a  much  higher  crushing  st 
per  square  inch  than  timber  piles.  Moreover,  timber  piles  do  not  hav 
YORM  CROSS-SECTIONS.  For  instance,  a  slender  timber  pile  40  ft  in  leng 
12  in  in  diameter  at  the  butt,  is  probably  not  over  6  ill  in  diameter  at  the 
In  direct  compression  the  load  on  a  point-bearing  pile  of  the  above  dinu 
is  limited  to  the  safe  load  on  the  point  of  the  pile,  where  it  is  6  in  in  die 
and  a  cylindrical  concrete  pile,  12  in  in  diameter  and  under  similar  com 
will  have  a  cross^ection  of  1x3  sq  in  at  all  points,  compared  with  the 
section  of  28  sq  in  at  the  point  of  the  timber  pile.  Moreover,  if  yre  o 
both  piles  as  txivfo  columns,  it  must  be  borne  in  mind  that  a  timber  pile  ti 
be  straight  and  that  it  may,  therefore,  be  subject  to  stresses  and  oerona 
due  to  ECCENTSxc  LOAOINO,  which  are  avoided  in  a  straight,  concrete  pit 

Reinforoed^Cencrete  PUee.  In  practice  concrete  piles  ate  genenfl 
forced,  and  if  a  pile  is  to  be  considered  as  a  long  column  the  rdnfocoetiMa 
be  increased  at  the  center,  so  as  to  provide  for  stresses  due  to  handlmg 
its  acting  as  a  long  column.  The  concrete  piles  may  be  fonned  cm 
above  ground,  in  which  case  they  may  be  straight  or  tapered,  whh  3Qua 
eular  or  other  cross-sections.    The  reinforcement  may  consist  of  a  nxus 

*  Amerieaft  Ardrkect.  June  4.  '896.  piige  78. 

t  Geotge  B.  Frands.  in  American  Architect,  Jxiiy  33. 1898. 
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pi  nds  ftatssaBy  disposed  symmetricfilly  around  the  ftxb  M  the  pfle.  The 
■il  lodi  sbottkl  be  connected  by  hornoatal  wiring  or  by  spiral  reioiorcement. 
bm  stated,  the  relnforcenieiit  may  be  increased  at  the  central  section  so 
h  pnvide  against  stxesses  due  to  the  use  of  the  pile  as  a  lono  colukk,  in 
B  ose  the  additional  ranforcenaent  should  be  placed  near  the  periphery 
kt 


turn  ef  Concrete-Pile  Reinforcement  There  are  many  types  or  rein- 
pBfZ.  one  method  even  emplosring  a  woven-wire  fabric  which  is  laid  out 
^fttafafe  and  covered  with  a  thin  layer  of  concrete,  the  entire  mat  coo^tfising 
pJR  tibric  and  the  concrete  being  then  rolled  into  a  solid  cylindrical  form 
Id^  eba  set,  forms  the  finished  pile.  The  concrete  piles  may  be  vomced  in 
KE  kf  any  one  of  several  different  methods. 

fti  l«ymood  System  of  Concrete  Piling.  In  this  Q^em  of  concrete 
^  «  pemoanent  form  is  provided  for  each  pile.  The  Raymond  ^stem 
Bts  of  a  collapsible  steel  mandrel  or  core^  tapering  from  8  in  in  diameter 
k  pent  at  the  rate  of  0.4  in  per  foot  in  len^h,  until  in  a  length  of  37  ft 
^aeter  equds  23.2  in.  Upon  this  expanded  mandrel  or  core  is  placed 
inly  teiiiforced  dkcet-metal  ^ell,  the  reinforcement  of  which  is  grooved 
lie  aKtal  on  34n  centers  the  entire  length  of  the  core  or  pQe.  This  rein- 
■est  imparts  rigidity  and  stiffness  to  the  shell,  renders  **c  capable  of  with- 
ihg  'my  severe  sofl-pressore  and  prevents  admixture  of  foreign  substances 
the  green  concrete.  The  combined  mandrel  and  shell  is  driven  into  the 
pAtoi  proper  refusal;  the  mandrel  Is  then  collapsed  and  withdrawn  from 
M,  lea\1og  the  shdl  permanently  in  the  ground;  and  the  interior  of  the 
Nr  fxm  is  then  inspected,  and  when  perfect  from  tip  to  top,  is  filled  with 
^ooaatte.  Thus  the  pile  is  comi^eted.  The  extreme  taper  of  the  shell, 
Ifaed  with  the  Mctkm  between  the  ahett  and  the  sunoendkig  soil,  faicreascs 
aayio§  capacity  o<  the  pile.  The  safe  load  on  a  Raymond  pile  varies 
iiStajotoiia. 

li  Steplex  Methed  of  Forming  Concrete  Pile*  in  Place.  Tbx  Soiflex 
■d  diffcfs  from  the  Raymond  method  and  may  be  briefly  described  as 
pi:  A  sled  pipe,  generally  cylindrical  in  form,  of  the  required-  size  and 
lud  Stted  with  a  detachable  cast-iron  conical  dkiving-foint»  is  driven  into 
M&d  to  the  required  depth;  the  pipe  is  then  partially  filled  with  concrete. 
iBB-£ke  PLUXGER,  smaller  in  diameter  than  the  inside  diameter  of  the 
k  tiaen  placed  on  the  concrete  and  the  pipe  is  partially  withdrawn,  leaving 
iftriug-point  and  part  of  the  superimposed  concrete  in  the  ground.  This 
ia  B  repeated  until  the  pile  is  built  up  to  the  lequired  height.  In  cer- 
■tcrial^  instead  of  using  a  detachable  driving-point,  the  driving-point 
lief  two  jaws  hinged  to  the  tower  end  of  the  pipe,  so  arranged  that  while 
I  tile  driving  they  form  a  driving-point,  when  the  pipe  is  withdrawn  they 
had  form  an  extension  of  the  cylindrical  pipe.  In  other  words,  the  jaws 
BKd  of  steel  plates  previously  bent  to  the  same  radius  as  the  radius  of 
1^  and  so  hinged  that  when  they  are  in  their  open-position  the  plates 
H  the  jaws  coosltitute  an  extension  of  the  cyUndricai  suriace  of  the  pipe. 
that  plain  roniordng-bars  can  be  placed  in  position  before  concrete 
thepipe. 

lor  Concrete  Pilot  BeOt  fn  Place.    Care  should  be  taken  in  design- 

the  reinfordng  for  all  concrete  piles  built  in  place,  that  the 

placing;  Of  the  concrete  does  not  throw  the  reinforcement  out  of 

and  that  all  voids  between  the  reinforcement  and  the  shell  are  com- 
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The  Pedestal  Pile  is  designed  to  give  an  £Nlasg£D  cftoes-SEcnoN  i 
base  of  the  pile.  The  method  is  similar  to  that  of  the  Raymond  methoi 
increase  in  diameter  being  obtained  as  follows:  After  the  pipe  has  been  di 
the  driving-core  is  withdrawn  and  the  pipe  partially  filled  with  concrete, 
the  concrete  in  the  pipe  is  rammed,  forcing  the  concrete  out  of  the  pipe  and 
pressing  the  material  below  the  pipe,  so  that  the  concrete  is  forced  into  th 
A  repetition  of  this  operation  results  in  forming  a  base  or  uusHROOif  belo 
pipe  larger  in  diameter  than  the  diameter  of  the  pipe.  Finally  the  pipe  is 
drawn,  the  filling  and  ramming-operations  continuing  meanwhile,  until  th 
is  carried  up  to  the  required  height. 

Composite  Piles.  Protected  piles,  for  use  in  localities  where  the  ti 
affects  the  life  of  timber  piles  under  water,  are  composed  of  timber  piles 
concrete  coatings  held  in  position  by  steel  reinforcements  in  the  shape  of  exp 
metal  or  wire  netting.  Such  piles  are  to  be  considered  as  timber  piles  i 
than  as  concrete  piles. 

Timber  Piles  with  Concrete  Caps.  In  some  localities  where  the  perm 
water-level  is  considerably  below  the  level  of  the  required  excavation,  t 
piles  have  been  driven  with  a  follower,  the  follower  consisting  of  a  stee 
or  cylindrical  shell.  When  the  head  of  the  pile  is  driven  to  a  sale  dis 
below  low  water  the  pipe-follower  is  filled  with  concrete  and  withd 
leaving  the  concrete  pier  resting  on  a  timber  pile.  This  composite  pile  ' 
appear  to  possess  the  advantage  of  axnbining  the  cheapness  of  a  timbc 
below  the  water-level  with  the  permanency  of  a  concrete  pile  above  the  i 
level.  Great  care,  however,  should  be  used  in  adopting  this  method  cm  ac 
of  the  difficulty  of  securing  proper  connection  between  the  concrete  an 
wooden  pile. 

The  Methods  used  in  Driving  Buflt-up  Piles  are  pracdcaUy  the 
as  are  used  in  driving  wooden  piles,  except  that  a  cushion  of  wood,  r<Q 
other  material  is  placed  on  the  head  of  the  pile  to  be  driven  to  cushion  thi 
of  the  hammer.  Steam-driven  or  air-driven  reciprocating  hammers  arc 
erable  to  the  ordinary  drop-hammers.  In  stiff  materials  the  use  of  a  in 
JET  is  advisable  and,  in  fact,  in  many  cases  indispensable.  In  lifting  co 
piles  use  is  made  of  a  special  sung  which  is  attached  to  a  pile  at  two  f»ointi 
point  one-quarter  of  the  length  of  the  pile  from  the  end.  The  sling  shou]< 
a  SPREADER  so  that  the  stress  due  to  the  obliqiie  pull  of  the  chaiit-si. 
taken  up  by  the  spreader  rather  than  by  the  inle. 

The  Casting  of  Concrete  Piles.  G>ncrete  piles  should  be  cast  c 
PIECE  by  a  continuous  operation  so  that  there  will  be  no  plane  of  wtea 
formed  between  partially  set  concrete  and  fresh  concrete.  They  may  fa 
either  in  a  vertical  position,  in  forms,  or  in  a  horizontal  position.  Squa 
tion  concrete  piles  have  been  cast  in  a  horizontal  position  and  side-formS) 
used,  the  previously  cast  concrete  pile,  protected  by  paper,  forming  the  fa 
form.  In  some  cases,  where  it  is  intended  to  use  a  water- jet  in  sinkioic 
the  latter  is  cast  around  an  iron  pipe  which  is  afterwards  used  for  the 
jet.  In  general,  however,  this  is  dispensed  with  and  an  external  deta 
pipe  used  for  the  water-jet. 

Incidental  Advantages  of  Concrete  Piles.  In  many  cases,  where  ex 
piles  are  more  expensive  than  timber  piles,  the  saving  in  excavation  aiui 
ings  more  than  offsets  the  increased  cost.  For  example,  if  the  excavati 
the  cellar  of  a  building  does  not  go  down  to  water-level,  the  use  of  timbe 
will  necessitate  excavating  down  to  a  point  below  water-level  in  order  th 
piles  may  be  cut  off  low  enough  to  keep  their  heads  always  wet.     Co 
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il^  bvever,  caa  be  driven  from  tiie  level  of  the  bottom  of  the  cell&r-ezcava- 
i  iad  this  additional  excavation  and  the  necessary  constniction  between 

tntion-levd  and  the  level  of  the  cut-off  for  the  timber  piles  thus  avoided. 
s,  as  one  conoete  pile  may  have  a  supporting  power  equal  to  the 
Ipvtbg  power  of  four  wooden  piles,  the  size  of  the  footings  will  be  much 
iitr  with  concrete  piles  than  with  wooden  piles. 

faipniaoa  of  Wooden  and  Concrete  Pilei  under  Piers.  The  footings 
ri  oDSimin  or  pier  24  in  sq  in  section,  requiring  for  its  support,  say,  sixteen 
■del  pileSk  spaced  2  ft  6  in  from  center  to  center,  will  be,  allowing  for  slight 
piidcs  iadDvinc^appiaxifiiately  ao  ft  squaBe,tthe  pcoiections  beiag>4  ft 
md  the  sue  of  the  base.  Such  a  footing  will  ordinarily  require  a  steel 
m^  or  rdnforced-concrete  base,  or,  if  made  of  ordinary  concrete,  will  be  of 
||f CDBaderable  depth;  whereas,  if  four  concrete  piles,  placed  3  ft  from  center 
iBBter,  aic  used,  instead  of  wooden  piles,  the  area  of  the  base  will  be  a  little 
rift  square  and  the  projection  will  be  only  i  ft.  A  suitable  footing  would 
IBt  df  a  mnforced-concrete  cap  not  over  2  ft  in  thickness.  The  saving  in 
laf  excavation,  concrete  and  steel  in  the  footing  is  all  in  favor  of  the  use 
Hcrete  piles. 

BiKrfte  Piles  nnder  Walls.  In  the  case  of  a  continuous  wall,  where  the 
{I  per  Gaear  foot  of  wall  b  not  great,  a  single  row  of  concrete  piles  is  often 
UesI'  to  support  the  weight  of  the  wall.  In  such  cases,  the  piles  should 
tk  pbced  in  straight  lines  but  should  be  staggered,  and  a  suffideot  footing 
Hi  be  coostracted  connecting  the  heads  of  the  inles,  so  as  to  afford  stability 
«B«aa. 

be  Medied  Employed  In  Calculating  Reinforcement  for  Concrete 

hi  is  the  same  as  that  employed  in  calculating  ordinary  reinforced-concrete 
taisi,  the  only  difference  tieing  that  where  a  pile  is  not  point-bearing,  but  is 

Eon  the  surrounding  material  for  its  support,  it  need  not  be  considered 
coLXJUK.  Point-bearing  piles  deriving  their  support  from  some 
rial  on  which  their  lower  extremity  rests,  must  be  considered  as  long 
BDcs,  on  the  assumption  that  the  material  surrounding  the  piles  may  fail 
hppoit  them.  In  the  case  of  friction-piles,  depending  for  their  support 
ft  the  surrounding  material,  this  assumption  cannot  be  made,  as  any  failure 
bemterial  will  involve  a  settlement  of  the  pile.  It  should  be  borne  in  mind 
laay  stmcture  supported  on  piles  supported  by  skin-sriction  is  dependent 
b  stabflity  upon  the  continued  supporting  power  of  the  material  surround- 
0t  piles.  In  many  cases  buildings  resting  00  piles  driven  into  soft  gsoand 
Battled  as  the  result  of  the  consolidation  and  settlement  of  the  material 
SBa£cg  the  piles»  notwithstanding  the  fact  that  the  piles  when  driven  were 
p^abie  to  suf^wrt  the  loads  for  which  they  were  designed. 

iaP^  POes  with  Concrete  or  Retnf  orced-Concrete  Filling  have  been 
lb  place  of  wooden  or  concrete  piles,  especially  in  underpinning- work. 
nbicction  to  the  use  of  such  piles  is  that  the  iron  pipe  forming  the  external 
Nay  rust,  in  which  case  the  strength  of  the  pile  is  reduced  to  the  strength 
Ir  concrete  filling  and  the  reinforcement  contained  therein.  The  writer 
that  they  should  not  be  used  for  permanent  work. 

Allowed  on  Concrete  Piles.    The  building  laws  of  most  cities 

oncreCe  piles  from  350  to  500  lb  per  sq  in  on  the  concrete  plus  from 

7  500  lb  per  sq  in  on  the  vertical  reinforcement.    On  this  statement 

appear  possible  to  design  a  short  concrete  pile  12  in  square,  on  which 

load  would  be  100  tons,  and  it  is  possible  that  such  a  pile,  tested 

coLUioi,  would  develop  in  a  testing-machine  a  strength  justifying 
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the  use  of  such  construction;  but»  beanng  m  mind  that  the  character  o 
support  for  the  base  of  such  a  column  is  underground  and  cannot  be  inspc 
and  bearing  in  mind  also  the  uncertainties  attending  the  manufacture  o 
pile,  it  is  evident  that  it  would  be  improper  to  load  a  pife  to  this  extent  in  pra 
It  would,  however,  be  considered  good  practice  to  load  concrete  piles  up  to 
third  of  a  test-load  applied  to  not  less  than  3%  of  the  piles  used.  In  ord 
practice,  seinforced-concrete  piles  are  loaded  u^  U)  50Q  lb  per  sq  in  of  com 
tion. 

7$,  Fouadation  Piers  tauA  Feondatloa  W«llf 

Foiindation  Piers  and  WsHs  as  distinguished  from  ordinary  cellar 
and  WALLS,  extend  from  the  level  of  the  underside  of  the  cellar-floor  to  ro 
other  solid  foundation-bed.  (See  page  129,  Subdivision  z,  and  also  Cli 
m,  pages  228-9.)  In  genera],  such  piers  and  walls  are  composed  of  coi 
and  are  of  such  dimensions  that  the  safe  unit  loads  on  the  concrete  fa 
them  are  not  exceeded.  If  the  foundation-bod  b  rock,  compact  hard-pi 
gravel,  there  need  be  little  or  no  enlargement  of  the  base  of  the  pier  or  wi 
the  safe  unit  loads  on  such  natural  foundation-beds  are  generaUy  equal  1 
safe  unit  loads  on  the  concrete  forming  the  body  of  the  pier  or  wal!.  The  < 
of  sudi  piers  and  walls  is  therefore  an  entirely  simple  matter  governed  I 
prindpkn  already  outKned,  and  by  certain  considerations  mentioned  hen 

TlM  Mstfayods  used  tn  tha  Coastmcttoa  of  Fs«a4atloii  Pton 

Walls  are,  however,  necessarily  varied  to  suit  different  materials  and  to 
different  conditions  encountered,  and  the  design  of  a  pier  necessarily  diffec 
diffevent  methods  of  construction.  For  example,  if  the  construction  is 
executed  by  means  of  the  ordinary  sbeet-piung  iCETa(»,  piers  and  wal 
have  in  general  rectangular  outlines.  But  if  the  Chicago  uethod  or  the 
iiATic  CAISSON  is  employed,  it  will  generally  be  cheaper  to  use  piers  hai 
drcular  cross-section  and  the  support  for  waHs  may  be  a  succession  of  cyl 
rather  than  continuous  walls.  The  detailing  of  the  concrete  structure  < 
tuting  the  piers  or  walls  is  simple  after  a  determination  is  made  of  the  mi 
by  which  the  construction  is  to  be  put  in  place.  This  subject  is  discussed 
following  chapter-subdivision,  Methods  of  Excavating  for  Foundations. 

St.   Methods  of  £zcaT«tiag  for  FoundaUoas 

Sfanplo  tmd  Complex  Bxcsrotioiis.  Excavations  In  earth  for  food 
walk  and  piers  may  vary  from  simple  trenches  and  pits  of  the  requiro 
and  depths  to  accommodate  the  footings,  up  to  deep  subaqueous  exca\' 
requiring  all  the  resources  of  en^neering  diill. 

The  Sides  of  EzesTttions.  If  the  earth  is  firm  and  the  depth  not  en 
the  sides  of  the  excavation  may  be  self-supporting,  in  which  case  the  exca 
may  be  made  the  neat  size  of  the  footing  and  the  sides  of  the  excavatio 
take  the  place  of  forms  for  the  concrete  deposited  to  form  the  footing, 
the  excavation  is  deep,  and  especially  where  the  earth  is  not  firm,  the  s 
the  excavation  must  be  sloped  or,  if  made  vertical,  must  be  supported  by  \ 
or  by  tome  form  of  sheet-piling.  W^re  the  excsTation  is  o«ver  8  ft  in  A 
will  generally  be  cheaper  to  support  the  sides  of  the  excavation  than  ti 
them.  Where  the  excavation  a4ioins  a  property4ine  it  will  generally  hi 
visable  to  slope  the  excavation  on  account  of  damage  to  the  adjoining  pn 
and  in  such  cases  it  will  be  necessai:>*  to  use  sheeting,  even  if  sloping  thi 
would  be  gheapet. 
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in  many  cases  will  serve  to  support  tlie  sides  of  the  excavation  with- 
[Ac  aeoeasity  of  dose  sheeting.  The  bracing  may  consist  simply  of  short 
Ns  of  vukHK  placed  a^nst  opposite  sides  of  the  excavation  and  held  in 
}6m.  bf  Ikxiaontal  timber  sntUTS  secured  by  wedges;  or,  especially  in 
Ibv  ti?iirkr%  some  fonn  of 

iCESSIBLE    SEWES-BRACE 

rbenied.    1%.  34  repie-  '  ■  '*r\ 

k  t  ami  loon   of    EX-  l  Lg^r- 

PHZ  BEACE.     Generally,  1  I9H 

met,  the  ades  ol  an  ex-  I  | 

Mioa  mU  not  stand  with,  a  N 

Ibl  fact,  ewn  if  bratxd  in  ^ 

IBvoa,  for  any  length  of  Fig.  34.    Extensible  Brace  for  Narrow  Excavations 

PI  and  if  the  material  is 

it  aad  or  soft  day,  such  bradng  is  entirely  inadequate.    In  such  cases, 

I  ia  fact  generally,    some  form  of  continuous   sheet-piumg   must  be 

kficaxy  Wooden  Sheet-Piling  consists  of  a  continuous  lane  of  vertical 
ab  bdd  against  the  sides  of  the  excavation  by  horizontal  timbers  known  as 
MES,  WAixNG  or  jniEAST-TiHBEES,  these  wales,  or  breast-dmbers  being  in  turn 
pBted  either  by  csoss-braces  extending  across  the  excavatbn  to  an  oppo- 
inl  or  side  of  the  excavation,  or  by  inclined  struts  known  as  shores  or 
BDLS,  extending  to  the  bottom  <^  the  excavation  where  heels  or  inclined 
fass  are  sunk  in  the  undisturbed  material  to  afford  points  of  support. 

I*th-Preis«re  en  Sheet-Piling.  The  load  on  the  sheeting  due  to  the 
Dt-RSsscmE  may  be  calculated  on  the  assumptions  made  for  the  design  of 
iBBac-wALLs,  but  tbe  thickness  of  the  sheeting  planks,  the  siaes  and  spacing 
he  Ineast-pieoes  and  braces,  il  %ured  on  this  basis,  will  in  general  exceed  th^ 
f  cnstintly  used  with  success  and  safety  in  such  work.  The  probable  reason 
Ab  is  that  an  earth  bank,  when  steadied  and  in  part  supported  by  the  sheet- 
.Ibs  not,  for  a  considerable  time,  k>se  the  cohesion  between  its  particles 
mi  to  most  earth  banks  in  their  original  and  undistufbed  state.  Or,  in 
svords,  under  these  conditions  no  real  angle  of  FkicxiONift  developed  in 
•rtiHnass.  Local  experience  and  practice  should  be  consulted  and  will 
Mif  serve  as  a  guide.  Earth  banks  apparently  similar  will,  however,  act 
rdiioently  and  no  general  rule  can  be  given.  It  should  be  borne  in  mind 
Idle  earth  composing  a  bank  should  be,  as  far  as  possible,  protected  from 
tiie  action  ol  water  and  from  alternating  freeaing  and  thawing;  and 
work  should  be  completed  as  npidly  as  possible  so  as  to 
I  the  deteriorating  effects  of  time  and  exposure  on  the  structure  of  the 

of  the  Sheeting  Plinks  required  may  be  calculated  on  the 

that  the  earth  bank  is  composed  of  loose  material  having  a  definite 

or  sope  and  coefticient  of  friction;  but  practically,  under  favorable 

2-in  pianks  may  be  used  for  a  depth  of  drive  of  i6  ft,  3 -in  planks  up 

and  4-in  planks  up  to  3a  ft;  and  timbers,  8  by  12  in,  have  been  driven 

to  a  depth  61  over  fO  ft. 

ts4  Hmnbert  of  Brhres.    Ordinarily  the  depth  to  which  a  ptank 

driven  is  limited  by  its  abiRty  to  resist  the  shock  due  to  driving,  and  in 

material  a  plank  may  become  shattered  before  it  is  driven  to  the 

depths.    If  the  required  depth  cannot  be  reached  by  the  first  planks 

a  seoood,  and  sometimes  a  third  and  fourth  set  of  planks  are  employed. 

supporting  the  first  line  of  ptanl^  must  remain  in  place. 
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the  planks  In  tbe  secoad  set  ot  dkive  luve  to  be  placed  ioude  of  the  b 
tiecea.  thui  ledudog  the  size  of  the  eicavatioa  by  the  amount  of  Uve  aece 
offset.  Where  more  than  one  drive  is  required  tlie  first  drive  should  be  st 
at  a  sufBdent  distance  outside  lo  allow  the  pUnka  forming  Ibe  second  o 
second  and  Ihird  drives  to  be  placed  outside  of  the  required  aic«  for  the 

Cnttiiis  and  FlttioB  Shaetlss  Planfci.  The  sfaeeting  planks  ma 
GQCABE'EDOED  Where  there  is  no  water  or  fine  loose  sand,  but  where  i 
or  running  sand  is  to  be  excluded  the  planks  should  be  Tonct^ED 
GROOVED,  or  SPUNED.  The  use  of  tongued  and  grooved  planks  ha: 
additional  advantage  that  the  planks  are  more  readily  kept  in  line. 


usual  to  cut  the  bottom  edge  of  each  plank  on  a  slight  angle,  so  that  in  dr 
it  is  WEDCED  against  the  preceding  plank.  The  topot  each  plank  may  be  I 
to  receive  an  iron  drivinocaf;  or.  if  this  is  not  used,  the  upper  corners  o 
ptank  should  be  cut  ofi  so  that  the  effect  of  the  blows  will  be  conccnti 
along  its  vertical  mis.  and  the  tendency  of  the  plank  to  SPUI,  due  to  a 
on  one  corner,  thus  diminished. 

The  Hvani  Emplorad  for  Drlflne  tlw  Shsatliic  vary  with  th«  d 
and  the  size  of  the  sheeting.  For  small  jobs  and  for  moderate  depll 
drive,  the  primitive  method  of  bhiving  hv  hand  with  ringed  wooden  K 
still  prevails.  For  work  involving  a  considerable  amount  of  driving,  and  i 
cases  for  long  drives,  poweb-hamuebs  driven  either  hy  steam  or  compresse 
are  preferably  employed.  A  small-sized  power-hammer  Ifig,  35)  resemb 
Si£AM-DBiLL  aud  may  be  handled  by  two  or  three  men  without  aoy  specUl  lil 
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t^""-   TbclarKCTSuesof power4>nimers(Pgs.3eBnd37)ir«piac[)c>ny 

■I  pma.  (dfe-driving  hammen  airanged  with  >  spccul  DRiVInO-Head  to 

itt  •btttios  ODployed.     Sucb  hammers  arc  handled  by  dekucks  or  are 

■Kd  in  a  fnnie  similsr  lo  a  pjte-drivcr  frame.    Ordinary  drop-Uahueks 

KwrtiiBn  used,  but  are  nM  as  advantajjeous  as  the  SECIPlOCAnHG  POWER- 

Mau.  IS  the  blow  struck  by  the  drop-hammtf 

ton  the  plank,  while  the  frequent  light  blow) 

Ifc  ;oiKI-haininer  lend  to  keep  the  planlu  and 

kiQuait  material  in  motion  and  accomplish  th= 

hnd  work  with  leu  damage  to  the  sheet-[xling. 

■n^fati  and  (Umcnaons  of  several  types  o(  pile- 

brai  iiumkers  are  given  in  Table  XI,  page  304. 

Inner  s(  DiiTinE  Sheetiiig  mei.    In  prac- 

■I,  1  ^llow  excavation   is  first  made  to  the 

Wfe:  ioc  for  the  outddc  of  the  sheeting  planks. 

k  Of  tUAst-iniBEit  is  temporarily  secured  in 

hcciKl  the  lower  end  of  the  planks  placed  be- 

■a  lib  timber  and  the   bank.     If  the  planks 

t  knj.  tempotary  top  guides  or  stay-braces  are 


o  the 


The 


BH.  och  plank  being  drivca  a  Itv  inches 
H.  As  Ibe  driving  goes  on  (he  malerial  unc 
I  Ina  rd^  of  the  ptanks  is  loosened  nilh 
md  or  Bith  a  crowbar,  the  operation  bdng 
t  the  plank! 


I  progresses- 


Fig.  37.    Luie-iiie    Pomer- 


'v^ied  braces  arc  to  be  used  the  t 

taori  a  taken  out  hrst,  leaiHng  a  sloping  bank 

(■«  the  ^des  of  the  excavation. 

'  thr  [ifaicing  of  the  inclined  braces 

A  fci  ibeii  points  of  support  before  there  is  any 

^ci  U>  ihe  bank.      After  the  first  hreast-inece 

i  iti  incEned  brace  are  set  in  place,  the  second 

'■^Hcqiait  breast-pieces  and  braces  are  put  ir 

Ike  aavitioD  proceeds- 

■nt-KHnc  for  EicaTationi  Below  Water-       iag  Pkoks 

IlL    These     excavations     may    be    made    by 

nizi-FiLnic  METHCH)  If  there  is  not  too  much  water  and  if  water  can 

piimJ  out  of  the  material  without  inducing  a  How  of  sand  or  clay  below 

Ikttan  of  the  ibeet-piling.    In  some  coses,  where  unfavorable  conditions 

k  hot  where  there  is  an  underlying  stratum  of  impervious  maletial,  it  is 
hive  the  sheeting  in  advance  of  the  excavation,  so  that  the  bottom 
ing  makes  a  tight  joint  with  Che  impervious  stratum,  cutting  off  the 
T  and  material-  Where  a  considerable  amount  of  water  dnds  its 
In  the  excavation,  ttie  water  must  be  led  to  a  suhp  or  depression  li 


ilbym 
hvDiM  be  softoKd  by  the  ai 


Where 


le  found 


sand,  clay,  or  other  material 
iQ  of  the  water,  it  should  be  protected  by 
tance  fiom  the  area  to  be  used  for  the  sup- 
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Warrington  Btcam  Pile-Hammers 
Manufactured  by  Vulcan  Iron  Works.  Chicaco.  111. 
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Cram  Steam  Pile-Hammers 
Manufactured  by  A.  P.  Bartlett  &  Co.,  Saginaw,  Mich. 
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Union  Pile-Hammers 
Manufactured  by  Union  Iron  Works,  Hoboken,  N.  J. 
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Goubert  Steel-Pflc  Driving-Hammer 
Manufactured  by  A.  A.  Goubert,  New  York,  N.  Y. 
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New  Monarch  Steam  Pile-Hammer 
Manufactured  by  Henry  J.  McCoy  Co.,  New  York,  N.  Y. 
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McKiernan-Tenry  Pile-Hammers 
Manufactured  by  McKiernan-Terry  Drill  Co..  New  York,  N.  Y. 
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IngersoU-Rand  Sheet  Pile- Driver 
Manufactured  by  Ingersoll-Rand  Co.,  New  York,  N.  Y. 
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f4  Ik  footing.  This  may  be  accomplished  by  making  the  area  to  be  sheeted 
lexavated  large  enotigh  to  aocoiApiQdatc  tb^  sump  outside  of  the  support- 

E I,  or  by  «ikiTig  a  SQ>aiate  excavatioo  to  be  used  e^cdusively  as  a  sump; 
aae  result  m^  in  some  cases  be  accomplished  by  the  use  of  drive' 
dnvcQ  to  a  point  below  the  level  of  the  footing  in  which  continued 
tps^  nay  reduce  the  level  of  the  water  to  a  point  below  the  footing.  Care 
iiboBid  be  taken,  when  the  level  for  the  footing  is  reached,  to  prevent  the 
Hhtkn-bed  frank  beinir'  disturbed  and  Sdft^ed  by  unpecessary  tramping 
•nfcacBi  over  the  surface  of  the  excavation. 

Ik  Madatkm-bcd  should  be  left  as  oeat^  43  posatt^k  in  its  original  or 
talaxiditkin. 

Km!  Sheeliag  has  been  largely  employed  recently  in  place  of  wooden  sheet- 
^  It  has  the  advantage  that  It  can  be  driven  in  advance  of  the  excavation, 
nAy  wdwring  the  likelifaood-of  any  ^W'Of  iflitterial  und^r  the  sheeting.  It 
I  fas  tk  advantages  of  afifording  greater  strength  for  a  given  thickness  of 
Mia&  d  bong  driven  to  a  fieater  depth,  and  in  many  cases  of  bemg-with- 
■B  aad  wed  ovtf  again.  As  generally  manufactured,  it  has  the  further 
■me  of  bdng  ikterijocking,  so  that  there  is  less  dai\gcr  of  its  getting  out 
beed  leaving  openings  between  adjacent  pieces. 

H  cf  these  advantages  have  been  considered  by  engineers  in  using  steel 
Ini  d  wooden  sheeting- 

ht  Use  ef  Steal  Skeeting.    The  fundamental  idea  of  steel  sheeting  is  not 
1^  as  CASr-nosf  sbeet*viung  was  used  in  England  as  far  back  as  1S22  and 
IS  of  steel  plates  have  been  used  in  coffer-dams.    The  genera] 
Aed  iheeting  started  in  this  country  in  1899  when  Luther  P.  Friestedt 
[■pgtmental  orxEEioCKiNG  channel-bar  sections.    Since  that  time  it 
bto  general  use,  and  with  its  aid  many  excavations  have  been  made 
pL  fBi:ET-Pii.iNG  which  would  have  been  impracticable  with  timber 

e  on  Steel  Sbeeting.  la  using  stbel  shseting,  it  should 
that  the  earth-pressuse  coming  on  the  steel  sheeting  is  the 
ii  as  the  euth-pressure  coming  on  timber  sheeting,  and  the  breast-pieces 
^kxcs  shoM  be  as  strong  as  in  the  case  of  timber  sheeting.  Certain  forms 
BcdoM  of  steel  sheeting  offer  considerable  resistance  to  bending  due  to  the 
sil  eartb-pressure.  With  such  forms  the  horizontal  breast-pieces  may  be 
nd  farther  apart  than  with  ordinary  timber  sheeting  or  steel  sheeting  not 
Bg  tkb  propoty;  but  the  strength  of  the  breast-pieces  and  of  their  braces 
ft  be  soffidcnt  to  take  up  the  entire  load  coming  on  the  sheeting,  irrespective 
he  ipadng  between  such  breast-pieces,  for  in  case  there  is  a  failure  in  these 
csiic  sfafgring  win  fail. 

fe?o^ns  of  Steel  Sheeting.    Various  types  op  steel  sheeting 
laiket.    In  making  a  selection  between  different  forms  of  sheeting, 
of  the  material  to  be  encountered  should  be  borne  in  mind,  as  the 
BKHe  compact  sections  will  penetrate  hard  or  gravelly  soils  with  less 
of  deformation  than  the  more  complicated  sections  inade  up  of  thin 
aad  shapes.    The  various  companies  manufacturing  different  forms  of 
pob&sh  catalogues  containing  data  as  to  the  weight  and  also  giving 
of  the  different  sections.    These  catalogues  may  be  obtamed  from 
cturen,  but  fcM-  convenience  illustrations  of  some  ol  the  principal 
with  tbeir  dimensions  and  weights  and  other  details,  are  given  in  the 


are  other  types  of  steel  sheeting  than  those  shown  fai  Fljss.  38  to  44. 
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Fig.  38.    Lackawanna  Stcd  Sheet-piling 


Lackawanna  Sted  Shoet-Pflinc  * 

Composition  and  Dimensions  of  Sections 


Straight-web,  M  in  thick 
Straight-web,  ^i  in  thick. 
Straight-web.  H  in  thick. 
Arched-web,  14  in  long. . . 
Arched-web,  15  in  long. . . 


Per  linear  foot, 

Per 

square 

lb 

lb 

12. 54 

ai.S 

37.187 

35 

42. s 

40 

40. 8j 

35 

60 

4S 

This  piling  is  adapted  to  straight  or  circular  work. 

*  lianulactored  by  the  Lackawanna  Steel  Company. 
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Fis.  39.    United  Sutes  Steel  Sheet-pilinf 
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'Sieat-PiUng  • 
GMiipositicm  and  Dimensions  of  Sectioas 


Size 

Web 

in 

b 

in 

h/2 

iR 

i2liin.  38  lb 

9 

I3W 

9M 

9  in.  16  lb : 

flHSsSag 


is  adapted  to  straight  or  circular  work. 

*  Mannfartured  by  the  Carnegie  Steel  Company. 


; j».j 

Hg.  40.    Fxkstodt  Tnfriterlrfng 


Qiaiiiid4itt  Pflbg 


PlriMtedt  Tnf^^fcj«j  Quumel-Bar  POisf  * 
Composition  and  Dimensions  of  Sections 


Channels 

Zees 

^ 

Deacription 

k/2, 

in 

In 

Lbs  per  ft 

In 

Lbs  per  ft 

J 

xo  in.  as  lb 

10 

IS 

SHXH 

4.8 

9 

10  in.  34  lb 

10 

ao 

3^iXH 

4.8 

9 

u  in.  34  lb 

xa 

ao.5 

3HXH 

8.6 

10^4 

^ 

12  in.  39  lb 

xa 

as 

3HXH 

8.6 

ioT4 

15  ia.  39  lb 

15 

33 

4HXH 

9.a 

I3^i 

L 

15  in.  45  lb 

IS 

40 

4ViXH 

9.a 

izyi 

P 

MamifTtared  by  the  Caraegie  Steel  Compftay, 


9» 


Fomictetioos 


a 


'/jfwmwfi 


V/iMWffM 


>}nniui»iUiJiJM3MiiM3Mr>TTn^ 


1 


Fig.  41.    Stattdard  Sheet-paing 

Standard  Sheet-Piling  • 

Comporitioa  and  Dfmenaions  of  Sections 


No. 

Size, 
in 

Weight  per 

square  foot, 

lb 

A 

B        - 

C 

£ 

I 

12X5 

35.0 

13 

3-94 

5 

0., 

2 

12X5 

36.2s 

12 

3-97 

5 

0., 

3 

15X6 

37.20 

15 

4. 75 

6 

0., 

4 

t5X6 

39-75 

IS 

4.8i 

6 

O.i 

5 

tSX6 

43.25 

15 

.     4.87 

6 

0., 

An  interlocking  bar  ia  wedged  to  each  beam  at  the  mill  and  the  two  pieces  are 
as  a  unit. 

*  Manufactured  by  the  Jones  &  Laughlin  Steel  Company. 


Fig.  42.    Spring-lock  Sheet-piling 


Siving-Lock  Sheet-Piling  * 

Composition  and  Dimensions  of  Sections 

DUtance,  A 

ISU  in 

I9V4  in 

23H 

. 

M«-in  plate.weight  per  square  foot,  in  pounds . 
V4-in  plale,  weig^  perequare  foot,  in  pounds. . 

17 
20 

14^3 

17 

13 

16 

Plates  may  be  obtained  curved  to  any  radius  for  circular  work. 
•  Manufactured  by  the  Mitchell-Tappen  Company. 


f 


I 


ii 


Pig.  43.    Slip-joint  Sheet-piling 

Sttp-loint  Steel  Sheet-PUing  * 
Composition  and  Dimensions  of  Sections 


Distance.  A. 


No.  t4*gauge,  w^ght  per  square  foot,  in  pounds. 
No.  x6'gauge.  Weight  per  square  foot,  in  pounds. 


6  in 


9  in 


5.4 
4-3 


40 


19  m 


5.7 
3.9 


*  Maaulactared  by  the  MitcheU-Tappen  Compaay. 
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Kg.  44.    Wemlinter  Suel  Sbe«t-piliag 


8te«l  Sbeot-Piting  * 
Compoation  uid  Dimenaons  of  Sectioot 


t 

1 
1 

2 

2 
12 

7  5 

3        4 

1 

2         2^2 

12       12 

8.5    8 

1 

— r— ; 

s 

2Vi 

H 

12 

9  5 

6 

H2 
12 

II  5 

7 
2}-a 

12 
13  5 

8 

4 

18 
15 

9 

4 
M 
i8 

19 

10 

4 

18 
23  5 

f 

3 

Ms 

12 

s 

.*  a. 

itL  cemer  to  center  of  Up 

i|hs  per  SQTure  foot  in  pounds . . 

^ven  arc  in  inches. 
*  Mannfartured  by  the  Wemlinger  Steel  Piling  Company. 

hi  Mtac-Sosrd  or  Chioifo  Method  is  a  special  method  of  excavation 
BBol  OK  IB  Chicago  and  in  oocasional  use  elsewhere  for  excavations  which 
1 1  gnat  depth  in  day  or  In  other  suitable  material.  It  has  the  advan- 
taw  the  ordinary  shcet-pUing  method  that  the  Knmg  of  the  excavation  is 
The  method  is  not  generally  xised  for  trenches  or  for  square  ex- 
as  a  ch-cular  excavation  is  more  readily  handled.  The  success  of  the 
bd  depends  entirely  upon  the  character  of  the  material  to  be  encountered, 
he  cacavatioo  is  first  made  and  the  sides  of  the  excavation  afterwards 
^BtaL  The  method  in  detail  for  a  drcukr  excavation  for  a  pier-foun- 
liattjr  be  described  as  foHows: 

I  A  circular  excavation  Biigbtly  in  excess  of  the  sixe  requiied  for  the  pier 
iM  iowB  to  a  depth  of  5  ft  great  care  being  taken  to  htfve  the  sides  of 
BEtvatioa  vertical  and  true  to  the  cirde. 

}  Vertica]  planks  called  lagging-pieces,  5  ft  in  length  and  sHgfatly  beveled 
kvedsesao  that  each  piece  tnay  be-cdnaidcied  as  a  stafve  with  radial  joiats 
99aodiag  to  the  stae  of  the  requiied  cirde,  are  set  in  place  agunst  the  walla 
k  eKavatioii.  These  plaidca  are  held  in  place  by  two  or  more  sted  rings, 
bI^  made  ia  quadrants,  so  that  they  may  be  conveniently  handled  and 
d  ba«ether.  The  pianks  are  wedsed  firmly  against  the  waUs  of  thsexcavat 
^■ensof  wooden  wedges  driven  between  the  phuika  and  the  iron  lings. 
)  As  mm  as  the  first  set  of  laggiog  b  coBAplete,  the  excavation  is  carried 
ifar  aaother  section,  $  ft  in  depth,  and  another  section  of  lacging  is  put  in 
t  lad  secured  in  the  same  manner. 


o<  Bxcavalfeaa  hi  the  Pding-Board  Method.  In  the 
■er  <le9crbed  above  the  exCavaCioa  siay  be  carried  down  lor  an  indefinite 
iKe,  a  depth  of  lOo  ft  having  frequently  been  attained.  In  many  cases 
MtBoi  of  the  excavation  is  belled  out  to  a  laiiser  diameter  than  the  ex- 
br  the  main  shaft  of  the  pier  with  the  object  of  reducing  the  load  of 
to  a  unit  k>ad  less  than  the  safe  unh  load  00  tlie  main  shaft  of 
This  method  is  not  adapted  for  rulming  sand  nor  for  day  that  is  not 
to  ataDd  with  vertical  sides  during  the  necessary  interval  between 
die  euavatioa  and  placing  the  lagging.  In  some  cases  where  a  stratum 
beta  eacounteced»  the  dxcavatioa  has  been  carried  past  k 
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by  the  use  of  a  cylindrical  shell  of  steel,  forced  by  jacks  throiigh  it  to  an 
lying  impervious  layer  of  clay;  but  in  general  this  method  is  dependent 
success  upon  a  continuous  body  of  impervious  material. 

The  Open-CaiMon  Method  or  Well-Curb  Method  is  used  for  piei 
carried  to  a  considerable  depth,  and  has  advantages  over  the  sheet-piling  i 
in  certain  materiab.  It  is  a  devel<H>inent  of  the  old  method  used  in 
masonry  wells  and,  in  its  modem  form,  consists  of  a  structure  which  eve 
forms  part  of  the  pier  itself  and  which  is  arranged  with  an  open  chambc 
base  in  which  men  may  excavate  the  material  under  the  structure  and  i 
to  settle  as  the  excavation  proceeds.  It  is  evident  that  a  central  opei 
shaft  must  be  left  in  the  structure  to  permit  of  the  passage  of  men  and  ,m 

Details  of  the  Open-Caisson  Method.  In  detail,  the  method  may  be  de 
as  follows:  First  a  curb  or  cutxing-eoge  of  timber  or  steel,  following  t 
line  of  the  pier,  is  constructed  on  the  surface  of  the  ground.  The  out 
of  this  curb  is  generally  vertical  and  is  protected  with  a  steel  plate  wfa 
tends  bebw  the  main  section  of  the  curb,:  so  as  to  form  a  cutting-edge  oi 
downward  projection  serving  to  penetrate  the  soil  slighdy  in  advance 
excavation.  On  this  curb  a  wall  of  timber,  concrete,  or  masonry  is  const 
inside  of  which  the  so-called  working-chamber  affords  room  for  the  w( 
to  be  employed  in  excavating.  Above  the  working-chamber  the  walls  nu 
tinue  to  a  height  corresponding  to  the  xeqoired  height  of  the  pier,  leavi 
central  space  to  be  filled  in  after  the  required  depth  is  reached;  or  a  ro 
be  built  over  the  working-chamber  and  the  entire  cross-section  of  the  pit 
with  concrete  or  masonry  excepting  only  a  small  centnd  opening  large  enc 
accommodate  a  hoishng-tub  or  bucket  and  to  permit  of  the  ingress  and 
of  the  men  employed  in  sinking  the  construction.  In  pcactice,  the  exa 
is  started  before  the  pier-structure  is  carried  up  to  its  final  height,  altet 
the  excavation  and  the  building  up  of  the  pier  progresses  simultaneous 
constantly  increasing  wdght  of  the  structure  aiding  the  sinking  of  tb 
When  the  excavation  has  reached  rock  or  a  firm  substratum,  further  c 
tion  b- stopped  and  the  working-chamber  and  the  central  opening  are 
full  of  concrete,  leaving  finally  a  complete  pier-structure  extending  fn 
rock  to  the  proper  level  to  receive  the  steel  grillage  or  other  constnictio 
ing  on.  the  pier. 

Advanti^es  of  the  Open-Caiseon  Metiiod.  This  method  of  constructH 
the  advantages  that  the  workmen  at  all  times  are  protected,  that  obstn 
such  as  boukiefs  or  logs,  may  be  removed  from  under  the  cutting-edg 
that  when  rock  is  encountered,  ample  opportunity  is  afforded  for  the 
preparation  of  the  lock-surface  to  recdve  the  final  concrete  filling.  If  a  nx 
amoimt  of  water  is  encountered,  not  accompanied  by  a  flow  of  material, 
generally  be  taken  care  of  by  means  of  pumps. 

Dredged  Wells  are  similar  to  the  open  caissons  described  in  the  p 
paragraphs  and  are  used  where  large  quantities  of  water  are  encountered 
construction  of  the  piers  is  similar  to  that  of  the  pien  used  in  the  opeoH 
method;  but  the  central  shaft  and  workingH:hamber  are  designed  to 
of  the  use  of  a  clam-shell  dredge  or  other  form  of  dredge,  and  the  « 
allowed  to  rise  to  its  natural  level  in  the  working-chamber  and  shaft, 
method  can  be  used  to  advantage  when  a  considerable  amount  of  water-t 
sand  or  other  material  is  found  overlying  level  rock  or  other  firm  fouai 
bed.  When  the  dredging  and  the  sinking  of  the  pier-structure  have  been  i 
down  to  the  hard  underlying  strata  it  is  sometimes  possible  to  pump  o 
water.  If  this  is  not  practicable  the  bottom  may  be  prepared  by  divers ! 
reception  of  the  concrete  filling,  and  the  concrete  may  be  deposited -thnrai^ 


Methods  of  £xoavating  for  Foundations  '  211 


MoiC  taken  to  nae  aome  special  atxangemeDt  to  protect  the  concrete  from 
l^ined  by  loa  of  its  cement-content,  in  the  process  of  deposition. 
It  WcB-OifCttr's  Method  is  also  occasionally  used  in  making  pit-excava- 
■  nkr  vails  or  in  cramped  locations.  By  this  method  the  sides  of  the 
pboQsre  supported  by  planks  placed  horizontally.  The  method  of  plac* 
;Ae  planks  is  as  follows:  A  shallow  excavation,  the  depth  of  a  plank, 
■de  by  ordinary  methods,  and  a  set,  consisting  of  fom-  planks  fitting  the 
^■b  of  the  excavation,  is  secured  in  place.  Before  proceeding  with  the 
planfatkm  of  the  pit  a  trench  is  dug  directly  alongside  and  underneath 
di^adt  planks  of  the  itrst  set.  As  soon  as  this  trench  is  deep  enough  to 
^wdite  the  planks  for  the  second  set,  the  side  of  the  trench  under  the 
iiinsdy  in  place  is  cut  to  a  vertical  face,  the  plank  placed  in  position  and 
mm  esrth  temporarily  back-filled  against  it  As  soon  as  the  four  planks 
IBS  the  SBOOMD  SET  have  been  put  in  place  by  this  method,  the  two  side 
iisne  wedged  against  the  bank,  the  end-planks  being  used  as  struts.  The 
llKis  are  wedged  mto  position  and  nailed  or  deated  to  the  side  planks 
knc  1  ntESSCRC-KEsiSTiNC  FRAME  Supporting  the  side  of  the  excavation. 
^JBwitwn  of  this  method  enables  the  excavation  to  be  carried  on  inde6- 
p;  (nvided  there  is  no  flow  of  water  or  run  of  material  causing  an  inflow 
Bledil  into  the  excavation. 

|i  Panmatio-Cnisson  Method.  Where  piers  or  foundation  waRs  have 
bonied  to  a  considerable  depth  through  water-bearing  materials,  and  espe- 
^  where  large  bodies  of  quicksand  are  encoimtered,  the  PKBUMATXC-CAissoy 
pm  QBBt  be  resorted  to.  This  method  is  based  upon  the  prtnctple  op  a 
pt^ojL  and  may  be  briefly  described  as  follows:  The  construction  of  the 
Basihr  to  the  piers  previously  described  as  used  in  the  open-caisson  knd 
bBi-weil  oonstruction,  except  that  the  working-chamber  and  shaft  are  made 
fi^  and  connected  with  a  device  called  an  air-lock,  so  that  compressed  air 
[  be  atiodoced  into  the  working-chamber.  The  object  of  the  compressed 
ito  prevent  water  entering  into  the  working-chamber.  This  is  accomplished 
Iwtidiiir  with  the  well-known  principle  op  the  divimg-bell  by  having 
air  constantly  kept  at  a  pressure  which  will  counterbalance  the 
at  the  level  of  the  cutting-edge  of  the  working-chamber.  The 
of  the  air  evidently  must  vary  with  the  depth  of  the  cutting^edge  below 
|4ev«L    A  column  of  water  i  in  square  in  cross-section  weighs  .43^  lb  per 

tl  ft,  and  it  will  therefore  be  counterbalanced  by  an  air-pressure  of  .43  Vi 
ai  in  over  the  normal  air-pressure.  If  the  column  of  water  -is  30  ft  in 
k  it  w3l  wogfa  thirty  times  .45^^  lb,  or  will  be  counterbalanced  by  an  air- 
pe  of  13  lb  per  sq  in  above  the  atmospheric  pressure. 

p  Mannas  iUi^Prsaaura  in  tha  Pneumatie  Caisson  in  which  men  can  wcM'k 
Ipct  periods  is  about  43  lb  per  sq  in  above  atmospheric  pressure,  correspond- 
to  a  depth  bdow  water-level  of  about  100  ft.  At  this  depth  the  work  is 
pi  00  in  shifts  of  from  two  to  three  hours  duration,  and  great  care  must 
in  coming  out  of  the  air-pressure.  The  phjrsiological  effects  of 
air  are  often  serious;  pains  in  the  joints,  damage  to  the  ear-drums 
hk  deafness,  and  the  so^aUed  caisson-disease  render  work  at  high 


Used  In  Coonectioa  with  the  Paeiunatic  Caisson  is  a  device  for 
of  retaining  the  air  in  the  caisson  and  at  the  same  time  permitting 
of  men  and  material  in  and  out.  It  consists  essentially  of  a  metallic 
3UMBER  or  SHELL  Connected  to  the  working-chamber  either  directly 
air-tigfat  Ening  or  extension  of  the  central  shaft-opening.  This  air- 
Ins  two  doon^  one  at  the  bottom,  opening  downward  into  the  shaft 
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and  the  other  in  the  tipper  head  of  the  air-lock  chamber,  alao  opentttc  i 
ward  and  affording  a  direct  connection  to  the  open  air.  In  the  oper&tioii 
air-lock  one  ol  these  two  doors  must  at  all  times  be  dofled  ao  aa  to  preva 
free  escape  of  air  throuch  the  air-lock.  If  the  bottom  door  is  dosed,  it  i 
held  firmly  to  its  seat  by  the  uplift  of  the  compressed  air  in  the  ahait,  wi 
at  all  timea  In  direct  communication  with  the  working-chamber.  If,  uadet 
conditions*  the  upper  door  is  open,  the  interior  of  the  air-lock  will  be  in 
communication  with  the  open  air  and  the  air  contained  in  the  lock  will  evi< 
be  at  atmospheric  pressure.  Workmen  and  materials  may  then  eater  t) 
lock.  In  Older  to  pass  into  the  shaft  and  worlciog-chamber,  it  is  nea 
first,  to  dose  the  upper  door,  and  secondly,  to  shift  the  so-(^led  equaj 
VALVE  and  admit  compressed  air  into  the  space  between  the  two  doors 
the  air-pressure  is  brought  up  to  the  air-pressure  in  the  working-chambi 
shaft.  Pressure  on  the  upper  side  of  the  lowpr  door  will  then  equal  the  pi 
on  the  lower  side  and  the  lower  door  may  be  opened,  the  upper  door  betng 
held  against  its  seat  by  the  compressed  air  in  the  air-lock.  As  soon  as  the 
door  opens*  the  men  and  material  may  be  passed  into  the  shaft  and  wc 
chamber.  In  coming  out  the  operations  are  reversed;  men  and  nuLteiia] 
the  air-bKk  through  the  open  lower  door,  the  lower  door  is  dosed  and  hfrid  i 
against  its  seat,  and  the  equalizing  valve  is  shifted,  affording  a  connectM 
tween  the  interior  of  the  airlock  and  the  external  air.  The  compress 
escapes  through  the  equalizing  valve,  redudng  the  pressure  in  the  air-1 
atmospheric  pressure,  and  the  upper  door  has  atmospheric  pressure  oi 
sides  of  it.    It  may  then  be  opened,  giving  free  connection  with  the  outsa 

The  Design  «(  Pnenaadc  CalaaoBs.  The  first  consideration  is,  of  cou 
have  the  final  structure  a  permanent  and  suffident  pier  to  carry  tbMe  loauL 
imposed  upon  it.  To  this  end  the  cross-section  of  the  pier  at  all  points  fn 
to  bottom  should  be  capable  of  carrying  safely  the  maximum  loacL 
cross-section  of  the  luer  is  generally,  in  the  finished  pier,  composed  of  sc^ 
Crete,  the  cross-section  will  be  determined  by  the  allowable  load  on  the  co 
For  piers  the  cross-section  will  generally  be  square  or  drcular;  for  vrm 
caisson  will  generally  be  not  less  than  6  ft  in  width,  as  it  is  difficult  1 
caissons  having  a  width  less  than  6  ft.  If  the  caisson  is  to  be  carried  t 
rock,  the  bearing  on  the  rock  need  be  no  larger  than  the  cross-sectioa 
concrete  pier;  but  if  the  excavation  does  not  go  to  rock,  it  is  frequently 
able  to  BELL  oxrr  the  base  of  the  pier  so  as  to  reduce  the  loading  on  the  i 
tion  bed  to  a  unit  load  less  than  that  allowable  on  concrete.  The  open 
BELLING  OUT  is  difficult  in  some  materiab;  in  a  compact  material  it  can  1 
erally  accomplished  without  serious  difficulty. 

Plen  Snflk  by  the  Paeomatlo-Caiason  Methed  may  be  constructed  off 
combinations  of  materials.    The  side  walls  and  roof  of  the  worlcin^-cl 
were  formerly  frequently  constructed  of  timber.    In  many  cases  they  a 
formed  of  steel;  but  in  recent  designs  the  working-chamber  is  generally 
of  reinforced  concrete,  the  only  structural  steel  used  bdng  an  an^le  or 
and  angle  composing  the  cutting-edge.    The  outside  of  the  caiaaon  is  pr« 
made  vertical.    The  superimposed  pier  is  generally  of  the  same  sixe  as  th 
ing-chamber,  at  least  it  is  generally  so  in  piers  sunk  for  buildings. 

A  Typieal  Design  for  a  OaiiBoa  Ba&t  of  Reinforced  Concrete  is  given  in  1 
in  which  AB  h  the  angle-iron  and  plate  forming  the  so-called  cxrms 
and  C  is  the  working-chaicbek  formed  by  the  side  walb  DE  and  Z>£ 
the  roof  BE.  The  concrete  side  walls  are  reinforced  with  steel  tods  atta 
the  cutting-edge,  and  extending  upward  into  the  body  of  the  pier,  and  1 
and  body  of  the  pier  are  reinforced  to  take  cart  of  strwMs  dtie  to  cc 
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tUAfafl.  Ib  bnD£i«  up  tJM  •crUac-dMmb«r,  tb«  ixtUNB  Kam  ue 
■w  M  W  xvport  ihe  coBcrtte  which  makts  the  rooC.  TbcM  are  sub- 
BMKimd.  'nealerior  foROimky  ajo^tute  a  penwont  laut  U  the 
t  kt  aladi  cue  thg  ue  oUcd  «  oDma-DAM,  or  th*y  nuy  b«  rdkivbI 
filhiiiiili  Imi  iiifiiilinll>  Kl.  At  tbe  caitao<  tbe  i«a  Boopca- 
tUi  H  KTve  u   tbe 


Ik  Tb(  Bdcs  of  lUi 
I «  if  the  upfwr  put 


Kead  of  the  Med 
p4i>ck  B  cuuMCted. 
lla^  (<  tbe  tier  does 
■id  40  h  the  conatruc' 
tkmtfbcc 


■  &  OK  of  compcened 
1007  the  cuttinx-edga 

H  nlatcvd.    Tfait  a 

iWCSIMG  TIE  CAISSON 
!&■  K)  D»t  the  CBiuOD 
■R  Koc  ili(ht  Ucnal 

■  buai  the  soil  before 
ii  onJed  up 


n 


1^ 


Darius  the  prognas  of  nnkiog  cemprasKi]  air  is  conducted  to 

duraber  througfi  the  atTPPLV-PiPE  G,  the  eicavaled  material  being 

f  ikvagh  tbe  SHATT  F,    The  «haft  P  is  fitted  with  a  laddek  for  tbe  use 

In  sinkins  the  coJsson  and  super- 
lain  it  in  a  vertical  position.     This 
by  means  of  the  eicavation  itself, 
cavallon  on  that  side  will  be  carried 
n  the  low  ^de.  and  tlie  material  under 
_e  of  tbe  bigb  side  will  be  removed  while  a  bank  of  material  Is 
b  the  ciitting.edge  of  the  low  side.    These  raetbods,  however,  are  of 
'  wkn  tile  caBMHi  is  narrow.     In  such  cases  that  part  of  the  oiason 
ft  Aare  fround  is  beM  In  position  by  cmDES  or  other  dcricei;  bW  It 


b  rf  ralwm  ftinlrint  aad  FDUns. 

mplished  in  Urge  caisson 
BC  ade  of  tbe  caisson  is  high  the  e 
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frequently  happens  that  the  caisson  in  its  final  condition  is  conaidenbl 
its  correct  location  and  considerably  out  of  plumb.  In  general,  then 
size  of  the  caisson  should  be  made  larger  than  the  minimum  size  nea 
order  to  allow  for  errors  in  its  final  location.  When  the  caisson  has  rea 
required  depth  the  foundation-bed  is  prepared  for  the  reception  of  the 
filling  and  the  working-chamber  filled  with  it,  care  being  taken  that  it  co 
fills  all  voids  and  is  in  perfect  contact  with  the  roof.  Finally,  the  air 
the  steel  lining  of  the  shaft  are  removed  and  the  shaft-opening  filled  i 
Crete  to  the  proper  level  to  receive  the  grillage  or  other  construction 
the  base  of  the  column  which  is  to  rest  on  the  caisscm. 

The  Height  of  Caisson-Piers.  The  height  of  a  pier  cannot  be 
fixed  until  it  is  known  to  what  depth  the  caisson  must  sink  in  order 
the  foundation-bed.  If  the  rock  is  found  at  a  greater  depth  than  ani 
additional  height  is  added  to  the  top  of  the  pier  after  the  caisson  is  ii 
position;  but  if,  on  the  other  hand,  the  rock  is  found  unexpectedly  1 
top  of  the  pier  will  have  to  be  cut  off.  If  the  finished  elevation  of  the 
be  below  the  level  of  the  general  excavation,  it  is  usual  to  extend  the 
surface  of  the  pier  to  the  required  height  by  means  of  a  temporary  i 
structure  called  a  coffer-dam,  the  height  of  which  corresponds  to  the 
the  finished  surface  below  the  level  of  the  general  excavation.  Inad 
COFFER-DAM  some  STEEL  GRILLAGES  may  conveniently  be  set. 

The  Freezing  Process  for  Excavations.  This  method  has  s( 
been  employed  in  making  excavations.  In  this  country  its  use  has  bee 
to  one  or  two  mining-shafts,  but  in  Germany  it  has  been  resorted  to  ii 
excavations  for  building-foundations.  The  method  consist3  in  driv 
pipes  into  the  ground.  These  pipes  are  closed  at  the  bottom  and  at 
are  connected  to  smaller  pipes  through  which  brine,  at  an  extremely  1 
perature,  is  made  to  circulate.  The  refrigerating  effect  results  In  fr« 
water  contained  in  the  soil,  converting  quicksand  to  a  frozen  mass  re 
soft  sandstone.  When  the  freezing  has  progressed  sufficiently  to  fon 
wall  or  coffer-dam  around  the  excavation,  the  material  inside  the  fro 
may  be  excavated.  This  method  has  the  advantage,  theoretically, 
applicable  to  excavations  of  any  depth.  There  are  many  precautions  n 
and  for  the  present,  at  any  rate,  it  should  only  be  considered  as  a  posail: 

SI.   Protection  of  Adjoining  Structures 

General  Considerations.  The  common  law  provides  that  any  pen 
(ng  an  excavation  is  responsible  for  resulting  damage  to  adjoining  ] 
Statxtte  laws  as  embodied  in  the  building  codes  of  different  cities  ma; 
or  limit  this  responsibility,  but  in  general,  excavations  should  be  madi 
a  manner  as  to  cause  the  least  possible  damage  to  surrounding  property, 
there  are  no  adjoining  structures  it  is  generally  sufficient  to  slope  the  sid 
excavation  so  as  to  prevent  the  sliding  of  material  into  the  excavatio 
least,  to  sheet-pile  and  brace  the  sides  of  the  excavation;  but  where  the 
tion  is  to  be  made  alongside  of  an  existing  structure,  and  carried  b 
footings  of  such  structure,  it  is  necessary  to  take  special  measures  for  it 
tion.  Such  work  is  described  as  shoring,  underpinning  and  protf-c 
JOINING  STRUCTURES,  and  may  involve  the  carrying  of  the  weight  of  pi 
of  the  buildings  on  temporary  supports,  the  removal  of  the  old  fooli 
the  construction  of  new  footings  at  lower  elevations. 

Shoring.  When  the  excavation  for  the  new  building  does  not  | 
below  the  adjoining  footings  and  when  the  material  is  fairly  solid,  it  mi 
to  transfer  a  portion  of  the  load  of  the  wall  to  temporary  footings.    Thi 
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rbt  DKuu  o(  heavy  incliiied  posts  called  SBORBS,  arranged  to  act 
couwNS  or  siauTS.  Each  Sbwe  conxiMi  of  a  post,  the  lower 
Iflkk  rati  oo  a  hatfoku,  geneislly  oHuisting  of  planki  and  limbcn 
W  B  »  lo  form  a  tonponiy  tpread  loodag.  Thti  platlonn  sbouM  be 
|a  1  depth  which  will  insure  that  lubaequent  opentkms  wOl  not  under^ 
t-  The  opper  end  of  the  post  gti  into  a  bole  or  nicbe  cut  into  the  wall 
IBHiHUd.  The  post  itself  may  be  a  timber  with  a  square  crou-seclion, 
b  II  b;  1 1  in.  aitd  of  the  required  Icnsth.  Provision  is  made,  between  the 
!■  ud  tlie  knrcT  cad  of  tlie  post,  for  wedges  oi  jacks,  so  that  when 
M  drk  liftiDK  eOect  transfers  part  of  the  weight  ol  the  wall  from  iu 
(to  tbc  temporary  foundalion  or  platlonn.  During  this  operation  all 
id  Ike  tti^Kmiy  structuie  are  in  compression  and  brought  into  bearing 
It  luudal  uoda  the  platform  is  compressed  and  solidified  as  much  as 

1  act  prefenbty  for  umHO  only,  it  b 
is  known  as  a  ufting  shore.  If  it  is 
combine  a  borizantal  pushing  action  with  the  Ufting 
a  consdeiable  angle  from  the  vertical  and  is  then  known 
}  SHonE.  In  onanvng  such  shores  care 
iktlilm  to  have  the  niche  cut  close  to  a  Ooor-level  of  the  building  to  be 
(anhcrwise  the  horizontal  component  of  the  thrust  of  the  shores  might 

Hb  mi  9ina  s(  Sbora.    Where  a  wall  is  light,  a  number  of  smaller 
ll^iiild  be  used  in  prelemice  to  a  few  large  ones.     Where  a  wall  is  high, 
K  HR  (hoRs  of   varying 
bav  be  iBcd,  and  these 

\  iBtkol    plane    and    rest 

platfonn. 
WedgMUid 

Screw- Jack*. 
In  transferrfog 
the  load  of  a 
wall  from  its 
own  footing  to 
the  temporary 
platform,  use  is 
nudeof  wooden 

w'sroiw^  '«■"■  Standard  Typed  Sled  Semr-jui 
_e5  and  jocks  inaj  be  used  <n  comlnnation.  Wooden  wedges 
lie  Bade  of  hard  wood  and  are  generally  Biranged  in  pain,  botn 
e  time.  The  lifting  effect  of  such  wDoden 
lb  poBoful.  but  where  a  consdeisble  settlement  of  the  temporary 
b  inticTpated,  it  is  more  cooveoient  to  use   screw-jacks,  as  they 

'  le  seltiemcnL 
h  Bad  Tyy««  of  Sertw-Jaelu.  The  sc*ew-jacks  usually  manu* 
r  this  purpose  are  made  of  cast  itnn  and  have  rough  threuls.  with 
apitdi  to  have  much  lifting  effect.  Screw-jacks  of  a  better  kind  are 
■ol  and  have  a  machine-thread  of  small  pitch.  Such  jacks  can  be 
(■bte  of  Efting  weights  up  to  loo  tons.    ^gs.  U  and  47  repreaoit 
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■tindard  fornu  of  urew-iuks.  When  a  single  Miew-jack  ii  used  in 
tion  with  a  post  or  shore,  a  bole  to  receive  tke  IbreMled  inrtioa  ai 
b  bored  in  tbe  end  oi  the  timbo'  lued  for  the  •bore,  the  eod  being  K|i 
receive  the  nut.  Such  an  amuigeiiieat  h  caUed  a  Pirur  and  is  illust 
Fig.  4S.  Wbfi)  a  lifting  eflcct  groater  thail  tliat  eaerted  by  a  aincie  ja 
quired,  the  jacki  are  anaoged  in  pain  in  coanectioa  witb  a  sbort  timber  c 


Fit-  iS.    Punp, 
EndolSlion 


Fit-    4fi.      SboR,    ScRw-MCks   and    Timber 


HEAD.  Such  an  urangement  is  illustrated  ia  Fig.  49.  It  baa  the  ac 
that  alter  operating  the  Jacks,  blacking  and  wedges  can  be  placed  beti 
platform-timbers  and  the  crces-head  so  that  the  post  resting  on  the  cr 
bos  B  direct  !ind  solid  bcBiing  on  tbe  platform.  By  this  method  the  lo* 
wall  can  be  thrown  on  [he  plalFonn  by  tbe  jacks  and  after  Ihc  bloctdng  v 
iog  ia-to  positioa  the  jacks  can  be  removed. 

Hrdranllc  Jackl.  Where  enceuivdy  heavy  loads  are  to  be  lifted,  Kt 
JACKS  may  be  used  in  place  of  sctew-jacks  but  an  objection  to  Ibem  is  t 
are  liable  to  suck  back  aoder  liie  load.  While  the  load,  tloetsfore 
not  be  pecmaoently  supported  on  hydrauhc  jacks,  they  may  be  used  to 
load  temporarily  while  the  blockini;  and  wedgiDg  ale  bejog  placed  beti 
cross-head  and  tbe  temporary  footing.  In  this  way  an  indefinite  nu 
ahonts  may  be  set  and  taken  care  of  with  a  single  pair  of  hydiBuUc  jacki 

Eaanqle  ol  Sborinf.  Fig.  50  shows  the  method  used  in  aBOKDro  t 
mental  fmnt  wall  of  a  heavy  building,  advantage  having  been  taiceii  oi 
menus  deep  natgin-dcalu  shown  in  the  section.  In  order  to  avoid  tbei 
ol  cutting  nichn  for  the  tops  of  the  shons,  nine  hardwood  btocka,  a, 
wae  fitted  to  the  matgin-diaft  grooves  in  tbe  masonry.  Nine  siniilai 
b,  b,  etc  irere  gained  into  and  bolted  to  the  vertical  tinbet,  VV,  tftt 
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t^  the  a  hkxki  and  the  i  btoclu  lor  adjusting  wmI(es  bt,  »,  etc.  Three 
k«  Tb  Ti  and  T,  were  k^ed  ud  botlcd  to  VV  and  tranamittEd  to  it 
Kd  the  time  ihaes,  5i,  5i  and  5t.  Bach  ibotc  had  a  6o-tm  wTew-jBck 
Wc.  Each  iboK  ■  abconi  fitted  iritb  a  pump  or  detached  extensioit- 
■inni  iiu  the  screw-jack. 
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Needling.  Needles  or  girders  are  employed  when  part  or  all  of  th 
o£  the  wall  has  to  be  carried,  as  when  the  old  footing  is  to  be  removed 
wall  underpinned  or  carried  down  to  a  new  footing  at  a  greater  depth. 

Biample  of  Needling  and  Underpinning.  Fig.  51  represents  a  typica 
underpdining,  the  several  operations  being  as  follows: 

(i)  The  General  BzcaTatioa  is  carri^  down  to  within  a  few  inche 
bottom  of  the  footing  BB  under  the  wall  W. 

(a)  The  Pit  DDDD,  properly  braced  and  protected  by  sheet  piling, 
to  approximately  the  level  of  the  iMt>posed  excavation,  tfus  pit  betn] 
at  a  safe  distance  from  the  existing  wall.    In  good  jnateoal  it  may  >  be 


rr'T' 


Fig.  SI.    Wall-needliag  and  Underpinning 


have  this  pit  approach  to  within  a  few  feet  of  the  footing  course  of  the  i 
in  material  which  is  liable  to  run  it  should  not  approach  the  wall  dos 
its  depth.  No  hard  and  fast  rule  can  be  given,  and  in  every  case  gn 
should  be  taken  to  prevent  any  movement  of  the  material  from  under 
joining  footing. 

(3)  The  Platforms.  On  the  bottom  of  this  pit-excavation,  a  plaih 
is  placed,  generally  composed  of  heavy  timbers  resting  on  a  base  o 
planks,  and  acting  as  a  support  for  the  outer  end  of  the  needle.  Duj 
construction  of  this  pit  a  similar  pit  may  be  dug  on  the  in^de  of  the  wail 
vide  for  the  support  of  the  inside  end  of  the  needle;  but  as  this  in  vol 
destruction  of  the  cellar-floor  the  method  of  procedure  inside  the  bui 
generally  different  from  this.  If  the  material  is  solid  it  is  sometimes  si 
to  place  the  platform  for  the  support  of  the  inside  end  of  the  needle 
on  the  cellar-floor  and  at  such  a  distance  from  the  wall  that  the  a 
sxcavation  for  the  new  footing  will  not  disturb  it;  or  the  platform  1 
placed  on  the  cellar-floor  and  a  line  of  sheeting  LL,  properly  braced,  so 
that  the  excavation  can  be  made  for  the  new  footing.  This  is  generally  9 
to  prevent  any  &erious  settlement  of  the  temporary  plattorm  tor  the  *au 
of  the  needle. 
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Ih  iMKtka  tt  (ka  ITMdiM.  Having  pnmiteil  a  xupport  for  each  cad 
Iwti  I  h  only  lemMot  to  cut  a  holt  throuth  the  wall,  as  at  .1,  ioiert  the 
ISI  pa.  tbr  pMt  and  blocking  MN  under  tbe  outside  end  of  the  needle, 
fclJskias  and  JKk»  ander  the  iuide  tod.  Tbe  post  UN  may  be  fitted 
■■^  ai  ikowa-at  JC,  or  with  one  or  more  wmr-jada.  Tbe  needle  GO 
ttBi  of  soe  or  more  heavy  timbers  or  one  or  mora  steel  I  beam.  In  any 
litliHl  lo  come  on  Ibis  needle  ihould  be  figured  and  its  strength  made 
I  a  aidy  support  such  load.  As  soon  ms  the  weight  of  tbe  wall  W  is 
faitd  14  the  needle  and  to  the  teoitporuy  ptatforms  prepared  to  receive 
\i.  tku  put  at  the  wall  which  is  below  tbe  oeedles  and  all  of  tbe  foot- 
N  ^  nnwvEd  and  oil  of  the  excavation  for  tbe  new  footing  made. 


thefootiogisreiaaved.  Tbe  h*ngi«i EUti  of  tJic  mU  nuy  bei^nev«< 
pended  by  ntda  and  chaiai  to  the  needlo.  If  they  >n  not  so  amp 
crack  will  Form  tUon<  the  Line  ilAAAA. 

TraaBfuiinc  tha  Load  to  tha  H«r  Onduyituilnc.    As  toon  u 

footing  bu  boen  put  in  plue  vid  the  new  wall  cirriEit  up  rcftdy  to  lec 

old  wall,  proviiian  must  be  mode  for  ievxrsino  the  webattoit.  tlis 

tcuufening  the  load  onto  the  oew  underplaniDs  wall  and  foodns- 

(enendly  done  by  means  of  i  number  of  caANlTB  biocks  set  in  pairs 

tbe  needleg  uid  fitted  with  steel  wedgM.     After  setting  these  hiocka.  tr 

betweeQ  the  base  of  the  ^  waB  and  the  top  al  the  upper  wi:dginK  Mock 

in    with    brickWD 

mortar   in    the  Ik 

being  Qompacted  fa 


time  of  setdnz. 

wedges  are  driven 
u  to  throw  at  lew 
liaa  of  the  wagbl 
wall  on  tbe  new 
As  a  reuilc  of  thl 
quently  happens  f 
footing  settles,  t 
bdng  restored 
needles.  This  dcc 
continued  driving 
wedges  until  it  has 
its  final  settlemen 
will  be  evidenced  I 
ing  of  the  wall  aofl 
partially  relieve  tl 
in  tbe  needles  ant 
fact  that  th«  we 
main  tight. 

KamoTttl     • 
If«*dlM,    ate    . 

Fif .  M.    The  Figure-four  Uethod  at  Needliaa  «  **"=  «"*>"  "O*" 

wall  has  been  in 
to  the  footing  and  the  looting  has  demonstrated  that  it  is  T'^Mn 
porting  (he  weight  of  the  wall  without  luitlier  setllement.  all  of  the  le 
work.  Induding  the  needles,  can  be  removed,  tbe  ncedle-hola  bricked 
the  repairs  made  to  tbe  cellar  of  tbe  adjoining  building. 

The  Figure-Four  Method  el  ITaedUng.  In  certain  casea  It  ts  im{ 
to  employ  a  neldle-beau  projecting  on  both  sides  of  the  wa.Ll,  oi  for 
when  the  occupancy  of  the  adfoining  building  Is  such  as  to  nuke  it  imi 
to  have  a  needle-beam  profectlng  into  (he  cellar  space.  In  such  caia 
called  nsUKK-louB  Ncgdu  has  been  employed  (Fig.  (i3).  In  this  ' 
utdle  XBactsasacANTiuvEa.    Part  of  tbe  load  of  the  wall  la  cuna 
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|M  ■  Qrfind«ra  tor  Onderpiiuilnc  are  Crequently  used  for  [he  support 
Ml  ud  taw  nuuy  Advantages,  aa  they  tHit  ooly  afford  a  mtpport  for  tbe 
l>  teogta  the  ofKrations  affecting  the  stability  of  the  walE,  hut  also  form 
Mdot  wppwt.  The  operation  in  brief  is  as  follows:  A  bole  or  niche  is 
tthe  aiD  and  footing  to  be  supported,  of  sufficient  size  to  permit  the  intro- 
b  c<  1  Kctioo  of  STEEL  PIPE,  in  such  manner  that  the  center  of  the  pipe 
Ht  hdow  the  (enter  of  the  mil  to  be  supported,  the  height  being  sufficient 
ri— ndate  a  section  of  pipe  and  also  the  means  employed  to  drive  it 
He  mar  be  driven  (i)  by  wrotMjuc  JACKS  or  by  sckzw-jacks,  placed 
M  the  top  of  the  pipe  and  the  waU  itself,  as  by  the  patented  Bizdcbaud 
^  (i)  it  may  be  driven  by  means  erf  a  fower-hahueb  driven  nther  by 
ter  coovreaKtl  air;  or  (3)  in  some  cases,  where  the  material  is  fine  sand  or 
Mr  ;ipe  may  be  jetted  or  the  jet-ueihod  may  be  used  in  combination 
IUct  jacks  or  power-hammeis.  In  any  case  the  &rst  section  of  pipe  is 
■  ■lathe  groond  and  additional  sections  are  added  until  the  lower  end  of 
rs  rock  or  some  nuCerial  possessing  sufficient  stability  to  insure 
The  material  entering  the  pipe  is  removed  by  a  watee- 
IS  and  the  space  filled  with  concrete.  As  soon  as  the  coo- 
ficieoliy  the  pipe  Li  capped  with  a  special  casting  on  which  short 
B  an  anangcd  to  distribute  the  support  oi  the  pipe  over  a  coo^dei- 
■  il  the  baae  of  the  wall  to  be  supported.    These  I  beamt  correqxMid 
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to  the  wedging  blocks  used  in  the  ordinary  methods  before  described.  J 
vision  is  frequently  made  for  steel  wedges  between  the  cap  and  the  baaeoi 
steel  beam,  but  it  is  generally  found  auffirient  to  thoroughly  grout  to  Cbfi« 
between  the  base  of  the  wall  and  the  steel  beams  afterthe  niche  itself  has 
bricked  up. 

Cylinders  for  Underpiniiiiig  Very  HeaTy  Walls.  The  description  ii 
preceding  paragraph  is  intended  to  cover  the  use  of  pipes  varying  in  size 
6  to  3o-in  in  diameter,  according  to  the  load  to  be  carried.  In  the  case  of  c 
sively  heavy  walls,  cast-iron  cyundeks  are  used  in  place  of  steel  pipes.  1 
cylinders  are  arranged  in  sections,  each  section  making  a  water-tight  joint 
the  preceding  section,  and  are  generally  used  where  water  is  enoounterec 
where  it  is  necessary  to  carry  down  the  underpinning  to  rock  at  great  di 
Under  such  cooditions  these  cylinders  are  sunk  by  the  pneomatxc-ca 
ICETHOD.  Such  cylinders  have  been  sunk  to  a  depth  of  70  ft  below  water 
and  have  been  designed  to  cany  as  much  as  400  tons. 
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CHAPTER  in 

H01TWAIXS.    FOOTINGS  FOR  UGHT  BUILDINGS.* 
CEMENTS  AND  CONCEETES 

By 
THOBiAS  NOLAN 

OP  ASCHITECnTRAL  CONSTRUCTION,  UNIVERSITY  OF  PENNSYLVANIA 

1.   Footings  for  light  BuUdings 

iA  Gonoral.  t  Every  foundation  or  bearing  wall  overlying 
■c  caoept  solid  rodi  should  rest  on  a  footing  or  base  projecting  beyond 
ri  OB  cKh  ade.  On  wet  or  very  compressible  soils  these  footings  may  be 
d  ited  beams  or  of  reinforced  concrete,  as  described  In  Chapter  II,  but 
iMiMj  firm  soils  and  for  bnildings  of  moderate  size  and  weight  the  foot- 
R  fEBcnlly  of  ancrete,  stone,  or  brick.    Footings  answer  two  important 


By  dntriljuting  the  wei^  of  a  structure  over  a  larger  area  of  bearing 
1^  the  pRSBure  per  square  foot  on  the  foundation-bed  is  diminished  and 
■dacy  to  vertical  settlement  corre^poddingly  lessened. 
By  'mf^'rmtin^  the  area  of  the  base  of  a  wall,  footings  add  to  its  stability 
fan  a  protection  against  the  danger  of  the  work  being  thrown  out  of 
i  fay  say  forces  that  may  act  on  it.  Nearly  every  building  law  requires 
tmy  foundation  wall  or  {xer  and  every  cellar  or  basement  wall  or  pier 
bn  1  footing  at  least  12  in  wider,  that  is,  6  in  on  each  side^  than  the  thick- 
f  the  wiH  or  pier,  and  this  may  be  considered  as  the  minimum  projection, 
t  it  rare  mstances  where  there  may  be  a  spedal  reason  for  making  it  less, 
ta  fob  and  for  comparativdy  light  buildings  a  projection  of  6  in  on  each 
f  t  wall  win  generally  reduce  the  unit  pressure,  that  is,  the  pcessuxe  per 
tkoL,  to  the  safe  resistance  of  the  soil,  but  it  is  always  wise  to  proportion 
oca^  to  a  unifcMm  unit  pressure,  as  explained  in  Chapter  II,  Subdivision 
» lave  any  osef ui  effect,  f ootiogs  must  be  well  bedded  and  have  sufficient 
cae  strength  to  resist  the  upward  reactions  on  the  pn»jectioB8. 

m  FoetiagB  lor  Walls  with  Ordinaiy  Loads.  Stone  cellar  walls  and 
eat  walk  generally  have  stone  footings,  although  if  the  walls  are  heavily 
la  bottom  footing  of  coarse  concrete  is  advisable  under  the  stone  footing. 
dicaUe,  stone  footings  should  consist  of  stones  having  a  width  equal  to 
t  the  footing.  If  impracticable  to  obtain  stones  of  this  sise^  then  two 
f  Aoold  be  used,  meeting  under  the  middle  line  of  the  wall.  In  any  event 
icdng  ooorse  should  extend  inside  of  the  course  above,  a  distance  equal  to 
K  one  and  one-half  times  the  projection,  otherwise  the  stones  will  not 
9f  cansmit  the  loads  and  reactions  and  the  footing  courses  will  tend  to 
I  the  jiacnts,  as  in  Fig.  1. 


r  ft  mmpktr  il'tf— ■""  of  foaodations  in  general  and  the  mechanical  principles 
i  k  tkir  stio^th  ud  stability,  for  walb,  pien,  etc..  bdow  the  basement  or 
hm.  wee  Chapter  II. 

^1  coofilete  diacoHioo  of  footing  oouiBes  for  heavy  buildings  and  of  the  theories 
tKoKS  developed  in  offset,  ixojectSig,  or  cantilever  footings,  aee  Chapter  II« 
m  SabdmnooB  17  to  23, 
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Stone  footings  should  be  of  hard,  strong  and  durable  stones,  always 
their  natural  bed  and  solidly  bedded  in  moitar.  As  a  general  rule.  I 
buildings,  and  where  the  loads  nfir  unit  of  foundation-bed  are  much  k 

the  allowable  pressure,  the  thickness 
course  is  made  about  equal  to.  its  pr 
b^yotad  the  cotlrse  above.  The  mo 
ioo»jdefifect  in  \aK9t-9taat  footings 
the  stones  are  not  properly  bedded, 
more  difficult  to  bed  a  large  stone 
small  one.  Xbe  stones  should  be  b 
thick  bed  of  mortac  and  worked  sidcw 
a  bar  until  firmly  settled  in  place. 

Olfsfts  iA   Masonry  Footings. 
projections  of  the  footing   courses 
^ tibe  wallL  or  b«BN»d  the  cotescs  abov 

Fig.    L   sum*  Footing.    Openings   ^..e"^?'  considflwi  whatever  t 
atjoiBta  tciial  of  the  footings.    If  the  proje 

tJbe  foottig  oc  ofiset  el  the  ootints 
great  (ot  the  strength  of  the  stone,  brick,  or  concrete,  tibe  fnotins  wil 
as  shown,  in  Fig.  2.  The  proper  oilSet  for  each  oouBse  depeods  u| 
vertical  load,  the  transverse  strength  of  the  material, 
the  reastipg  power  of  the  fbuBdatio»'bcd  and  the 
thickness  of  the  course.! 

Tables  for  Offteta  for  MaaoAi^f  Paottaig 
Coufaaa.^  As  stated  in  Chapter  n,  In  the  discus- 
sion of  the  design  of  stepped  footings,  there  are 
rule^f-thumb  metiiods  giving  so-called  safe  project 
tions  fisr  given  depths  of  footings  or  giving  the  ratios 
between  the  peojections  and  the  depths  ef  the  courses. 
Tables  oi  oibets  for  footing  courses  of  different  nm- 
terials  have  been  computed  from  the  fiexnre-formula 
applied  to  the  projectiiig  footing  courses  considered  as 
GwnunnR  BBAiis  uniformly  loaded  by  the  upwaid  pressures  on  the  uni 
Although  these  tables,  so  computed,  are  incoiriorated  in  some  bidldin] 
they  cannot  be  ssJGely  used  without  numerous  restrictions,  exceptions  an 
ficatioasi  and  heooe  they  are,  in  general,  unreliable  and  of  use  only  as  i 
mations.  As  tfatac  tables  are  stlB  insetted  k»  engineers'  and  architects 
books,  the  table  of  offsets  for  masewy  footing  coattes,  in  a  sevised  fan 
tained  in  this  chapter  with  the  tecoBMnendatioa  that  for  fioothigs  of 
offsets  it  be  used  with  caution  and  that  for  such  footings  the  methods  a 
in  Chapter  II  be  used  when  greater  accuracy  ol  results  b  required. 

Hotaa  Regarding  Uaa  of  TaW»  L    Tlie  values  in  Table  I  are  co 

from  the  formula  l^  Hd  y/Sf/wf  which  Is  derived  from  the  flexube-v 
for  a  uniformly  leaded  cantilever  beam,  and  slightly  changed  to  m 
numerical  coefficient  of  the  second  member  of  the  equation  the  value : 
In  this  equation,  /  ■*  the  maximum  allowed  offset  of  the  footing  course  ii 
d  "■  the  thickness  of  the  footing  course  in  inches,  5^  •■  the  modulus  of 

*  See  Offaet  Footings,  Cbaptec  IL  wpaciaMy  Sttbdtvifli»n»  it  sal  as. 

t  See  Chapter  II,  Subdivision  a>.  ffOf  a  cwnplete  diwnniiiin  of  die  priadfte 
in  the  design  of  projecting  footings,  ratio  of  projection  to  depth  oE  footing,  dc.,  I 
geneoua  slabs,  aeparate-byer  footings,  etc. 

I  See  ChacMter  II,  Subdivision  32,  page  igo. 

S  See,  also,  formula  in  Chapter  II,  Subdivision  aa. 


Fig.  3.    wroaa  m 
from  Excessive  C 
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Valties  at  Offsets  for  Masonry  Footing  Courses  in 
Terms  of  the  Thickness  of  the  Course 

are  compnted  with  &  factor  of  safety  of  xo. 


If aitprial  of  the  footings 


pbfh  Rirer  BInestone  (ordinary  nin) 

Camst  Uveniee) 

ia'Toase) 

(good  bricks  in  natural^^eanent  mortar, 

x:%6o&ysold) 

iBkaork  Qiard-biiraed  bricks  in  Portlaod-cement 

'  aotir,  X :  J.  60  days  old) 

fiMcrde  (^jrtlaad  cement,  x  :  2  :  4,  i  month  old) . 
pWRle  (Porthuid  cement,  x  :  3  : 4. 6  months  old) 


5yin 

pounds 

per  square 

inch 


3000 

X850 
1375 
1375 

125 

400 
300 
400 


IV  in  tons  per 
square  foot 


0.5 


4.x 
32 

a. 8 

a. 8 

0.8 

1.6 

13 
X.6 


1.0 


3.9 
3. a 

B.O 

8.0 
0.6 
x.x 

0.9 

x.x 


3.0 


3.0 

1.6 
«  4 
1.4 

0.4 

0.7 
0.6 
0.7 


'^  aatexkb  Id  poustds  per  square  inch,  v  <-  the  determined  or  assumed 
ttmt  en  the  bottom  surface  of  the  footing  oouiBe  considered,  in  tons  of  2  000 
pff  iq  ft  uid  /  »  the  factor  of  safety  used.  The  table  gives  the  values  of  l/d 
tfknt  vwt  pressures  w.  For  example,  if  v  is  taken  at  3  tons  per  sq  ft,  then 
(iBHiaw  or  aonlstoiie  footings  //i*  1.4,  and  if  d,  the  thickness  of  the 
akg  oootsc,  is  13  in,  the  offset  or  projectkm  should  be  16  or  17  in.  The 
hsgrvcB  m  tlie  table  for  Sf,  the  oKxhilxis  of  rupture  for  the  iniiterisis,  *fi£Fer 
b^Bh^r  fnm  tkose  given  m  SubdMswn  aa  of  Chapter  U,  ia  Table  I  of 
XV  and  in  Table  III  of  Chapter  XVI.  If  results  are  required  based 
[bci"Sti  esses,  upon  a  different  factor  of  safety,  or  upon  different 
per  square  foot,  the  formula  may  be  used  instead  of  the  table.  It 
lidshnj^t  be  borne  in  ixund  that  as  each  footing  course  transmits  the  entire 

Kof  the  waU  axid  its  lotd,  the  pressure  will  be  greater  per  square  foot  on 
jper  ojuses,  axwl  that  the  offsets  should  be  made  proportionately  less; 
I  Ibt  the-  values  in  Table  I,  when  applied  to  stone*masonry  footings,  are 
W  ^afid  for  the  lower  offset  only,  and  then  only  when  the  footing  is  built 
pocs  the  thickness  of  which  is  equal  to  the  thickness  of  the  course,  which 
ka  peoiection  of  leas  than  half  their  length,  and  which  are  well  bedded  in 
pt  mortar. 

TffiUi  Footiiicik*    For  buildings  of  great  weight,  except  the  vexy  heaviest, 

SedaQy  for  those  built  on  a  clay  soil,  concrete  generally  makes  the  best 
aad  it  is  even  preferable  to  and  generally  cheaper  than  large  slabs  of 
h  When  the  concrete  is  properly  made  and  used,  it  attains  a  strength 
Id  that  d  xnost  stones,  and  imder  walls,  being  devoid  of  joints,  it  is  like 
BEAM,  having  sufficient  strength  to  span  any  soft  spots  that 
Id  be  in  the  foundation-bed.    When  deposited  in  thhx  layers  and  well 
te  becomes  firxnly  bedded  on  the  bottom  of  the  trenches,  so  that 
BO  powiMr  diance  for  settlement  except  that  due  to  the  oompRSsion  of 


of  concrete-footing  design,  ice  Chapter  II,  Subdivision  as.    Fox 
footing  design,  see  Chapter  11,  Subdivision  24.    See,  also,  Chi4>ta 
xciatxng  to  fooChigB,  pages  978  to  982. 
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PreiMtfing  the  Treachea.  For  footings,  concrete  made  with  Poi 
cement  !s  preferable,  and  it  should  have  a  thickness  of  at  least  8  in,  even 
light  buildings;  and  for  buildings  of  more  than  two  stories,  a  thicdcness 
least  12  in.  (^  firm  soils,  such  as  hard  day,  the  trenches  should  be  accu 
dug  and  trimmed  to  the  exact  width  of  the  footings,  so  that  the  conoret 
fill  them.  When  the  foundation-bed  is  of  loose  gravel  or  sand  it  is  gen 
necessary  to  set  up  planks  to  confine  the  concrete  and  form  the  sides  < 
footings.  These  planks  may  be  held  in  i>lace  by  stakes;  they  should  t 
in  place  imtil  the  concrete  has  become  hard,  which  generally  reQuires  froi 
to  four  days,  after  which  they  may  be  pulled  up  and  dirt  filled  in  a^ain 
concrete.  The  proportions  and  manner  of  mixing  concrete  are  described 
latter  part  of  thb  chapter. 

Depositing  the  Concrete.  Concrete  should  be  used  as  soon  as  mi« 
should  always  be  deposited  in  layers,  which  as  a  rule  shoukl  not  exceed  i 
thickness,  especially  for  the  first  layer.  On  small  jobs  where  the  work  h 
by  hand  the  concrete  is  usually  carried  to  the  trenches  in  wheel-barrov 
dumped  into  the  trenches.  The  height  from  which  the  concrete  is  du 
however,  should  not  exceed  4  ft  above  the  bottom  of  the  trench,  because  vi 
falls  from  a  greater  height  the  heavy  particles  are  apt  to  separate  fro 
lighter  ones.  As  soon  as  the  concrete  has  been  deposited  in  the  trend 
should  be  leveled  off  and  then  tamped  with  a  wooden  rammer  weighing 
20  lb,  until  the  water  in  the  concrete  is  brought  to  the  surface.  Concrete  i 
not  be  permitted  to  dry  too  quickly,  and  if  twenty-four  hours  elapse  b< 
the  deposits  of  the  successive  layers,  the  top  of  each  layer  should  be  spc 
before  the  next  is  put  in  place.  For  buildings  over  five  stories  high,  it  is  1 
idea  to  place  a  stone  footing  course  above  the  concrete  footing,  if  suitable 
for  the  purpose  can  be  obtained. 

Brick  Footings.  Where  the  foundation  walls  are  of  bricks,  the  f ootii 
usually  brick  or  concrete.    For  interior  walls  on  dry  ground,  and  in 


1  BRICK 


t^BRICKS 


•Ti 


Fig.  3.    Brick  Footing.   WaU 
One  Brick  Thick 


Fig.    4.    Brick  Footing.    Wall  One  1 
One-half  Bricks  Thick 


localities  for  outside  walls,  brick  footings  are  fully  as  good  as  stone  fo 
provided  good,  hard  bricks  are  used  and  the  footings  are  properly  built. 
footings  should  always  start  with  a  double  course  on  the  foundation-b 
then  be  laid  in  single  course  for  ordinary  footings,  the  outside  oi  the  'wori 
laid  all  headers,  as  in  the  accompanying  illustrations,  and  no  a>ur9e  pro 
more  than  one-fourth  the  length  of  a  brick  beyond  the  one  above  it»  ex 
the  case  of  an  8-in  or  9-in  wall.  For  brick  footings  under  high  or  heavily 
walls,  each  projecting  course  should  be  made  double,  the  header -coiTftsE 
and  the  stretcher-course  below.    Figs.  3,  4,  5  and  6  show  footings  fc 
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H  Inn  OBB  biick  to  three  bricks  in  thickiWM.    Tlic  bricks  lued  lai  foot- 
'   "be  the  hardest  ind  soundest  that  can  be  obuined,  should  be  laid  in 

lar  and  should  be  dtfaec  grouted  oi  tboroughly  slushed  up,  so  that 
I  ii±  ifaafl  be  entirely  &iled  with'  ntoitai.    The  writer  f avoR  Cl 
ld±  kiotii^   that   is.   the 

thin  iBOEtai  to  fill  the 

&  u  be  has  always 
^  dot  it  nres  very  satisf  ac- 

.    The  bottom  course 

iac  should  always  be 
1  B  1  bed  of  mortal  spread 
He  bottom  ol  the  ticnch 
I  the  Inter  has  been  care- 
t  ImU.  AD  bricks  !aid  in 
■  or  dry  weather  should  be 
n^ijr  wet  before  laying,  for. 
■1  *y.  they  rob  the  mortal 
I  hqc  pensitap  of  the  mois- 
rt  ontatda,  greatly  weakenii 
a  UUBtioo  should  be  given 


Wall  Two  Bricks  Thkk 


adhcMon  and  strength  o(  the  mortar. 

the  laying  ol  the  footing  courses   oE 

upoa   them  the  stabihty  ol  the  work  largely  depends.     If  the 

solidly  bedded,  if  any  rents  or  voids  are  left  in  the 

I  tt  Ibe  majoiuy,  or  if  the  materials  themselves  are  unsound  or  badly 


F«.  «.    Brick  FoodDf.    Wall  Tbtce  Brkk)  Tlilck 


B 


u*  In  a  lew  biuldingi  in  which  the  external  walla  are 
to  piex*  with  wide  openings  bttwecn  them,  and  in  which  the  suppoit- 
al  the  •oil  ii  not  more  than  a  or  j  tons  per  sq  ft,  it  was  thought  denr- 
nMct  the  bases  ai  the  pieia  by  mewis  of  IHVEBTED  axCBES,  for  the  pur- 
icight  ol  the  |Heis  over  the  whole  length  of  tbe  footings, 
of  invstcd-arcb  footings  are  shown  in  Figs.  7 1  and  8,  t  which  represent 
iploycd  in  the  Dread  Biulding  in  Philadelphia 
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tad  Ibe  Woiid  Building  in  New  York  City.  Cnleu  the  pien  are  kbont  eq 
baded,  bavever,  it  ii  genenUly  irapauible  to  distributE  tfae  wcigbt  cvmljr 
if  the  aichea  eitead  to  an  angle  of  tbe  building,  tbe  end-arch  must  be  pra 
with  tict  of  sufficimt  streofcth  to  roiit  the  TntisT  of  tlie  arcb,  aa  otiwni 
may  push  out  tbe  coinei-iHer.  It  is  usually  iMtter  to  build  tbe  iMera  with 
late  fogtings,  projecting  equally  od  all  aides  of  tbe  pier,  «Dd  Micll  propoil 


Fir.    ■■    Invetted^rch    Fcwtiof. 
fiulUliii.  Naw  Y«k 

to  the  load  supported.  The  intermediate  wall  may  be  supported  by  steel  I 
or  by  arches.  About  the  only  advantage  over  ordlnaiy  maaoniy  fo 
possessol  by  inverted  arches  is  in  the  resulting  shaUoMcr  foundations. 

The  following,  relating  to  inverted  atche^  is  taken  from  the  New  York 
ing  law:  "If,  in  place  of  a  continuous  foundation  wall,  bolated  juers  are 
built  to  support  the  superstructure,  where  the  nature  of  tbe  ground  ar 
character  ot  the  building  make  h  necesNiry,  in  the  o[iA>n  of  the  Conmus 
of  Buildings  having  jurisdiction,  inverted  arches  resting  on  a  proper  I 
concrete,  botk  designed  to  traosiiut  with  safety  tbe  superimposed  loadSi 
be  turned  between  the  piers.  The  thrust  of  the  outer  piets  shall  be  tak 
by  suitable  wrought-iion  or  steel  rods  aud  plate*. "    (Law  of  1906.) 

S.  CbIUi  WiHb  and  B«MinMit  Wnlla 

Deflldliimt.  These  terns  are  geneialty  applied  to  walls  wMdi  are 
the  surface  of  the  ground  or  below  the  water-table  or  first-floor  I 
which  support  the  luperstructura  and  which  go  down  to  the  rouNDAnoN  1 
properly  so  called.  (See  Chapter  II.  Diviaons  i  and  19.)  Walls  wboa 
office  is  to  withhold  a  bank  of  earth,  soch  as  the  walls  around  alcMt  u* 
KEiADniHi-WAUs.    (For  retaimng-walls,  see  Chapter  IV.) 

Materials  for  C^ai  and  BM«iBant  Wall*.  These  waHa  majr  be  t: 
brick,  stone  or  concrete.  Buck  is  suitable  only  in  very  dry  suls  or  for  ■ 
wall  with  a  cellar  or  basement  on  each  side  of  h.  PoBTUHD-csmHT  con 
b  an  excellent  matiHal  for  fDundatioa  walla,  awl  is  being  mure  ext«i 
used  in  tbeir  construction  ev^y  year.  The  concrete  may  be  filled  in  bi 
wooden  forms,  which  hold  it  in  place  until  it  haa  set,  or  coacitia  iitxki  § 
•o  ai  to  lonn  a  solid  wall  may  be  used.    If  kosed  oohcbcis  ta  mat  lb* 
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be  removed  as  boob  as  the  ODBoete  has  set  and  the  wafls  should  be 
oacc  or  twice  a  day,  if  the  weather  is  dry,  so  that  the  concrete  will  not 
prickly  Good  haid  ULDGC-ffroNB,  espedaUy  if  it  oomes  from  the  quarry 
beds,  makes  not  onty  a  stioner  wall  but«  if  well  built,  one  that  will  stand 
of  moistttre  and  the  pressure  of  the  earth  much  better  than  a  brick 
%  Between  a  good  stone  wall  and  a  wall  of  Poftknd-oement  concrete, 
RB  probably  not  much  choice,  except  perhaps  in  the  matter  of  expense,  the 
tfae  cost  of  stonework  and  concrete  viarying  in  different  localities.  A  wall 
kof  soil  stones,  or  stones  that  are  very  irregular  in  shape,  with  no  flat  surfaces, 
pti^  ia£esior  to  a  concrete  wall,  or  even  to  a  wall  of  good  hard  bricks,  and 
idd  be  used  only  for  dweflings  or  Ught  buildings.  Stone  walls  should  never 
Jb  than  i8  in  thick,  and  shouU  be  well  bonded,  with  full  and  three-quarter 
iiEi\  and  all  spaces  between  the  stones  should  be  Elled  solid  with  mortar 
I  kofcen  stones  or  spaUs.  The  mortar  for  stonework  should  be  made  of 
and  sharp  and  rather  coarse  sand.  The  outside  walls  of  cellars 
should  be  plastered  smooth,  on  the  outside  with  i  :  2,  or  i  :  iH 
■at  moctai;  from  ^i  to  ^  in  thick.    In  heavy-clay  soils  it  b  a  good  idea  to 

Cthe  walls  on  the  outside*  making  them  from  6  in  to  i  ft  thicker  at  the 
than  at  the  top. 

KctaMi  ol  C«Oar  and  Bnsament  WaUs.  This  is  usually  governed  by 
t  el  Che  Wills  above,  and  also  by  the  depth  of  the  wall.  Nearly  all  building 
pWins  icquire  that  the  thickness  of  the  cellar  and  basement  waU,  to  the 
^«f  u  it  bdow  the  grade-line,  shaH  be  4  in  greater  than  the  thickness  of  the 
libovie  lor  bricks,  and  8  in  greater  for  stone,  and  that  for  every  additional 
I  or  part  thereof  in  depth,  the  thickness  shall  be  increased  4  in.  In  all  large 
Bfhethickneas  of  the  wails  of  buildings  is  controlled  by  law.  For  buildings 
likk  the  tfcSrfciMiMt  of  the  walls  is  not  so  governed,  the  following  table  will 


Table  IL.    Tbickness  of  Cellar  and  Basement  Walls 

He«|tt  of  building 

DweUingi.  hotels, 
etc. 

Warehouses 

Brick, 

in 

Stone, 
in 

Brick, 
in 

Stone, 
in 

■Am. 

13  or  16 
16 

ao 

24 
26 

ao 

20 
24 

OR 
3» 

16 
ao 
34 
24 

2g 

24 
38 
23 
3* 

ftrrfftmis 

Hrnnrin 

ktiteics 

' — ' 

^  2*   WaUa  of  the  Superstracttire 

lick  tnd  Stone  WaUs.    Very  little  is  known  regarding  the  STAsaiTY  of 

bdldings  beyond  what  has  been  gained  by  practical  experience.    The 

in  any  horizontal  sections  of  such  walb,  which  can  be  detennined 

accuracy,  are  the  direct  weight  of  the  walls  above  and  the  pressure 

the  Boors  and  roof.    In  most  walls,  however,  there  is  a  tendency  to 

t»  overcome  which  it  is  necessary  to  make  them  thicker  than  would 

to  resist  the  imsect  crushing  stress.    The  resistance  to  fire  should 

taken  into  account  in  deddiog  upon  the  thickness  of  any  given  walL 
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The  strength  of  a  wall  depends  also  very  much  upon  the  quality  of  the  mi 
used  and  upon  the  way  in  which  the  wall  is  built.  A  wall  bonded  evei] 
in  height,  and  with  every  joint  slushed  full  with  good  ikh  mortar,  is  as 
as  a  poorly  built  wall  4  in  thicker.  Walls  laid  with  cement  mortar  a 
much  stronger  than  those  laid  with  lime  mortar,  and  a  brick  wall  buii 
bricks  that  have  been  well  wet  just  before  laying  is  very  much  stronger  tfa 
built  with  dry  bricks. 

Thickness  of  External  Walls.  In  nearly  all  the  larger  dties  of  the  c 
the  minimum  thickness  of  the  walls  is  prescribed  by  law  or  ordinance, 
these  requirements  are  generally  ample  they  are  commonly  adhered  to  bj 
tects  when  designing  brick  buildings.  Table  III  *  gives  the  thickness  o 
walls  required  for  mercantile  buildings  in  representative  cities  of  di 
sections  of  the  United  States,  and  affords  about  as  good  a  guide  as  0 
have,  because  the  values  given,  as  a  rule,  represent  the  judgment  0 
qualified  and  experienced  persons.  Walls  for  dwellings  are  general! 
mitted  to  be  4  in  less  in  thickness  than  for  warehouses,  although  ir 
cities  little  or  no  distinction  is  made  between  business  blocks  and  dwell! 

Table  IV  gives  the  thickness  required  for  the  brick  walls  of  dwelling! 
ments,  hotels  and  office-buildings  f  in  Chicago.  The  thickness  given  Is  tli 
mum  that  should  be  allowed  for  the  walls  of  such  buildings,  unkas 
special  conditions  exist.  For  modifications  for  different  classes  of  buikfi 
the  building  code.  In  St.  Louis  the  two  upper  stories  of  dweUinss  are  r 
to  be  13  in,  the  next  two  below,  18  in,  the  next  two  as  in^  and  the  next  tn 
thick. 

In  compiling  Table  HI  the  top  of  the  seoond  floor  was  taken  at  19  fl 
the  sidewalk,  and  the  height  of  the  other  stories  at  13  ft  4  in,  inchkH 
thickness  of  the  floor,  as  the  New  York  and  Boston  laws  and  the  laws  < 
other  cities  give  the  height  of  the  walls  in  feet  instead  of  in  stories.  W 
height  of  stories  exceeds  these  measurements  the  thickness  of  the  walls  i 
cases  will  have  to  be  increased.  The  Chicago  ordinance  (1916)  spedfi 
"where  12-in  walls  are  used,  the  story-heights  shall  not  exceed  z8  ft,  whe 
walls  are  used,  the  story-heights  shall  not  exceed  24  ft,  and  where  20-i 
are  usedi  the  story-heights  shall  not  exceed  30  ft." 

General  Rule  for  Thickness  of  Wafls.  Although  there  are  great 
ences  in  the  thickness  given  in  Table  III,  more  indeed  than  there  sfao 
a  general  rule  might  be  formulated  from  it,  for  icercantile  buixj>iw 
four  stories  in  height,  which  would  be  somewhat  as  follows: 

For  bricks  equal  to  those  used  in  Boston  or  Chicago,  make  tbe  thidi 
the  three  upper  stories  16  in,  of  the  next  three  below  30  in,  the  next  thn 
and  the  next  three  28  in.  For  a  poorer  quality  of  material  make  only  1 
upper  stories  16  in  thick,  the  next  three  20  in,  and  so  on  down.  In  buildi 
than  five  stories  in  height  the  top  story  may  be  12  in  thick. 

In  determining  the  thickness  of  walls  the  following  general  principles 
be  recognized: 

(i)  That  walls  of  wareho\ises  and  mercantile  buildings  should  be 
than  those  used  for  living  or  office  pivposes. 

*  Since  this  table  was  compiled,  some  provisions  of  some  laws  have  been  cl^i^ 
the  requirements  relating  to  the  thicknesses  of  walls  vary  but  Uttle  from  thoi 
As  building  laws  of  different  cities  are  amended  from  time  to  time,  architects  and 
must  be  guided  by  the  code  in  force  in  the  city  in  which  a  building  b  to  be  erectc 
table  repre!«ents  the  average  requirements  and  is  useful  for  comparative 
a  guide  for  those  building  outside  of  cities,  or  where  no  special  buflding 

t  For  other  than  steel  skeleton  coDstmction. 
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HI*    TUckBCM  ia  Inches  of  Walli  for  Meramtfle  BoOdinfi  and. 


Hsight 

i 

p  Bd^t  and  locatioa  o(  building 

[ 

Stories 

1st 
i6 

13 
12 
12 
i8 
13 
17 
13 

20 

i6 
i6 
i6 
i8 
17 
17 
13 

20 

i6 

20 

i6 

22 
21 

17 
I8 

20 
20 
30 
20 
22 
21 
21 

i8 

24 
24 
20 
20 

26 
26 
21 
22 

24 
28 

30 
20 
26 
26 
22 

23 
33 
24 
24 

30 
30 

22 

2d 

13 
12 
12 
13 
13 
13 
13 
13 

l6 

i6 

13 
13 

x8 
17 
17 
13 

l6 
l6 
i6 
i6 
z8 
17 
17 
i8 

3o 
i6 

30 

i6 

23 

31 

17 
18 

20 
30 
20 
20 
22 
31 
31 
I8 

30 

24 

30 
30 
26 
31 
32 

34 

28 

24 
20 
26 
26 
22 

3d 

4th 

Sth 

6th 

7th 

sth 

i 

BoAon 

N«w  York 

\ 

Cbicaflo 

hn 

Minneapolis x . . . 

D*nv«T   .           .   .    .   X   .     X  ^ 

i 

San  Francisco 

N«r  Ori^^nn     

f  Boston 

i6 

12 
12 
12 
13 
13 
13 
13 

l6 
i6 
i6 

12 

18 
17 
17 
13 

20 

i6 
i6 
i6 
i8 
17 
17 
18 

20 

20 
20 

i6 

23 

21 

17 
l8 

20 

?4 

20 
20 
23 

21 

i8 

20 

34 
30 
30 
36 
21 
33 

• 

Sem  York 

htt 

Iftnnnkpolis 

St.  Louis 

• 

r 

Sin  Francisco  . 

i6 

13 
12 
12 

13 
13 
13 
13 

20 

i6 
i6 

12 
i8 
17 
17 
13 

20 

i6 
i8 
17 
17 
i8 

20 
20 
20 
l6 
22 
21 

i8 

20 
34 
30 
20 
22 
21 
l8 

. 

N«r  York 

Iber 

Mirn<apolis 

^ 

Draver 

Sew  Orieans 

? 

fBoston  

i6 
i6 
i6 

12 

13 
13 
13 

20 

i6 
i6 
i6 
i8 
17 
17 
13 

20 
20 
l6 

i6 
i8 

17 
i8 

20 
20 
20 

i6 

23 
21 
I8 

New  York 

Chiraco  

rw  i 

Sun  Ffsnci^co 

.... 

i6 
i6 
i6 

12 
13 
13 
13 
13 

30 

i6 
i6 
i6 
i8 
17 
13 

20 
20 
l6 

i6 
i8 

17 
i8 

New  York  

r^icaco     . . .  r . .  T  - -  T  r  - , . . , 

b 

Minneapolis . .  r . ,  t r  -  - ..,,,.  , 

Denver 

Svw  Orimm 

B(vton  

i6 
i6 
i6 

12 

13 
17 
13 

20 

i6 
i6 
i6 
i8 
17 

•  •      •      • 

•  •       •     • 

•  •       •       ■ 

•  •       •       • 

•  •      •       • 

i6 
i6 
i6 

12 

13 

T7 

New  York 

Chicaso  .      r r  t  --.,.... . 

^  , 

MinTMBTfolis  .........*.«... 

DCS 

5»t-  T.OUI*.  .  T  .  .  r , , 

Xew  Oceans 

Boston       

\ 

^ 

Oiiraffo ....«..t.-r. ...... 

fc 

llinriManolis.  ...r 

r 

^  LouiS 

F 
1, 

I 

New  Orlenns 

13       I*   1 

LI 

*  See  paiagnpha  sod  foot-note  on  paj;e  230. 
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TaUe  m  (Cootuwad).*   ThichiiMB  is  lachM  of  W«Us  for 

Buildmgs  and,  Szcept  in  Chicoco.  for  all  Buildings  Over 
Fiye  Stories  in  Hoi^t 


Height  and  location  of 
building 


Nine 
otocies 


Boston 

New  York 

Chicago 

Minneapolis.. 

St.  Louis 

Denver 


Ten 
stories 


Boston 

NewYurk... 

Chicago 

Minneapolis. . 

St.  Louis 

Denver 


Stories 


lat 


Eleven 
stories 


Boston 

New  York. 

Chicago 

Sr.  Louis... 
Denver. .. . 


Twelve 
stories 


Boston 

New  York. . . 

Chicago 

St.  Louis 

Denver 


28 
33 

34 

34 

30 

30 

38 

36 

28 
34 

34 
30 

36 
36 
38 
34 
30 

36 
40 
38 

34 
30 


3d 


34 
33 

34 
34 
30 
26 

28 
33 
28 

34 

30 
30 

33 
36 
38 

34 
30 

3A 

3« 
28 

34 
30 


3d 


34 
28 

34 

30 
36 
36 

34 

33 

34 

34 

30 
26 

33 
33 

34 
30 
26 

33 

36 
38 

34 
30 


4th 


20 

34 

30 
30 
36 
21 

34 
38 

34 

30 
36 
36 

38 

28 

34 
30 
26 

33 
33 

34 
30 
36 


sth 

6th 

7th 

8th 

9th 

20 

30 

20 

20 

x6 

34 

30 

30 

16 

x6 

30 

30 

x6 

t6 

x6 

30 

x6 

16 

16 

12 

33 

33 

18 

18 

13 

3X 

31 

17 

17 

17 

30 

30 

20 

20 

ao 

34 

34 

30. 

20 

x6 

34 

ao 

30 

30 

16 

30 

30 

X6 

x6 

x6 

36 

33 

22 

x8 

18 

31 

31 

21 

17 

17 

38 

34 

20 

20 

ao 

38 

34 

34 

20 

ao 

34 

30 

ao 

30 

16 

36 

36 

23 

33 

18 

26 

21 

21 

2Z 

17 

38 

38 

34 

ao 

ao 

33 

38 

34 

34 

ae 

34 

34 

20 

30 

20 

30 

36 

26 

23 

22 

36 

36 

21 

21 

ax 

xoth'xxl 


16 
16 
x6 
xa 
13 
17 

20 
x6 
x6 
x8 
17 


x6 
x8 
17 


x< 
x< 

i: 

» 

u 

x< 
xl 

X' 


*  See  footnote  on  page  230. 

Tablo  IV.t   Thicknoot  of  Bndotia|e  Walls  for  Rosidonces,  Ti  ^ 
Hotels  and  OAce-Boildiiigt*!   Qiicafo  BuUdinc  OnUaaac«  <Z9z€ 


dumber  of  stories 

Base- 
ment 

Stories 

xst '  3d    3d 

4th 

5th 

6th]  7th 

8th 

9th;zciai 

XX 

3a6enient  and . . . 

One<«tory 

Two-story 

X3 

x6 
16 

30 
34 
34 
34 
34 
38 
38 
38 
33 

13 

1 

i 

13 

x6 

30 
30 
30 

13     ... 

...1... 

Three-ttory.. ... 
Pour-story 

X8       13 

x6     x6 
30  ,  x6 
30      20 

1 

13 

x6 

16 

30 
30 
30 
34 
34 
34 

•  s  • 

Pive-story 

x6 
x6 

16 

30 
30 
34 
34 
34 

Sii-story 

x6 
16 
16 

30 
30 
30 

34 

Seven-story. .... 

30  !  30      30 

x6 
x6 
16 

30 
80 
30 

Bight^story 

Nine-story 

Ten'Story 

Bleven-story 

Twelve-story. , . 

84 
■4 
38 
38 
38 

34  1  30 
34      34 
38      34 

38     34 

38      38 

1 

x6 
x6 
z6 
so 

30 

xV 
x6 
16 
ao 

16^ 

xe 

x6 

X 

s 

t  These  thicknesses  are  allowed  when  certaio  requirements  are  fwlfiUcd  in  x« 
n^hs  of  walls,  heights  of  stories,  etc.  For  these  modifying  restrictions  and 
afisifications  of  buildings  !n  regard  to  their  uses  the  building  laws  xxnxst  be  co 
he  table  is  inserted  in  thb  form  as  a  useful  genend  gukle  and  as  an  iUustcmtiod 
rerage  contemporary  practice.  For  modifications  for  different  classes  of  ~ 
ide. 
I^or  other  than  steel  skeleton  construction. 
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llbii  Ingh  stories   and  dear  spans  exceeding  35  ft  require  thicker 

i 

|Thit  the  length  of  a  wall  is  a  source  of  weakness,  and  that  the  thickness 

Hbeiacreased  4  in  for  every  25  Tt  over  100  or  125  ft  in  length.    In  New 

t  Ae  tbickneses  given  in  the  table  miist  be  increased  for  buildings  exceed- 

B5  ft  m  depth  on  the  lot.    In  Western  dties  the  tables  are  compiled  for 

bcaes  135  ft  in   depth,  as  that  is  the  usual  depth  of  lots  in  those 

i 

I  Tbt  vaBs  with  over  33%  of  openings  should  be  increased  in  thickness. 

I  Hit  partition  waUs  may  be  4  in  less  in  thickness  than  the  outside  waUs 

ksvtr  60  ft  long,  but  that  no  partition  should  be  less  than  8  in  thick. 


ili  faced  wiOi  AaUar.  "Bearing  walls  faced  with  ashlar  shall  be  at  least 
i^ki.  Ashlar  shall  not  be  included  in  reckoning  the  thickness  of  walls 
■k  is  either  at  least  8  in  thick  or  alternately  4  in  and  8  in  to  allow  at  least 
ibood.  Ashlar  not  having  at  least  a  4-in  bond  in  alternate  courses  must  be 
to  tlie  bailing  by  metal  anchors,  one  to  each  block  3  ft  or  less  long,  and 
toexh  bk)ck  over  3  ft  long."  * 

shofdd  generally  be  4  in  thicker  than  required  for  brick 


'ikm  Walta.  HoQow  walls  aoe  undoubtedly  desirable  for  dwellings,  and 
Ivd  be  used  for  other  buildings  not  more  than  four  or  five  stories  in  height, 
BHst  of  the  security  afforded  from  the  weather.  Owing  to  the  fact  that 
«c  nsaaOy  more  expensive  than  solid  walls  and  occupy  more  space»  they 
It  very  extensively  used  in  this  country. 

s  Boston  building  law  requires  that  vaulted  walls  shall  contain,  exclusive 
Iks,  the  same  amount  of  material  as  is  required  for  solid  waUs,  and  the 
feiT  OB  the  inade  of  the  air-space  in  waUs  over  two  stories  in  height  shall 
it  im  than  8  in  thick,  and  the  parts  on  either  side  shall  be  securely  tied 
ha  «ith  tics  not  more  than  2  ft  apart  In  each  direction. 

Hi  tf  CoKrate  noeki.  Blocks  made  of  Portland-tement  concrete,  and 
II  ■  maids,  are  frequently  used  for  buikfing  walls  and  partitions  that  are 
feBtively  thin  and  bear  light  loads.  Patents  have  been  taken  out  on 
■t  fecms  of  bfecks  and  on  machines  or  processes  for  making  the  same. 
^  bladings  have  been  erected  with  walls  buiH  of  these  blocks.  Most  oHi 
kis  are  BM>lded  90  as  to  form  hollow  waUs.  Block  construction  of  this 
ki  Ma.  advantage  over  poured  walls,  in  that  the  blocks  are  thoroughly 
bd  before  they  are  set  and  hence  no  provision  is  required  for  expMinsion  or 
Idioa.  For  the  thin,  light  walls  above  mentioned  the  concrete-block 
fctiaa  B  better  adapted  than  soEd  concrete.  The  expense  of  forms  is 
fi  tad  also  the  tendency  to  crack  and  to  leave  an  unsatisfactory  surface- 
i  Cbacrete  blocks  may  be  substituted  for  any  ordinary  stone  or  brick 
hy.  Bmldmg  laws  usually  reqmre  the  thickness  of  waUs  of  hollow  con- 
Ikks  to  be  not  less  than  that  required  for  brick  walls.  They  diould  not 
^ is  party  walls.     (See,  also,  Chapter  XXIII,  Subdivision  3.) 


psCKoBw  TDm.  Hollow  tiles  are  used  for  the  external  waHsof 
b  and  KMaetmies  for  factories  in  some  locations  and  under  certam 
Kn.  For  exunpfe,  the  buiklmg  laws  (1913)  of  the  District  of  Columbia 
■pBvad  hoflow  tHeSk  not  k»  than  xa  in  in  thickness,  to  be  used  for  the 


*  Boston  Building  Law,  In  force  in  19x5. 
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external  walls  of  dwellings  located  not  less  than  3  ft  from  the  side  or  pu 
of  the  lot.  The  Philadelphia  laws  do  not  allow  the  use  of  hollow  tiles  i 
external  wall  or  heavy  bearing  partition.  As  far  as  fire-resistance  is  con 
construction  of  hollow  tiles  is,  of  course,  superior  to  wooden  construction, 
use  is  increasing,  the  outside  walls  being  usually  covered  with  cement  or 
although  occasionally  left  with  the  finished  texture  of  the  tile  surfac< 
reason  hollow  tiles  are  prohibited  by  building  ordinances  for  certain 
because  when  heated  and  then  suddenly  cooled  by  water  they  are  apt  t 
from  the  sudden  contraction.  Recent  conflagrations  have  shown  tbm. 
burned  terra-cotta  will  crack  and  fall  to  pieces  under  severe  heat  alone 
also,  Chapter  XXITI,  Subdivision  2.) 

Party  Walls.  There  is  much  diverdty  in  building  regulations  ic 
the  thickness  of  party  walls,  although  they  all  agree  in  that  such  walU 
never  be  less  than  12  in  thick.  About  one-half  of  the  laws  require  ths 
walls  shall  be  of  the  same  thickness  as  external  walls;  the  remainder  ai 
equally  divided  between  making  the  party  walls  4  in  thicker  or  tluni 
for  independent  side  waUs.  When  the  walls  are  proportioned  by  1 
pieviously  given  the  author  believes  that  the  thickness  of  tiie  party  wall 
be  increased  4  in  in  each  story.  The  floor-load  on  party  walls  is  ol 
twice  that  on  side  walls,  and  the  necessity  for  thorough  fire-prote 
greater  in  the  case  of  party  walls  than  in  other  walls. 

Enclosing  Walls  for  Steel,  Skeleton  Construction.  In  building 
skeleton  type  the  outer  masonry  walls  are  usually  supported  either  i 
story  or  every  other  story  by  the  steel  framework,  and  carry  nothing  I 
own  weight.  Such  walls  may,  therefore,  be  considered  as  only  one 
stories  high,  and  are  usually  made  only  12  in  thick  for  the  whole  hei| 
twelve-story  or  fifteen-story  building.  For  skeleton  constrtjcti 
Chicago  ordinance  allows  enclosing  walls  of  12-in  thickness  for  all 
The  former  New  York  City  code*  required  the  use  of  12-in  enclosing  wa] 
ft  of  the  uppermost  height  thereof,  or  to  the  nearest  tier  of  beams  to  that  i 
ment,  and  4  in  additional  thickness  for  every  lower  6o-ft  section  or  to  t 
est  tier  of  beams  to  such  vertical  measurement,  down  to  the  tier  of  bea 
est  to  the  curb-level.  But,  on  account  of  the  severity  of  some  of  the 
ments  as  applied  to  very  high  buildings  of  skeleton  constructioo,  pc 
was  frequently  given  by  the  Conunissioners  of  Buildings,  who  were  em 
to  mod^y  the  building  laws  within  certain  limits,  to  reduce  the  thi 
of  certain  walls  for  very  high  buildings,  according  to  the  peculiar  drciu 
of  each  case,  without  endangering  the  strength  and  safety  of  the  1 
A  few  of  the  earlier  tall  buildings  were  built  with  self-sustainikg 
starting  from  the  foundation,  while  columns  were  introduced  merely  to 
the  floors  and  to  give  additional  stiffness.  "The  World  Building,  Nt 
City,  erected  in  1890,  is  an  extreme  example  of  high-building  cons 
with  self-sustaining  walls.  The  main  roof  is  191  ft  above  the  str 
making  thirteen  main  stories,  above  which  is  a  dome  containing  six  s 
all,  a  height  of  275  ft  above  the  street.  The  self-sustaining  walls  arc 
sandstone,  brick  and  terra-cotta,  the  thickness  increasing  from  2  f t  a4 
to  as  much  as  1 1  ft  4  in  near  the  bottom,  where  the  walls  are  offset  to  a 
footing  15  ft  wide.  The  walls  are  vertical  on  the  outade  faces,  the  1 
being  varied  by  inside  offsets,  so  that  the  columns  are  recessed  into  1 
at  the  bottom,  but  emerge  and  are  some  distance  clear  of  the  wails  at  tl 

*  The  revised  Code,  1916-17,  allows  is-in  curtain  walls  in  skeleton  buildisifes 
height  of  buildinR,  when  supported  on  girders  in  each  story.  This  practice  a 
by  about  fifty  other  cities. 

t  From  Architectural  Engioeeriag,  by  J.  K.  Freitag. 
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4.    Hatiml  Cements  and  Mortan* 

and  Uses  of  Natural  Cements.  The  first  hydraulic  cements 
b  tlik  country  were  natural  cements,  manufactured  by  the  calcination 
fimestone  containing  sufficient  silica,  alumina  and  iron  oxide  to 
hfdnuHc  properties  when  the  burned  rock  was  pulverized  and  gauged 
Iter.  Thee  natural  cements  were  very  widdy  manufactured  and  used 
jeoest  years,  when  they  have  been  practically  completely  replaced  by 
cment.  Natural  cements  vary  in  color  from  light  yellow  to  dark 
amrffding  to  the  content  of  oxide  of  iron,  and  in  distinction  to  Portland 
they  are  not  uniform  in  their  composition  or  behavior.  The  chemical 
aad  physical  characteristics  of  various  natural  cements  vary  within 
not  only  between  cements  manufactured  iu  different  mills,  but  be- 
&  products  of  the  same  mill  at  different  times.  Natural  cements  set 
npidly  than  Portland  cements  and  are  slower  in  developing  strength, 
ipnduction  of  natural  cement  in  the  United  States  for  19 13  was  800  000 
vbUe  during  the  same  year  the  production  of  Portland  cement  was 
000  barrds;  from  which  it  is  seen  that  the  natural-cement  industry  is 
almost  extinct.  Natural  cement  may  be  used  in  massive  masonry 
vaght  cather  than  strength  is  the  ^sential  feature.  It  is  used,  also, 
ipKial  purposes,  such  as  in  the  manufacture  of  safes  and  in  certain 
paries  where  a  quick-setting  cement  is  necessary.    Where  economy  is  the 

e  (actor,  a  comparison  may-be  made  between  the  use  of  natural  cement 
KT  mixture  of  Portland  cement  that  wiU  develop  the  same  strength. 

Wilit  The  sped&cations  of  the  American  Society  for  Testing  Materials 
ifaetkat  a  bog  of  natural  cement  shall  contain  94  lb,  net,  of  cement,  and  that 
ilnd  of  natural  cement  shall  contain  three  bags  of  this  net  weight. 

bteslh.  A  natural-cement  mortar,  in  order  to  comply  with  the  require- 
0  of  the  standard  specifications  of  the  American  Society  for  Testing  Ma- 
Ih,  wxst  show  a  tenstij:  stkength,  for  the  neat  cement,  of  at  least  150  lb 
|i|e,  vhen  one  week  old,  and  250  lb  at  the  end  of  28  days;  or,  when  mixed 
)tee  parts  <A  standard  Ottawa  sand,  50  lb  at  the  end  of  one  week,  and  125 
H^cad  oi  2$  da3rs.  The  strength  of  i  :  2  natural-cement  mortar  is  about 
pt9t^  of  X  :  4  Portland-cement  mortar. 

as  of  Ifatoral  Cement  and  Sand  for  Mortar  and  Concrete. 

ior  rubble-stone  masonwork  and  ordinary  brickwork,  one  part  of 
oaaent  may  be  mixed  with  three  parts  of  sand,  by  measure. 

me.    A  product  closely  related  to  natural  cement  is  bydrattlic 

TiBS  is  manufactured  in  the  same  way  as  natural  cement,  but  the  rock 

sufficient  lime  to  permit  it  to  slake  like  quicklime.    When  the 

product  is  pulveti2ied,  it  sets  and  hardens  as  an  hydraulic  cement. 

limes  are  largely  manufactured  in  Europe,  and  especially  in  France 

but  in  the  United  States  they  have  been  manufactured  only  in  ^ 

This  is  due  to  the  fact  that  while  rock  of  suitable  composition 

foaad,  the  impurities  are  not  uniformly  distributed  through  it,  but  are 

ia  byers  or  seams  which  prevent  the  material  from  being  uniformly 

The  portion  of  the  rock  immediately  adjacent  to  and  including  the 

imparities  ovcrbums,  frequently  melting  like  a  slag,  while  the  purer 

oaoast  simply  of  quicklime;  and  while  the  resulting  mass  slakes  partly, 

when  pulverized  is  unreliable  as  a  cemenL 

data  rehdng  to  Cements,  Limes  and  Plasters  were  furnished  the  Editor  by 
Warner  Company  of  WilmiogtoD,  Del.    For  Limes  and  Plasters,  see  Part 
1548  to  X55S. 
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Grappier  Cement  is  a  by>product  produced  during  the  caldnation 

DRAULtC  LIME. 

La  Farge. Cement  is  an  imported  mon-staintng  grapkekcbme 
develops  nearly  che  same  strength  as  the  Portland  cements. 

ft.    Artifldal  Cementa  and  Mortars 

The  Aftiflcial  Caments  used  in  the  United  States  include  Portland 
and  PTizzolan  or  slag  cement. 

Portland  Cement.  The  principal  ardfidal  cement  in  thn  countrj 
is  Portland  ceuent.  It  is  manufactured  from  two  raw  materials  wl 
ground  to  extreme  fineness  to  secure  an  intimate  mix  before  burning, 
is  from  this  fact  that  it  derives  its  name,  artificial  cement.  Th 
terials  must  be  so  proportioned  that  in  the  finished  cement,  silica,  aluim 
oxide  and  lime  will  be  present  in  a  certain  ratio  which  must  be  mai 
within  close  limits.  In  the  Lehigh  Valley  region  of  Pennsylvania,  ii 
are  located  some  of  the  leading  Portland-cement  mills  of  the  United  Sti 
raw  materials  used  are  limestone  and  cement-rock.  The  cement-rock  ii 
pure  limestone  carrying  argillaceous  or  clay-matter.  In  order  to  bring  t 
content  up  to  the  required  percentage,  it  is  usually  found  necessary 
region  to  add  limestone.  In  other  districts  the  raw  materials  used  a 
stone  and  clay,  limestone  and  shale,  mari  and  clay  and  also  blast'fum 
and  limestone.  The  product  from  the  last-mentioned  mixture  shouk 
confused  with  the  common  slag  cement  or  Puzzolan  cement,  as  the  slag  s 
used  as  a  raw  material  supplying  silica,  alumina,  iron  oxide  and  fime;  s 
the  exception  of  the  use  of  slag  to  furnish  these  ingredients,  the  process  o 
facture  and  the  properties  are  substantially  the  same  as  for  the  other  I 
cements.  The  raw  mix  in  a  Portland  cement  mili  is  analyzed  at  mc 
several  times  each  hour  to  keep  the  composition  of  the  cement  within  tfa 
limits.  The  raw  material,  which  is  pulverised  as  fine  as  the  finished  cc 
burned  in  rotary  kilns,  the  fuel  used  in  most  instances  being  powder 
From  the  kiln  it  issues  in  the  form  of  cunker,  the  name  given  to  the 
rified  product.  After  cooling,  caldum  sulphate  in  the  form  of  gy 
added  to  control  the  set  and  the  product  is  pulverized  and  packed  for  st 
The  manufacture  and  properties  of  Portland  cement  have  been  made  tfai 
ixl  carefo]  study  by  the  American  Society  for  Testing  Materials  and 
American  Society  of  Civil  Engineers.  The  result  of  this  study  b  emb 
the  standard  specifications  of  the  American  Society  for  Testing  Matei 
tracts  from  which  are  given  in  the  paragraphs  following.  These  sped 
furnish  a  reliable  guide  for  the  acceptance  or  rejection  of  any  shipmei 
ment  and  have  been  very  widely  adopted  by  the  leading  architects  and  c 
of  this  country .  These  spedfications  do  not  stipulate  that  Portland  cem 
consist  of  any  one  particular  composition,  but  in  this  respect  confine  tbi 
to  the  limitation  of  the  magnesia  (MgO)  and  anhydrous  sulphuric  add  (S 
tent.  The  reason  for  this  is  that  with  different  raw  materials  it  is  foun 
sary  to  vary  the  composition  of  the  cement  to  obtain  the  correct 
properties  in  the  finish^  material.  Different  cements  which  satisfy  the 
meats  of  these  standard  specifications  are  generally  considered  satiafM 
ments  for  use,  although  the  composition  of  one  may  vary  in  some  pa 
from  that  of  another.  The  chemical  coMPOsmoN  of  a  good  braod 
land  cement  is  about  as  follows:  Lime,  62;  silica,  23;  alumina,  8;  and  ixs 
such  as  iron  oxide,  magnesia,  and  sulphuric  add,  7. 

Standard  Specipicattoks  tor  Portland  Cemekt.*    The  following 
give  the  most  important  requirements  for  Portland  cement: 

•  From  the  Standard  Specifications  and  Tests  for  Portland  Cement,  revised,  : 
fectivc,  January  1,  1917),  by  the  American  Society  for  Testing  Materials. 
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Portland  cement  is  the  product  obtained  by  fine^  pulveriz* 
piodttced  by  calcining  to  incipient  fusion  an  intimate  and  properiy  pro- 
OBitote  of  aiyiBaccoiis  and  calcareous  matorialfi,  with  no  additions  sub* 
to  aldnation  excepting  water  and  caldned  or  uncalcined  gypsum.     {2) 
^BcaL  Loots.    The  following  limits  shall  not  be  exceeded: 

Loss  on  ignition,  per  oent.^ 4.00 

^  Insohible  residue,  per  cent 0.85 

Sulphniic  anhydride  (SOa),  per  cent 2 .00 

\         MigBfBM  (MgO),  per  cent 5 .00 

^  &icinc  CKAvmr.  The  specific  gravity  of  cement  shall  be  not  less  than 
^i^aj  for  white  Portland  cement ) .  Should  the  test  of  cement  as  received  fall 
this  leqairement  a  second  test  may  be  made  upon  an  ignited  sample.  The 
test  will  not  be  made  unless  specifically  ordered.  (4)  Fineness. 
on  a  standard  No.  200  sieve  shall  not  exceed  22  per  cent  by  weight. 
A  pat  of  neat  cement  shall  remain  firm  and  hard,  and  show  no 
fiflf  £itortioa,  cracking,  checking,  or  dishitegration  in  the  steam  test  for 
(6)  Time  of  Setting.  The  cement  shall  not  develop  initial  set  in 
45  minutes  when  the  Vicat  needle  is  used,  or  60  minutes  when  the 
aeedle  is  used,  final  set  shall  be  attained  within  10  hours.  (7)  Tensiix 
The  average  tensile  strength  in  pounds  per  square  inch  of  not  less 
standard  mortar  briquettes  composed  of  i  part  cement  and  3  parts 
sud,  by  weight,  shall  be  equal  to  or  higher  than  the  following: 


1 

lipatteit, 
1     ^ 

Storage  of  briquettes 

Tensile 

strength, 

lb  per  sq  in 

1 

I  day  in  moist  air,   6  days  in  water 

z  day  in  moist  air,  27  days  m  water 

300 

300 

^  The  average  tensile  strength  of  standard  mortar  at  sS  days  shall  be  higher 
^tke  stRQgth  at  7  dajrs.  (9)  Packages  and  Marking.  The  cement  shall 
fdhned  in  suitable  l^gs  or  barrels  with  the  brand  and  name  of  the  manu- 
tarn  pbmly  marked  thereon,  unless  shipped  in  bulk.  A  bag  shall  contain 
l^act.  A  barrel  shall  contain  376  lb  net.  (to)  Stokage.  The  cement  shall 
Stored  in  such  a  manner  as  to  permit  easy  access  for  proper  inspection  and 
ItflkniiJB  of  each  shipment,  and  in  a  suitable  weather-tight  building  which 
bntect  the  cement  from  dampness,  (i  i)  Inspection.  Every  facility  shall 
pmiiktl  the  purchaser  for  careful  sampling  and  inspection  at  either  the  mill 
Hiheste  oi  the  work,  as  may  be  specified  by  the  purchaser.  At  least  xo  days 
Htke  time  of  sampling  shall  be  aUowed  for  the  completion  of  the  7-day  test, 
iat  least  51  days  shall  be  allowed  for  the  completion  of  the  28-day  test.  The 
|(at  shall  be  tested  in  accordance  with  the  methods  hereinafter  prescribed. 
t  jMay  test  shall  be  wuved  only  when  specifically  so  ordered.  (12)  Rejec- 
pL  The  cement  may  be  rejected  if  it  fails  to  meet  any  of  the  requirements  of 


h 


(13)  to  (15),  also,  relate  to  Rejection.    (See  complete  Specification.) 

or  SUtg  Cements  are  not  used  extensively  and  never  in  important 

manufacture  aiKi  properties  may  be  briefly  described  as  follows: 

lomaoe  basic  slag  is  granulated  by  running  it  in  a  molten  condition  into 

This  accomplishes  two  objects.    The  slag  is  broken  up  into  fine  particles 

sudden  chilling  enhances  its  hydraulic  properties.    These  particles 

and  ground  with  by d rated  lime,  in  the  proportion  of  from  15  to  25% 

lime  and  from  75  to  85%  of  granulated  slag.     Such  cement,  known 

CEMEirr,  is  slow-setting  and  slow-hardening,  and  does  not  develop  as 
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much  strength  as  natural  or  Portland  cement.  Slag  cements  are  charactc 
by  their  light  lilac  color,  their  extreme  fineness  and  their  low  specific  gn 
They  are  considered  unreliable  for  use  except  for  foundation-work  under  gr 
where  they  are  not  exposed  to  air  or  running  water. 

Stainless  Cements.    Any  ordinary  Portland  or  natural  cement  will 
limestones,  some  porous  marbles,  some  granites  and  some  other  light-c6 
stones.    The  best  non-staining  material  is  lime,  that  is,  lime  free  from  exec 
iron  oxide.    There  arc  some  Portland  cements,  however,  which  are  called 
STAINING  CEMENTS,  and  where  care  is  used  in  their  manufacture  and  thej 
free  or  comparatively  free  from  iron  oxide,  they  cause  no  trouble.     Az 
the  non-staining  cements  which  have  been  extensively  used  for  masoni; 
which  staining  would  be  objectionable,  is  La  Farge  Cement,  before  mentic 
It  is  made  at  Teil,  France,  is  light-colored  and  contains  a  small  percentaj 
iron  and  soluble  salts.    There  are  other  non-staining  cements  on  the  ma 
For  setting  stones,  and  in  order  to  retako  the  setting  of  the  cement  unti 
stones  are  well  bedded,  i  part  by  volume  of  lime-paste  b  usuaUy  mixed 
4  parts  of  the  cement. 

Cost  of  Portland  Cement.*  Portland  cement  can  now  (19 15)  be  purct 
in  this  country  at  prices  ranging  from  90  cents  to  $2.50  per  barrel,  free  on  h 
cars  at  the  mills.  The  cost  of  the  sacks  and  the  freight  are  extra.  The  i 
price  for  single  barrels  varies  from  about  $2.00  to  $2.50  per  barrel.  As  a 
the  cost  of  cement  in  carload  lots  is  about  85  cts  per  bbl  at  the  mills.  An  1 
charge  of  10  cts  per  bbl  for  bags  is  made  when  the  cement  is  delivered  in  p 
bags.  The  extra  charge  is  40  cts,  if  delivered  in  cloth,  but  the  mills  refund 
40  cts  when  the  bags  are  returned  in  good  condition.  There  is  a  charsc  < 
cts  when  the  cement  is  furnished  in  wooden  barrels  and  no  allowance  is  i 
for  barrels  returned.  It  is  generally  cheaper  in  the  end  to  buy  the  ceme 
cloth  bags  and  return  the  empty  bags.  For  about  500  miles,  the  fre 
charges  are  about  40  cts  per  bbl  of  cement,  making  the  total  cost  per  bb 
tills  distance  $1.25,  when  purchased  in  cloth  bags  and  when  the  40  cts  pet 
are  refunded.  Testing  costs  from  3  to  5  cts  per  bbl,  or  from  $5  to  $6 
carload.  Unloading  and  storing  near  the  station  cost  about  3  cts  per  bbl, 
about  2  cts  per  bbl  are  usually  added  to  the  costs  to  allow  for  handling 
returning  empty  sacks,  and  freight-charges  for  and  damage  to  same.  Teaj 
costs  about  5  cts  per  bbl  per  mile.  The  total  cost,  therefore,  accordin 
these  average  costs,  is  about  $1.38  per  bbl  for  the  cement  ready  for  u» 
mortar  or  concrete.  (For  Cost  of  Concrete,  see  page  249;aJso  foot-note  for  s 

Water  Required  in  Mixing  Cement  Mortar.  Good  Portland  cei 
requires  relatively  little  water  to  make  a  good  mortar.  Neat  cement  will 
from  20  to  22%  (by  weight)  of  water  to  produce  the  normal  consistem 
quick-setting  cement  requiring  more  water  than  one  that  is  slow-setting, 
greater  quantity  of  water  is  required,  it  indicates  the  presence  of  an  exce 
free  Ume.  When  sand  is  mixed  with  cement,  in  the  proportion  of  3  to  1. 
more  than  from  9  to  12^2%  (by  weight)  of  water  will  be  required.  Na: 
cements  and  slag  cements  require  more  water  than  do  Portland  cements, 
much  water  drowns  the  cement,  retards  the  setting  and  weakens  the  om 
Cements  can  also  be  weakened  or  even  spoiled  by  a  deficiency  of  water. 

Portland-Cement  Mortar.  For  first-class  mortar  not  more  than  3  b 
sand  should  be  added  to  i  bbl  of  cement.  For  rubble  stonework  under  otdi 
conditions  a  mortar  composed  of  4  parts  of  sand  to  i  of  cement  will  answer  < 
purpose,  and  be  much  stronger  than  lime  mortar.    For  the  top  surface  of  i 

*  See  foot-note,  page  249. 
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nil,  from  I  to  z  K  XMita  of  sand  may  be  mixed  with  i  part  of  oement. 
p j  FBrtbad-cement  mortar  has  about  the  same  strength  at  the  end  of  one 
^B  I  to  I  natural-oement  mortar.  Mortar  made  with  fine  sand  requires  a 
ttkiier  quantity  of  oement  to  obtain  a  given  strength  than  mortar  made  with 
isaad.  (See  page  276  for  ideal  mortar  with  hydrated  lime  for  brickwork.) 

pfccti  el  Low  Tempentures  and  Freezing  on  Cement  Mortars.  The 
^«f  sttiog  and  hardening  of  cement  mortar  is  greatly  affected  by  the  temper- 
Ic  ud  the  exposure  and  loading  of  new  work  often  depends  upon  the  pre- 
fa|  tanpefatnre.  The  freezing  of  natural-cement  mortars  should  be  en- 
frivQided  as  it  seriously  injures  them.  Although  freezing  greatly  retards 
fbnkning  of  Portland-cement  mortars  and  concretes,  it  does  not  appear 
ii^  them.  Thin  coats  of  mortar,  such  as  plaster,  and  troweled  surfaces 
dHK  OB  which  free  moisture  is  formed  should  not  be  applied  in  freezing 
pki  as  they  are  apt  to  scale.  In  general,  it  is  undesirable  to  work  with 
ptB  or  ooDcrete  in  freezing  weather,  as  the  difficulties  of  properly  mixing 
ppbcBg  the  materials  are  then  increased;  it  must  be  admitted,  however, 
Kaccessful  work  with  Portland-cement  mortar  and  concrete  has  been  done 
teapentores  considerably  below  freezing. 

fkt  Elect  of  Salt  In  Mortar.  When  salt  is  added  to  the  water  of  mix- 
fb  tk  fieezing-point  is  lowered,  and,  within  certain  limits,  the  freezing  of 
^■ortar  or  concrete  is  prevented.  The  ultimate  strength  of  mortar  does  not 
|w  to  be  reduced  when  the  amount  of  salt  does  not  exceed  10%.  Tetmajer 
iBtbe  amount  of  salt  required  to  lower  the  freezing-temperature  as  equal  to 
\d  the  weight  ol  the  water  per  degree  F.  below  32**.  The  rule  for  the  pro- 
psQ  of  sate  used  in  the  works  at  Woolwich  Arsenal,  is  said  to  have  been  as 
Pr:  ''Dksolve  i  lb  of  rock-salt  in  z8  gal  of  water  when  the  temperature  is 
12'  F.,  and  add  3  02  of  salt  for  every  three  degrees  of  lower  temperature. " 

■tct  of  Hot  Water  and  of  Soda.  Hot  water  hastens  the  setting  of 
RliBdKement  mortar,  and  2  lb  of  carbonate  of  soda  in  i  gal  of  water,  boiled 
looed  m  mortar,  hastens  the  setting  and  lessens  the  danger  of  freezing. 

mstttj  of  ICortar  required  for  Masonry  and  Plastering.*  "One  bbl 
jtotland  cement  and  3  bbl  of  sand,  thoroughly  and  properly  mixed,  will 
mti'i  bbl,  or  13  cu  ft  of  good  strong  mortar.  This  will  be  sufficient  to  lay 
fih  CO  yd  of  rough  stone,  or  about  750  bricks,  with  from  H  to  H-in  joints, 
oner  125  sq  ft  of  surface,  i  in  thick,  or  250  sq  ft,  H  in  thick." 
^Qbe  bU  of  natural  cement  and  2  bbl  of  lime,  mixed  with  about  Vj  bbl  of 
IB,  viB  make  8  cu  ft  of  mortar,  sufficient  to  lay  522  common  bricks,  with 
ft  ^  to  H-m  joints,  or  about  i  cu  yd  of  rough  rubble. " 
fcr  the  to9>  coat  of  walks  or  floors,  i  bbl  of  Portland  cement  and  i  of  sand 
I  ewer  from  75  to  80  sq  ft,  H  in  thick,  or  from  50  to  56  sq  ft.  H  in  thick. 
Bttbfal  of  Portland' cen?ent  and  iH  bbl  of  sand  will  cover  from  no  to  120  sq 
iiloor,  H  in  thick,  or  from  75  to  80  sq  ft,  ^  in  thick. 

ne  Xiiing  of  Mortar.  Mortar  may  be  mixed  by  hand  or  by  mechanical 
fBL  the  latter  being  preferable  for  the  mixing  of  large  quantities.  When 
^■bag  is  by  hand,  it  should  be  done  on  platforms  made  water-tight  to  pre- 
btfaeloB  of  cement.  The  cement  and  sand  should  be  mixed  dry  in  small 
and  in  the  proportions  required,  the  platform  being  clean.  Water  is 
lad  the  whole  mass  remixed  until  it  is  homogeneous  and  leaves  the  mixing 
dan  when  drawn  out.  Mortar  should  never  be  retempered  after  it  haa 
to  set. 

figures  cm  be  conddered  as  approxinuite  on1y»  as  the  amouot  of  mortar  viQ 
MdiSexeiit  jobs. 
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AdhMive  Strength  of  Portland  C«m«it,  Stilphiir  and  Lead  for  Aw 
iag  Bolts.*  "Fourtoen  holes  were  drilled  in  a  ledge  of  solid  limeBtoiie,  s 
of  them  being  iH  and  seven  iH  in  in  diameter,  and  all  being  3H  ft  deep.  £ 
H  and  seven  i-in  bolts  were  prei>ared  with  thread  and  nut  on  one  end  and 
the  other  end  plain  but  raggeid  for  a  length  of  3^  ft. 

"Four  were  anchored  with  sulphur,  four  with  lead  and  six  with  ceo 
mixed  neat.  Hall  the  number  of  the  H-'ia  and  i-in  bolts  being  thus  anchored 
each  of  the  three  materials,  aU  stood  until  the  cement  was  two  weeks 
Then  a  lever  was  rigged  and  the  bolts  pulled,  with  the  following  results. 

"  Sulphur:  Three  bolts  out  of  four  developed  their  fuU  strength  16  000 
3x  000  lb.  One  x-in  bolt  failed  by  drawing  out,  under  12  000  lb.  Lead:  1 
bolts  out  of  four  developed  their  full  strength,  as  above.  One  i-in 
pulled  out,  under  13  000  lb.  Cement:  Five  of  the  bolts  out  of  six  broke  ^ 
out  pulling  out.  One  i-in  bolt  began  to  yield  in  the  cement  at  26  000  lb, 
sustained  the  load  a  few  seconds  before  it  broke. 

"While  this  experiment  demonstrated  the  superiority  of  cement,  both  t 
strength  and  ease  of  application,  it  did  not  give  the  strength  per  square  inc 
area.  To  determine  this,  four  specimens  of  limestone  were  prepared, 
10  in  wide,  18  in  long  and  12  in  thick,  two  of  them  having  i^-in  holes,  and 
of  them  2N'in  holes  drilled  in  them.  Into  the  small  holes  i-in  bolts  ^ 
cemented,  one  of  them  being  perfectly  plain  round  iron,  and  the  other  havi 
thread  cut  on  the  portbn  which  was  embedded  in  the  cement.  Into  the  2^ 
holes  were  cemented  2-irt  bolts  simflarly  treated,  and  the  four  specimens  1 
allowed  to  stand  13  days  before  completing  the  experiment.  At  the  end  of 
time  they  were  put  into  a  standard  testing^machine  and  pulled.  The  plain 
bolt  began  to  yield  at  20000  lb  and  the  threaded  one  at  21 000  lb.  The 
plain  bolt  began  to  yield  at  34  000  lb  and  the  threaded  one  at  32  000  lb, 
force  in  all  cases  bei ng  very  slowly  applied*  The  pump  was  then  run  at  a  gre 
speed,  and  the  stones  holding  the  3-in  bolts  split  at  67  000  lb  in  the  case  ol 
smooth  one  and  at  50  000  lb  in  the  case  of  the  threaded  one. 

"It  is  thus  seen  that  for  anchoring  bolts  in  stone,  cement  is  more  nSi 
stronger  and  easier  of  application  than  either  lead  or  sulphur,  and  that  it! 
sistance  is  from  400  to  500  lb  per  sq  In  of  surface  exposed.  It  is  also  a  1 
ascertained  fact  that  it  preserves  iron  rather  than  corrodes  it.  The 
used  throughout  the  experiment  was  an  English  Portland  cement 


» 
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Propertias  and  Usea  of  Concrete.t  There  is  probably  no  material  tfa 
so  enduring  or  better  adapted  for  foundations,  walks  and  basement  Atan,  \ 
tian  cement  concrete,  anid  for  certain  dasaes  of  buikiiogs  it  is  used  wfth 
vantage  for  the  walls,  floors  and  interior  supports.  There  are  now  thousand 
buildings  in  this  and  other  countries  in  which  all  of  the  structural  portions 
formed  of  reinforced  concrete^  and  the  use  of  Portland-ceniflDt  concrete  f( 

*  The  test  of  these  materials  is  reported  in  the  American  Archfeeot,  page  io|« 
zjciv. 

t  The  Sttbjoct  of  concrete  in  general,  including  plain  or  mass-concrete  and  na^ 
concrete,  b  to-dsy  so  imporUnt,  aad  the  available  data  so  vast  io  aoiouot  that  only  t 
brief  statements  of  gencRil  principles  and  of  the  best  engineerinjiE  practioB  that  ore  the } 
important  for  the  architect  and  builder  to  know  can  be  included  in  a  handbook  ti 
kind.  For  full  treatments  of  the  subject,  the  readers  are  referred  to  the  mmieroas  rt 
treatises,  tests,  proceedings  of  engineering  societies,  etc. 

X  For  reinforced  Concrete,  see  Chapter  XXIV;  for  Concrete  Foundatk>ns,  Chaptfli 
for  Reinforced-Concrete  Factory  Construction,  Chapter  XXV;  and  for  Stiei^  ol  i 
rrete.  Chapter  V.    See,  also.  Chapter  XXIII,  pages  Si 7  and  843. 
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IflrietT  of  parpoaes  is  rapidly  extending,  due  to  the  reduced  price  of 
noBBit,  and  to  a  better  appreciation  and  understanding  of  its  proper* 
biKriifl.  Concrete  may  be  defined  as  an  artificial  stone,  made  by 
loeECflt,  water  and  what  is  called  an  aggregate,  conasting  of  small  and 
^prides  of  sand  or  screenings  and  gravel  or  broken  stone;  and  when 
htt  good  Portland  cement,  in  proper  proportions,  it  becomes  so  hard 
^BiK  dat  when  {Meces  of  it  are  broken,  the  fine  of  fracture  often  passes 
||tk  putides  of  stone,  showing  that  the  adheaon  of  the  cement  to  the 
kptabtr  than  the  cohesive  strength  of  the  stone  itself. 

k  Avcfitet.*  **  Extreme  care  should  be  exercised  In  selecting  the  aggre- 
li  aorUT  and  concrete,  and  careful  tests  made  of  the  materials  for  the 
W  of  dctennining  their  qualities  and  the  grading  necessary  to  secure 
jvB  density  or  a  minimum  percentage  of  voids.  A  convenient  coefficient 
iitf  is  the  ratio  of  the  sum  of  the  volumes  of  materials  contained  in  a 
ricae  to  the  total  unit  volume.  (See,  also,  page»  908  and  909.) 
i  Ibe  AoregMMi  should  consist  of  sand,  crushed  stone,  or  gravel  screen- 
puded  ftom  fine  to  coarse  and  passing  when  dry  a  screen  having  H-in  diam 
kpRfeiably  should  be  of  siliceous  material,  and  should  be  clean,  coarse, 
^  dust,  soft  particleSy  vegetable  loam  or  other  deleterious  matter,  and 
irtka  6%  should  pass  a  sieve  having  100  iheshes  per  lin  in.  Fine  aggre- 
Aodd  always  be  tested.  Fine  aggregates  should  be  of  such  quality 
■rtir  composed  of  one  part  Portland  cement  and  three  parts  fine  aggre- 
f  weiglit  when  made  into  briquettes  will  show  a  tensile  strength  at  least 
to  the  strength  of  i  :  3  mortar  of  the  same  consistency  made  with  the 
BBBBBt  tad  standard  Ottawa  saAd.  This  is  a  natuial  sand  obtained  at 
1^  IL  pmsiag  a  scieen  having  ao  meshes  aad  retained  on  a  aczoen  having 
is  per  in  in.  It  is  piepared  and  furnished  by  the  Ottawa  Silica  Com- 
hr  2  cts  per  lb,  free  on  board  cars,  at  Ottawa,  III.,  under  the  direction  of 
IkbI  Ceonnittee  oq  Uniform  Tests  of  Cement  of  the  American  Society 
iEiglBBen.  If  the  aggregate  be  of  poorer  quality  the  psoportion  of 
kflhBdd  be  increased  in  the  mortar  to  secure  the  desired  strength.  If 
■gtk  developed  by  the  aggregate  in  the  i  :  3  mortar  is  less  than  70%  of 
■0k  d  the  OttawB-saad  mortar,  the  material  shoukl  be  r^ected.  To 
He  lOBoval  of  any  coating  on  the  grains,  which  may  affect  the  strength, 
■ris  sfaoidd  not  be  dried  before  being  made  into  mortar,  but  should  oon- 
The  percentase  of  moisture  may  be  determined  upon  a 
fior  coiTCCting  weight.  From  10  to  40%  more  water  may  be 
bank  or  artificial  sands  than  for  standard  Ottawa  aand  to 
consistency. 

Kgregates  should  consist  of  crushed  stone  or  gravel  which  is 
I  OB  a  screen  having  H-in  diam  holes  and  graded  from  the  smallest  to 
|B9t  paitkies;  they  should  be  dean,  hard,  durable  and  free  from  aQ 
MB  matter.  Aggregates  containing  dust  and  soft,  flat  or  elongated 
tskoidd  be  exdoded  from  important  structures." 
kad  ci  stone  is  suitable  for  the  coarse  aggregate  which  has  such  strength 
tsOcDgth  of  the  concrete  is  not  limited  by  the  strength  of  the  stone, 
fecogth  is  of  little  advantage  beyond  this  minimum.    The  stones  gener* 

flByed  are  granites,  traps  and  Kmertones.    Shales  aad  sandstones  of 

i 

ft  fli  tk»  matttf  of  this  poxavrapb,  and  of  faOowfaig  paragraphs  idating  to  ooncrete^ 
rfdHaaadcaadusiana  fonaulated  by  the  joint  camautteesof  the  Am.  Soc.  C.  E.» 
t  kr  Tert.  Mats.,  Am.  Ry.  Eng.  and  Maint.  of  Way  Asso.,  and  Asso.  of  Am. 
kCemmt  Maafrs.  In  regard  to  Aggregates,  etc.,  see,  also,  the  same  subiects  in 
'XXIV,  pages  908  and  909,  and  foot-notes  on  page  908  m  that  chapter. 
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deficient  strength  should  be  tested  before  use.  Screened  gravel  genecaJlji 
a  good  coarse  aggregate.  "The  maximum  size  of  the  coarse  aggregate  is  gn 
by  the  character  of  the  construction.  For  reinforced  concrete  and  fo 
masses  of  unreinforced  concrete,  the  aggregate  must  be  small  eoou^  to  ] 
with  the  mortar  a  homogeneous  concrete  of  viscous  consistency  which  n 
readily  between  and  easily  surround  the  reinforcement  and  fill  all  parti 
forms.  For  concrete  in  large  masses  the  size  of  the  coarse  aggregate 
increased,  as  a  large  aggregate  produces  a  stronger  concrete  than  a  & 
although  it  should  be  noted  that  the  danger  of  separation  fxom  the 
becomes  greater  as  the  size  of  the  coarse  aggregate  increases. " 

The  use  to  be  made  of  the  concrete  determines  the  maximum  size  of  th 
aggregate.  When  used  in  mass-concrete  construction,  such  as  heav] 
the  maximum  size  may  nm  up  to  2H  and  3  in  with  good  results.  For  rd 
work  and  thin  walls,  however,  it  is  necessary  to  reduce  the  maximum  s 
in  or  less.  It  has  been  found  that  the  following  are  the  maximum  sizes 
coarse  aggregate  of  pUun  or  mass-concrete  in  the  best  practice:  for  foun- 
awi  in;  for  abutments,  2  in;  for  arch-rings,  iH  in;  and  for  copings,  thi 
etc.,  I  in. 

"Cinder  concrete  should  not  be  used  for  reinforced-concrete  structv 
may  be  allowable  in  mass  for  very  light  loads  or  for  fire-protection  p 
The  cinders  used  should  be  composed  of  hard,  clean,  vitreous  clinkers,  fi 
sulphides,  unbumed  coal,  or  ashes.    (See,  also,  page  909.) 

*' Water  for  Mixing  Concrete.  The  water  used  in  mixing  concrete 
be  free  from  oil,  acid,  alkalies,  or  organic  matter." 

Preparing  and  Placing  Mortar  and  Concrete.    **  (i)  I^oportioiis 

materials  to  be  used  in  concrete  should  be  carefully  sdected,  of  uniform 
and  proportioned  with  a  view  to  securing  as  nearly  as  possible  a  n 
density. 

"(a)  Unit  of  Measure.    The  unit  of  measure  should  be  the  cubic  i 
bag  of  cement,  containing  94  lb,  net,  should  be  considered  the  equival 
cu  ft.    The  measurement  of  the  fine  and  coarse  aggregates  should  be 
volume. 

"  (b)  Relation  of  Fine  and  Coarse  Aggregates.  The  fine  and  ooais 
gates  should  be  used  in  such  relative  proportions  as  wiU  insure  maxim 
sity.  In  unimportant  work  it  is  sufficient  to  do  tlus  by  individual  jn 
using  correspondingly  higher  proportions  of  cement;  for  important  wo 
proportions  should  be  carefully  determined  by  density-experiments 
sizing  of  the  fine  and  coarse  aggregates  should  be  uniformly  t»oit»tflmr 
proportions  cljanged  to  meet  the  varjring  sizes. 

"(c)  Relation  of  Cement  and  Aggregates.  For  reinforced-concn 
struction,  one  part  of  cement  to  a  total  of  six  parts  of  fine  and  coara 
gates,  measured  separately,  should  generally  be  used.  For  columm 
mixtures  are  generally  preferable,  and  in  massive  masonry  or  rubble 
a  mixture  of  i  :  9  or  even  i  :  13  may  be  used.  These  proportions  ^ 
determined  by  the  strength  or  the  wearing-qualities  required  in  the  c 
tion  at  the  critical  period  of  its  use.  Experienced  judgment  based  on  in 
observation  and  tests  of  similar  conditions  in  similar  localities  is  an  1 
guide  as  to  the  proper  proportions  for  any  particular  case.  For  all  is 
construction,  advance  tests  should  be  made  of  concrete,  of  the  materi 
portions  and  consistency  to  be  used  in  the  work.  These  tests  should 
under  laboratory  conditions  to  obtain  uniformity^  in  mixing,  proportioi 

*  See,  also,  in  Chapter  XXIV,  paragraphs  relating  to  these  subjects  on  | 
and  loow-note  relating  to  the  same,  on  page  908  of  that  chapter. 
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MdtB  €196  the  results  do  not  conform  to  the  requirements  of  the  work, 

of  a  better  quality  should  be  chosen  or  richer  proportions  used  to 

desicd  results." 

Tumeauze  of  the  University  of  Wisconsin  gives  the  following  as 

of  cement,  sand  and  coarse  aggregate  generally  used  for  various 

iBsrforced  colunms   and  structural   parts 

Konng extra  strength from  i :  i  :  2  to  i  :  iH  :  3 

rbdidsigs,  thin  walls,  reinforced  concrete, 

is  and  impervious  construction from  i  :  2  : 4  to  i  :  3^  :  4H 

Aroctores  requiring  great  strength  rather 

mass from  i  :  2H  :  5  to  i  :  3  : 6 

amctures    requiring    mass    rather    than 

h,  foundations,  etc from  i  :  3  :  6  to  i  :  4  :  8 

tllCiiac  Coocrete.  The  ingredients  of  concrete  should  be  thoroughly 
vA  the  mixing  should  continue  until  the  cement  is  uniformly  distributed 
|i  HUBS  is  uniform  in  color  and  homogeneous.  As  the  maximum  density 
strength  of  a  given  mixture  depend  largely  on  thorough  and  com- 
it  is  essential  that  the  work  of  nuxing  should  receive  special  atten- 
arc.  Inasmuch  as  it  is  difficult  to  determine,  by  visual  inspection, 
^  tbe  concrete  ts  uniformly  mixed,  especially  where  limestone  or  aggre- 
Ikncg  the  color  of  cement  are  used,  it  is  essential  that  the  mixing  should 
^  a  definite  period  of  time.  The  minimum  time  will  depend  on  whether 
ftcas  is  done  by  machine  or  hand. 

(McKcrixKg  Ingredients.     Methods  of  measurement  of  the  proportions 
larions  ingredients  should  be  used  which  will  secure  separate  and  uni- 
BtusKaofCDts  of  cement,  fine  aggregate,  coarse  aggregate  and  water  at 

I  Uaddoe-Minn?.  When  the  conditions  will  permit,  a  machine-mixet 
tVe  vlnch  insures  the  uniform  proportioning  of  the  materials  throughout 
IB  dkoukl  be  used,  as  a  more  uniform  consistency  can  be  thus  obtained, 
■ag  should  continue  for  a  minimum  time  of  at  least  one  minute  after 
^iigiedients  are  assembled  in  the  mixer. 

\  fiasd-Mixing.  When  it  is  necessary  to  mix  by  hand,  the  mixing  should 
a  vater-tight  platform  and  especial  precautions  should  be  taken  to  turn 
lapedients  together  at  least  six  times  and  until  they  are  homogeneous  in 
andoolor." 
safirfartory  method  *  of  mixing  concrete  by  hand  is  to  first  prepare 
IBBBg  of  the  materials,  a  tight  floor  of  planks,  or,  better  still,  of  sheet 
^  tkt  edges  turned  up  about  2  in.  Upon  this  platform  should  first  be 
like  sand,  and  upon  this  the  cement.  The  two  should  then  be  thoroughly 
pMdatdy  mixed  by  means  of  shovels  or  hoes  until  of  an  even  color. 
^vater  should  be  added  to  make  a  thin  mortar  which  is  then  spread 
I  Ike  gravel,  if  used,  should  then  be  added,  and  then  the  broken  stone. 
Laad  stone  should  be  first  thoroughly  wet,  if  originally  dry.  The  mass 
iht  turoed  until  all  the  ingredients  are  thoroughly  incorporated  and  all 
and  gravel  covered  with  mortar,  this  requiring  from  four  to  six  turn- 

jency.    The  materials  should  be  mixed  wet  enough  to  result  in  a 

sacfa  a  consistency  that  it  will  flow  into  the  forms  and  about  the  metal 

when  used,  and  which,  at  the  same  time,  can  be  conveyed  from 

*  Hia  pangnph  is  condensed  fran  several  recent  specifics tionii 
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the  mixer  to  the  ionns  without  separation  of  the  ooane  aisgregate  h 
mortar. 

"  (e)  Retempering.  Mortar  or  concrete  should  not  be  remixed  wi 
alter  it  has  part^  set." 

(3)  Flaciiic  Concrete,  "(a)  Methqds.  Concrete  after  the  oompl< 
the  mixing  should  be  handled  rai»dly,  and  in  as  small  masses  aa  is  pra 
from  the  place  of  mixing  to  the  place  of  final  deposit,  and  under  no 
stances  should  concrete  be  used  that  has  partly  set.  A  slow-setting 
should  be  used  when  a  long  time  is  likely  to  occur  between  mixing  and 
Concrete  should  be  deposited  in  such  a  manner  as  will  permit  the  most  t 
compacting,  such  as  can  be  obtained  by  working  with  a  straight  shovel  c 
tool  kept  moving  up  and  down  until  all  the  ingredients  have  settled 
proper  places  by  gravity  and  the  surplus  water  has  been  forced  to  the 
Special  care  should  be  exercised  to  prevent  the  formation  of  laitance, 
hardens  very  slowly  and  forms  a  poor  surface  on  which  to  deposit  fresh  c 
All  LAITANCE  should  be  removed.  When  suspended  work  is  resuxn 
Crete  previously  placed  should  be  roughened,  thoroughly  deansed  of 
material  and  laitance,  thoroughly  wetted  and  then  slushed  with  a  moi 
vsting  of  one  part  Portland  cement  and  not  more  than  two  parts  fine  at 
The  faces  of  concrete  exposed  to  premature  drsring  should  be  kept  w 
period  of  at  least  seven  days. " 

*'(b)  Mixing  and  Depositing  Concrete  in  Freezing  Weather.  < 
diouU  not  be  mixed  or  deposited  at  a  freezing  temperature,  unless  spe 
cautions  are  taken  to  avoid  the  use  of  materials  covered  with  ice-a^ 
containing  frost,  and  to  provide  means  to  prevent  the  concrete  from 
after  being  placed  in  position  and  until  it  has  thoroughly  hardened, 
coarse  aggregate  forms  the  greater  portion  of  the  concrete,  it  is  par 
important  that  this  material  be  heated  to  well  above  the  freezing-point. 

•*(c)  Rubble  Concrete.    Where  the  concrete  is  to  be  deposited  in 
work,  its  value  may  be  improved  and  its  cost  materially  reduced  by  tk 
dean  stones  thoroughly  embedded  in  the  concrete  and  as  near  toget] 
possible  while  still  entirely  surrounded  by  concrete. 

"  (d)  Depositing  Concrete  Under  Water.  In  placing  concrete  under 
is  essential  to  maintain  still  water  at  the  place  of  deposit.  The  use  of  u 
properly  designed  and  operated,  is  a  satisfactory  method  of  placing 
through  water.  The  concrete  should  be  mixed  very  wet  (more  so  thi 
dinarily  permissible)  so  that  it  will  flow  readily  through  the  tremies  i 
the  places  with  practically  a  level  surface.  The  coarse  aggregate  si 
smaller  than  ordinarily  used,  and  never  more  than  i  in  in  diameter.  Tl 
gravel  facilitates  mixing  and  assists  the  flow  of  concrete  through  the 
The  mouth  of  the  tremis  should  be  buried  in  the  concrete  so  that  it 
times  entirely  sealed  and  the  surrounding  water  prevented  from  ford 
into  the  tremie;  the  concrete  will  then  discharge  without  coming  in 
with  the  water.  The  tremie  should  be  suspended  so  that  it  can  be 
quickly  when  it  is  necessary  dther  to  choke  off  or  prevent  a  too  rapid  1 

*  Laitance  is  a  whitish,  gelatinoiis  substance  of  about  the  same  composition  i 
but  with  little  tendency  to  harden.  It  accompanies  a  disintegration  of  sol 
cement  from  the  surface  of  concrete  which  is  exposed  to  the  action  of  water  ii 
is  deposited.  The  concrete  is  thus  weakened  and  the  laitance,  also,  weakens 
between  old  and  new  material  and  should  be  removed  before  fresh  ooncoete  is 

t  A  tremie  b  a  round  or  square  box  or  tube  of  wood  or  plate  iron  open  at  th 
bottom.  The  diameter  varies  from  22  to  24  in.  The  tremie  rests  in  the  depa 
Crete,  extends  above  the  water-Iev'el  and  is  kept  full  of  concrete,  which  escaj 
bottom  as  the  tube  is  shifted  over  the  suiiace. 
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^ffVihonld  pveienUy  be  not  over  15  ft  Tbe  flow  Bhould  be  oontlniious 
|ir  to  pradttoe  a  monolithic  mass  and  to  prevent  the  fonnation  of  l&itance 
IrBftsior.  In  Uzse  structures  it  nuty  be  neoeasaiy  to  divide  the  mass  of 
Irte  Bto  sevoal  small  comparUnents  or  units,  filling  one  at  a  time.  With 
cne  it  is  powahie  in  this  manner  to  obtain  as  good  results  under  water  as 


t 


thr  Concrete.  "Forms  should  be  substantial  and  unyielding,  so  that 
le  viU  oonfonn  to  the  designed  dimensions  and  contours,  and  should 
hi  h.  order  to  prevent  the  leakage  of  mortar.  The  time  for  removal  of  forms 
■of  the  most  important  considerations  in  the  erection  of  a  structure  of  con- 
fer lemfeRxd  concrete.  Care  should  be  taken  to  inspect  the  concrete  and 
ta  its  hardness  before  removing  the  forms.  So  many  conditions  affect 
Wdeznng  of  concrete,  that  the  proper  time  for  the  removal  of  the  forms 
il  be  dedded  by  some  competent  and  responsible  person,  especially  where 
i:noipheric  conditions  are  unfavorable.  It  may  be  stated,  in  a  general 
\  tut  lonns  sbould  remain  in  place  longer  for  reinforced  concrete  than  for 
laraesive  cxmcrete,  and  that  the  forms  for  floors,  beams  and  similar  hori- 
y  stractures  should  remain  in  place  much  longet  than  for  vertical  walls. 
11  tkt  cmaete  gives  a  distinctive  ring  under  the  blow  of  a  hammer,  it  is 
adf  aa  indication  that  it  has  hardened  sufficiently  to  permit  the  removal 
kt  hoBs  with  safety.  If,  however,  the  temperature  is  such  that  there  is 
ipBlUifity  that  the  concrete  is  frosen,  this  test  is  not  a  safe  reliance,  as 
fi cQBCiete  may  appear  to  be  very  hard." 

Iriikice  of  Concrete  and  Temporature-Changes.  "Shrinkage  of  con- 
^  doe  to  hardening  and  contraction  from  temperature-changes,  causes 
fak  the  sae  of  which  depends  on  the  extent  of  the  mass.  The  resulting 
■I  nc  important  in  monolithic  construction  and  should  be  considered  care- 
rs the  designer;  they  cannot  be  counteracted  successfully,  but  tbe  effects 
ik  animized.  Large  cracks  produced  by  quick  hardening  or  wide  ranges 
can  be  broken  up  to  some  extent  into  small  cracks  by  placing 
in  the  concrete;  in  long  continuous  lengths  of  concrete,  it  is 
e  to  pnivkle  shrinkage-joints  at  points  in  the  structure  where  they  will  do 
rorao  harm.  Reinforcement  is  of  assistance  and  permits  longer  distances 
Ikb  shrinkage^ joints  than  when  no  reinforcement  is  used.  Small  masses  or 
of  concrete  should  not  be  joined  to  larger  or  thicker  masses  without 
for  shrinkage  at  such  points.  Fillets  similar  to  those  used  in  metal 
bat  of  larger  dimensions,  for  gradually  reducing  from  the  thicker  to 
body,  are  of  advantage.  Shrinkage-cracks  are  likely  to  occur  at 
fresh  concrete  is  joined  to  that  which  is  set,  and  hence  in  placing 
oonstniction-joints  should  be  made  on  horizontal  and  vertical 
^ad.  if  possible,  at  points  where  joints  would  naturally  occur  in  dimen- 


t» 


htt  of  Heet  on  Concrete  Fireproofing.*  ''The  actual  fire-tests  of 
'Kbt  and  reinforced  concrete  have  been  limited,  but  experience,  together 
tHe  itsuhs  of  tests  thus  far  made,  indicates  that  concrete,  on  account  of 
fev  ate  of  heat-conductivity  and  the  fact  that  it  is  incombustible,  may  be 
■fdy  for  fireproofing  purposes.  The  dehydration  of  concrete  probably 
at  about  500'  F.  and  is  completed  at  about  900°  F. ;  but  experience  indi- 
the  volatifization  of  the  water  absorbs  heat  from  the  surrounding  mass* 
together  with  the  resistance  of  the  air-cells,  tends  to  increase  the  heat- 
of  tbe  concrete,  so  that  the  process  of  dehydration  is  very  much  re* 

*  See,  also.  Chapter  XXIII,  page  8x7. 
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taided.  The  concrete  that  is  actually  aCFected  by  fire  remains  in  poaiti 
affords  protection  to  the  concrete  beneath  it.  The  thiduiess  of  the  pro 
coating  required  depends  on  the  probable  duration  of  a  fire  wliich  is  li] 
occur  in  the  structure  and  should  be  based  on  the  rate  of  heat-condu< 
The  question  of  the  conductivity  of  concrete  is  one  which  requires  furtbei 
and  investigation  before  a  definite  rate  for  different  classes  of  concrete 
fully  established.  However,  for  ordinary  conditions  it  is  recommende 
the  metal  in  girders  and  columns  be  protected  by  a  minimum  of  2  in  < 
Crete;  that  the  metal  in  beams  be  protected  by  a  minimum  of  xH  in  of  co 
and  the  metal  in  fioor-slabs  be  protected  by  a  minimum  of  i  in  of  00 
It  is  recommended  that  in  monolithic  concrete  columns,  the  concrete  to  a 
of  i\'2  in  be  considered  as  protective  covering  and  not  included  in  the  ef 
section.  It  is  recommended  that  the  corners  of  columns,  girders  and  bej 
bevelsd  or  rounded,  as  a  sharp  comer  is  more  seriously  affected  by  fire 
round  one. " 

Wateriirooflng  Concrete.    "Many  expedients  have  been  used  to 
concrete  imper\'lous  to  water  under  normal  conditions,  and  also  under  pn 
conditions  that  exist  in  reservoirs,  dams  and  conduits  of  various  kinds. 
rience  shows,  however,  that  where  mortar  or  concrete  is  proportioned  to 
the  greatest  practicable  density  and  is  mixed  to  a  rather  wet  consisteD< 
resulting  mortar  or  concrete  is  impervious  under  moderate  pressure,     i 
Crete  of  dry  consistency  is  more  or  less  pervious  to  water,  and  compou 
various  kinds  have  been  mixed  with  the  concrete,  or  applied  as  a  wash 
surface  for  the  purpose  of  making  it  water-tight.     Many  of  these  corns 
are  of  but  temporary  value,  and  in  time  lose  their  power  of  imparting  iinj 
ability  to  the  concrete.    In  the  case  of  subways,  long  retaining-walls  and 
voirs,  provided  the  concrete  itself  is  impervious,  cracks  may  be  so  redui 
horizontal  and  vertical  reinforcement  properly  proportioned  and  locatec 
they  are  too  minute  to  permit  leakage  or  are  soon  dosed  by  infiltration 
Coal-tar  preparatioos  applied  either  as  a  mastic  or  as  a  coating  on  felt  or 
fabric  are  used  for  waterproofing,  and  should  be  proof  against  injury  by ! 
or  gases.     For  retaining-walls  and  similar  walls  in  direct  contact  wil 
earth,  the  application  of  one  or  two  coatings  of  hot  coal-tar  pitch  to  ttu 
oughly  dried  surface  of  concrete  is  an  efHcieiit  method  of  preventing  the 
tration  of  moisture  from  the  earth. "     (See,  also.  Waterproofing  for  Fi 
tions,  Part  III. 

Surface-Finish  of  Concrete.  "Concrete  is  a  material  of  an  individui 
and  should  not  be  used  in  imitation  of  other  structural  materials.  One 
important  problems  connected  with  its  use  is  the  character  of  the  fix 
exposed  surfaces.  The  finish  of  the  surface  should  be  determined  beiq 
concrete  is  placed,  and  the  work  conducted  so  as  to  make  possible  the 
desired.  For  many  forms  of  construction  the  natural  surface  of  the  oo 
is  unobjectionable;  but  frequently  the  marks  of  the  boards  and  the  flal 
surface  are  displeasing,  thus  making  some  special  treatment  d^irab 
treatment  of  the  surface  either  by  scrubbing  it  while  green  or  by  tooling  i 
it  is  hard,  which  removes  the  film  of  mortar  and  brings  the  aggregates 
concrete  into  reUef,  is  frequently  used  to  remove  the  form-markings,  bre 
monotonous  appearance  of  the  surface,  and  make  it  more  pleasing.  The  p 
ing  of  surfaces  should  be  avoided,  for  even  if  carefully  done,  the  plaster  h 
to  peel  off  under  the  action  of  frost  or  temperature-changes." 

Design  of  Massive  Concrete.  "  In  the  design  of  massive  or  plain  oai 
no  account  should  be  taken  of  the  tensile  strength  of  the  material,  and  ■ 
should  usuaUy  be  proportioned,  so  as  to  avoid  tensile  stresses,  except  in 
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ma,  to  resist  indirect  stresses.  This  will  generally  be  accomplished,  in 
mm  ol  rectangular  shapes^  if  the  line  of  pressure  is  kept  within  the  middle 
pd  the  section,  but  in  very  large  structures*  such  as  high  masonry  dams,  a 
tBeaa  analysis  may  be  required.  Structures  of  massive  concrete  are  able 
■■I  ubalanocd  lateral  forces  by  reason  of  their  weight;  hence  the  element 
pngbt  rather  than  strength  often  determines  the  design.  A  relatively  cheap 
Iflctk  ooncicte,  therefore,  will  often  be  suitable  for  massive  concrete  struc- 
pi  It  is  desirable  generally  to  pix^vide  joints  at  intervals  to  localise  the 

td  cmtxaction.     Massive  concrete  is  suitable  for  dams,  retaining-walls, 
ios  and  short  colunms  in  which  the  ratio  of  length  to  least  width  is  rela- 
saaSL    Under  ordinary  conditions  this  ratio  should  not  exceed  six.    It 
suitable  for  arches  of  moderate  span,  where  the  conditions  as  to  founda- 
II  «e  favorable.'* 


of  Materials  Required  per  Cubic  Yard  of  Concrete.*  The 
tables  give  the  quantities  of  Portland  cement  required  to  make  i  cu  yd 
Mar  and  the  quantities  of  cement,  sand  and  stone  required  to  make  i  cu 
b  ooBoete.    They  are  based  upon  formulas  deduced  by  Ualbert  P.  Gillette. 


Bazrds  of  Portland  Cement  per  Cuhic  Yard  of  Mortar 
Voids  Id  sand,  35%,  i  bbl  of  cement  yielding  3.65  cu  ft  of  cement  paste 


hopottjonof 

I 


>tto 


^edficd  to  be  3-5  cu  ft 

^ecificd  to  be  3.8  cu  ft 
^~  specified  to  be  4.0  cu  ft 
^spedfied  to  be  4^  cu  ft 

^£  jwrd  of  sand  per  cu 

^dvxxtai 

f 


I  to  I     I  to  l^i 


bbl 

4.22 
4.09 
4.00 
3.81 


06 


bbl 

3-49 
3-33 
3  24 
3.07 


0.7 


I  to  2 


bbl 

2.97 
2.81 

2.73 
2. 57 


0.8 


I  to  2Mi 


bbl 

2.57 
2.45 
2.36 
2.27 


0.9 


1 103 


bbl 

2.2S 
2.16 
2.08 
2.00 


i.o 


I  to4 


bbl 

1.76 
1.62 

I  54 
1.40 


1.0 


Barrels  of  Porttand  Cement  per  Cubic  Yard  of  Mortar 
Voidi  in  sand,  45%.  i  bbl  of  cement  yielding  3.4  cu  ft  of  cement  paste 


^ 

sand 

L- 

I  to  I 

I  to  iH 

I  t02 

I  to  2]ri 

I  to  3 

I  to4 

1 

bri  ^edfied  to  be  3*5  CU  f  t 
■dipecified  to  be  3^  cu  ft 
n  ^ecfied  to  be  4'0  cu  ft 

■alipecified  to  be  4*4  cu  ft 

bbl 

4.62 
4.32 
4.19 
3.94 

bbl 

3.80 
3.6X 
3. 46 
3.34 

bbl 

3-25 
3. 10 
3.00 
2.90 

bbl 

2.84 
2.72 
2.64 

2.57 

bbl 

2.3s 
2.16 
2.05 
1.86 

bbl 

1.76 
1.62 

1. 54 
1.40 

iKe  yard  of  aand  per  cu 
Mcf  mortar 

0.6 

0.8 

09 

1.0 

1.0 

1.0 

ssag  these  tables  remember  that  the  proportion  of  cement  to  sand  is 
and  not  by  weight.    If  the  specifications  state  that  a  barrel  of  cement 
considered  to  hold  4  cu  ft,  for  example,  and  that  the  mortar  shall  be 

bjr  pcmnaioa,  from  the  Handbook  of  Cost  Data  for  Contractoni  and  £n- 

M  Haibert  P.  Gillette,  published  by  The  Myron  C.  Clark  Publishing  Company, 

.IB.   See  19x4  revised  edition,  pages  538  to  540.    This  handbook  contains  com- 

i  wskflUDous  data  on  quantities,  costs,  etc.,  of  building  materials  and  operational 
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t  part  cement  to  2  parts  sand,  then  i  bbl  of  cement  is  mixed  with  S  cu  ft  of 
regardless  of  what  b  the  actual  size  of  the  barrel,  and  regardless  of  how 
cement  paste  can  be  made  with  a  barrel  of  cement.    If  the  spectficatioos  I 
state  what  the  size  of  a  barrel  will  be,  then  the  contractor  is  left  to  guesa. 

"If  the  specifications  call  for  proportions  by  weight,  assume  a  Portlai 
mcnt  barrel  to  contain  380  lb  of  cement,  and  test  the  actual  weight  of  a 
foot  of  the  sand  to  be  used.  Sand  varies  extremely  in  weight,  due  both  1 
\ariation  in  the  per  cent  of  voids,  and  to  the  variation  in  the  kind  of  tni 
of  which  the  sand  is  composed.  A  quartz  sand  having  55%  voids  weighs  : 
per  cu  ft;  but  a  quartz  sand  having  45%  voids  weighs  only  91  lb  per  cu  f 
the  weight  of  the  sand  must  be  guessed  at,  assume  100  lb  per  cu  ft.  ] 
specifications  require  a  mixture  of  i  part  of  cement  to  2  parts  of  sand,  by  w 
we  will  have  380  lb  (or  x  bbl)  of  cement  mixed  with  2  times  380,  or  760 
sand;  and  if  the  sand  weifi^  90  lb  per  ca  it,  we  shall  have  760  divided  by  * 
8.44  cu  ft  of  sand  to  every  barrel  of  cement.  In  order  to  use  the  tables  i 
given,  we  may  specify  our  own  siase  of  barrel;  let  us  say  4  cu  ft;  then,  8.44  di 
by  4  gives  2.1  x  parts  of  sand  by  volume  to  x  part  of  cement.  Without  ma 
error  we  may  call  this  a  i  to  2  mortar,  and  use  the  tables,  remembering  thf 
barrel  is  now  ' specified  to  be'  4  cu  ft.  If  we  have  a  brand  of  ceoQeat  that ; 
3.4  cu  ft  of  paste  per  bbl  and  sand  having  45%  voids,  we  find  that  approaiii: 
3  bbl  of  cement  per  cu  yd  of  mortar  will  be  required. 

"It  should  be  evident  from  the  foregoing  discussions  that  no  table  a 
made,  and  no  rule  can  be  formulated  that  will  yield  accurate  resuks  iinles 
brand  of  cement  is  tested  and  the  percentage  of  voids  in  the  sand  detem 
This  being  so,  the  sensible  plan  is  to  use  the  tables  merely  as  a  rough  | 
and,  where  the  quantity  of  cement  to  be  used  is  very  large,  to  make  a  few  bs 
of  mortar,  using  the  available  brands  of  cement  and  sand  in  the  propoi 
specified.  Ten  dollars  spent  in  this  way  may  save  a  thousand,  even  on  a 
parative^  small  job,  by  showing  what  cement  and  sand  to  select. ' 


»» 


Ingredients  in  One  Cubic  Yard  of  Concrete  ^ 

Sand-voids,  40%;  stone-voids,  45%;  Portland-cement  barrel  yielding  3.65  cu 

paste.    Barrel  specified  to  be  3.8  oa  ft 


Proportions  by  volume 

Barrela  cement  per  cu  yd 
concrete 

Cubic  yard  sand  per  cu  yd 
concrete , 

Cubic  yard  stone  per  cu  yd 
concrete 


1:2:4 

1:2:5 

1:2:6 

iiiHiS 

X  :2H:6 

1.46 

1.30 

1. 18 

1.13 

x.oo 

0.41 

0.36 

0.33 

0.40 

0.3s 

0.82 

0.90 

1. 00 

0.80 

0.84 

I  : 

1 
0 
0 


Proportions  by  volume 


Barrels  cement  per  cu  yd 
fxmcretc 

Cubic  yard  sand  per  cu  yd 
concrete 

Cubic  yard  stone  per  cu  yd 
concrete 


I  :3:S 

I  :3  :<> 

I  :3  :7 

1:4:7 

r  :4:8 

t.i3 

x.os 

0.96 

o.8a 

0.77 

0.48 

Q-44 

Q.40 

0.46^ 

0.43 

0.80 

0.88 

0.93 

0.80 

0.86 

I  : 

0 
c 

c 


*  This  table  is  to  be  used  where  cement  is  measured  pecked  in  the  batrd,  I 
ordinary  haxrd  hdds  3.8  c«  ft. 
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ilk  nea  that  the  above  tabk  can  be  ooodensed  Into  the  following: 
Add  together  the  number  of  parts  and  divide  thia  sum  into  ten,  the 
vU  be,  appvojcimateiy ,  the  number  o!  bairels  ol  cement  per  cubic  yard, 
ioc  a  X  :  a  :  5  concieie,  the  sum  of  the  parts  is  i  plus  2  plus  5,  which  is 
In  10  divided  by  8  is  1.25  bbl,  which  is  appcoximateiy  equal  to  the  1.30  bbl 
lathe  table.  Neither  this  rule  nor  this  table  is  applicable  if  a  different 
hi cneat-barrd  is  ^teofied,  or  if  the  voids  in  the  sand  or  stone  differ  mate- 
^£n  40%  and  45%  respectively.  There  are  such  innumerable  com- 
Ifai  of  vsrying  voiids,  and  varying  sizes  of  barrels,  that  the  author  does 
hai  it  VDith  while  to  give  other  tables. " 


lagi.<wli#>ta  u  One  CoMc  Tara  of  Concnte  * 

kll«wdi»  40%:  suioe-voids*  4S%;  Pertkod-cenent  bantl  yieldiBg  3.65  cu  ft  of 
pMtc    Bazrel  specified  to  be  4.4  cu  ft 


fcprt'ww  by  volome 

1:2:4 

1:2:5 

1:2:6 

i:2^i:5 

i:tH:6 

1:3:4 

Mk  ocaKnt  per  cu   yd 

■mtr 

1.3f> 
0.42 

0.84 

Z.16 
0.38 
0.95 

1. 00 

0.33 

x.oo 

1.07 

0.44 
0.88 

0.96 
0.40 
0.95 

1.08 
0.53 
0.71 

Ut  jard  auid  per  cu  yd 
pacncp 

\k  jaed  ftooe  per  cu  yd 

|h»|tion»  by  vK^lntote 

1:3:5 

1 :3:6 

1:3:7 

1 :4:7 

X  :4:8 

1 

1:4:91 

1 

■h  ceaocnt  per  cu  yd 
■ortf . , 

0.96 

0.47 
0.78 

0.90 

0.44 
0.88 

0.&2 
0.40 
0.93 

0.75 

0.49 
0.86 

0.66 

Q.44 
0.88 

1 

0.64 

)k  yud  cand  per  cu  yd 

1 
0.42 

Neyard  etooe  per  cayd 

0.05      1 

1 

M  of  Cenowto.t  (For  Cost  of  Cement,  see  page  238.)  The  average 
rfiaad  D^  be  taken  at  30  cts  per  cu  yd  to  cover  digging  and  loading,  but 
fvaahed  or  aatsencd  the  cost  averages  between  40  and  55  cts  per  cu  yd. 
hf  nd  fee^gfat-charges  generally  raise  the  cost  of  sand,  ready  to  unload  at 
he;  to  fram  90  cts  to  $i.xo  per  cu  yd,  and  about  15  cts  per  yd  additional 
fte  added,  9  unloaded  from  can.  Oravd  costs  from  $1.20  to  $1.40  per  cu 
riDaded  at  the  job,  and  crushed  stone  from  $1.45  to  $1.60.  These  prices 
|f  oBcme,  avxrage  pdces  only,  and  include  moderate-haul  teeming  and  un- 
it.  For  hand-mixing  and  placing  of  soft  concrete,  and  spreading  without 

the  labor-cost  varies  from  90  cts  to  $1.30  per  cu  yd.  Thb  is 
in  barrows  materials  that  are  conveniently  at  hand.  This  cost 
k  mash  higher  for  dry  concrete,  and  hand-mixing  costs  may  reach  $2  or 
FCB  ^  For  machine-mixing  alone  and  with  machines  taking  four  bags 
khatch,  the  cost  of  nuxing  may  be  even  as  low  as  50  or  60  cts  per  cu  yd. 
hong  aSonc,  the  cost  is  about  75  cts  per  cu  yd;  this  includes  wheeling  the 
lli^  dancing  it  in  place  and  spreadiag  and  spading  it  into  forms.  This 
be  aimoat  doubled  where  unusual  care  had  to  be  exerdsed  to  obtain 

and  where  tlieie  was  an  extra  amount  of  spading.     The  oosti 

taUe  ia  CO  be  used  when  the  cement  in  measured  loose,  after  dumping  it  into 
aader  each  conditaont  a  bacrel  of  cement  yields  4.4  cu  (t  of  loose  cement. 

changed  many  coats.    Values  given  are  retained  tempoiarilv  for  pur- 
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are  reduced  for  heavy  mass<oncrete,  and  have  been  as  low  as  50  or  60  i 
cu  yd  for  machine-mixing  and  placing  together,  by  mixer  and  derrick 
tracks  and  caii.  The  following  approximate  schedule  *  of  labor-costs  fc 
ing  and  placing  concrete  is  given  by  L.  H.  Allen  of  the  Aberthaw  C01 
tion  Company,  in  Professor  Hool's  excellent  treatise: 

For  footings $1.50  per  <»  i 

For  floor-slabs  not  exceeding  4^^  in  in  thickness ....  ^i .  60  per  cu  } 

For  floor-slabs  exceeding  5  in  in  thickness %i  .00  per  cu  ] 

For  columns  and  thin  walls $x .  50  per  cu  ] 

For  walls  exceeding  18  in  in  thickness $1 .00  p>er  cu  1 

For  dams  and  thick  retaining-walls $0.70  per  cu  i 

For  the  unit  cost  due  to  the  cost  of  the  tools,  plant  and  supplies,  $1  r 
taken  as  an  average  for  jobs  requiring  from  4  000  to  10  000  cu  yd  of  co 
It  varies,  of  course,  with  the  character  and  magnitude  of  the  work.  Tl 
for  this  item  is  reduced  in  larger  jobs,  falling  to  80  or  even  70  cts  per 
and  it  is  increased  in  operations  of  less  magnitude  to  from  $1  to  $1.50  per 
for,  say,  3  000  cu  yd  of  concrete.  When  the  amount  of  concrete  require 
small  as  600  or  700  cu  yd,  hand-mixing  is  generally  more  economics 
machine-mixing.  Mr.  Allen  summarizes  *  the  cost  of  i  cu  yd  of  concret 
building  requiring  5  000  cu  yd  of  reinforced-concrete  work  in  floors  and  o 
as  follows,  the  cost  of  forms  and  steel  and  flnishing  of  the  surface  not 
included: 

Cement,  iH  bbl,  at  $1.38  per  bbl %2. 

Sand,  H  cu  yd,  at  $1  per  cu  yd o. 

Stone,  X  .35  tons,  at  $1.40  per  ton i . 

Labor,  per  cu  yd r . 

Plant,  per  cu  yd i . 

Total,  per  cu  yd $7 . 

In  this  summary  the  exact  theoretical  proportions  or  quantities  of  < 
sand  and  stone  required  for  i  cu  yd  of  concrete,  and  deduced  from  fo 
are  not  adhered  to,  the  author  stating  that  the  exact  theoretical  pioporti 
the  net  quantities  of  the  materials  determined  by  careful  experimeo 
"conditions  on  actual  construction  work  do  not  approach  those  of  lab 
work  and  that  there  is  always  a  considerable  waste  of  cement,  sand  and  1 
In  view  of  these  facts,  he  states  that,  "  when  estimating  quantities,  it  is  1 
to  allow  less  than  the  following  amounts  of  cement  for  different  prof 
of  mix: 

I  :  iH  :  3  mix 2.00  bbl  per  cu  3^ 

1:2      :  4  mix 1 .  66  bbl  per  cu  yt 

I  :  2>4  :  5  mix x .  40  bbl  per  cu  y 

1:3     :6mtx X .  20  bbl  per  cu  yl 

It  is  customary  to  allow  >^  cu  yd  of  sand  and  i  cu  yd  of  crushed  s| 
I  cu  yd  of  concrete,  and  to  estimate  the  weight  of  crushed  stone  at  1^ 
cu  ft. 

The  Weight  of  Concr«te  varies  from  no  to  155  lb  per  cu  ft,  accoi 
the  material  used.  Concrete  of  the  usual  proportions  weighs  from  140  li 
per  cu  ft.  Trap-rock  concrete  weighs  from  148  to  155;  limestone  id 
concrete,  from  142  to  148;  and  cinder  concrete  from  80  to  x  15  lb  per  cu| 

•  Reinforced  Concrete  Construction,  by  George  A.  Hool,  McGraw-Hill  Book  C 
New  York.  ' 
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It  Smoctli  of  Concrete.    See  Chapter  V. 

■kr  Bnmples  of  Portlend-Cement  Concrete.  From  the  foregoing  it 
IB  that  for  foundation-work  to-day,  mass-concrete  varies  in  proportions 
eix:3:6toa  x  :4  :8  mix.    Some  of  the  earlier  examples  are  added  for 


hwfiriniw  of  the  United  States  Naval  Observatory,  Georgetown,  D.  C* 

IRcoKnt,  2\i  sand,  3  gFa\'d,  5  broken  stone,    (i  bbl  of  cement,  380  lb, 

k  i.iS  yd  of  coocrete.) 

hftifiijiii  of  the  Cathedral  of  St.  John  the  Divine,  New  York:    i  part 

taicemteaU  2  parts  sand,  3  parts  quartz  gravel  of  pieces  from  xH  to  2  in 

faMter.    (17  000  bbl  of  cement  made  1 1  oqo  yd  of  concrete.) 

IniattaQ  Life  Insurance  Building,  New  York,  filling  of  caissons:    i  part 

|i  Pdctland  cement,  2  parts  sand,  4  parts  broken  stone. 

|fest<Hi  Building  (15  stories).  New  York,  filling  of  caissons:   i  part  Portland 

tac  3  psits  sand,  7  parts  stone,  finished  on  top  for  brickwork  with  i  part 

tat  and  J  parts  gravel. 

^itasK  Baker  states  that  the  concrete  foundations  under  the  Washington 

inot  were  made  of  i  part  Portland  cement,  7  parts  sand,  3  parts  gravel 

It  puts  broken  stone,  and  that  this  mixture  stood,  when  six  months  old,  a 

ltf20ooH»persqin,or  244  tons  per  sq  ft. 
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CHAPTER  IV 

EETAINING-WALLS,  BREAST-WALLS  AND 

VAULT-WALLS 

By 
GRENVILLE  TEMPLE  SNELLING 

MElfBER  OF  AMERICAN  INSTITUTE  OF  ARCHrTECTS 

1.   Mechanical  Principles  Ihrolyed 

General  Principlea.  Before  discussing  more  ia  detail  the  problems  f 
to  masonry  structures,  in  which,  if  improperly  constructed,  a  tendency  t 
or  overturn  on  their  bases  may  be  developed,  a  familiarity  with  what  are 
as  the  THEOREii  of  friction  and  the  theorem  of  the  middle  ibird  - 
of  assistance  in  comprehending  the  methods  indicated  for  rendering  such 
tures  stable. 

Theorem  of  Friction.  If  a  body  rests  on  an  inclined  plane  it  will  ; 
stationary  until  the  angle  ^, .  that  the  plane  makes  with  the   hori 


Fig.  1 


Fig.  8  .  Fig.  4 

Figs.  1,  2,  3  and  4.    Body  on  Inclined  Plane.    Graphical  Representation  of  i 

becomes  so  great  that  the  friction  developed  between  the  surfaces  of  tl 
and  the  plane  is  no  longer  sufficient  to  prevent  the  body  from  sUdin 
the  plane  (Fig.  1). 

Assume  the  body  HIJ  resting  on  the  plane  EF.    The  weight,  PF,  of  tt 
is  shown  graphically  by  the  line  AB^  applied  at  its  center  of  gravity  A  { 
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Mkcui  be  resolved  into  two  oomponent  forces,  one,  ACt  normal  to  the 
pipbue  aad  the  other,  AD,  parallel  to  it.  It  b  the  parallel  or  tangential 
jdkk  tends  to  poll  the  body  down  the  plane  and  wl^ch  is  resisted  by  the 
lidereloped  between  the  two  surfaces.  The  friction  developed  between 
^svfaoB  in  contact  depends  upon  the  nature  of  the  materials  of  which 
IB  ooaposed  and  the  intensity  dt  the  foroes  pressing  them  together;  and 
fe  die  tendency  to  slide  only  up  to  a  oertain  point.  As  the  angle  0. 
iikmdined  plane  makes  with  the  horizontal,  increases,  the  tangential 
pnt  r,  of  the  weight  W,  increases,  until  it  becomes  greater  than  the 
pri  irsitf  ancTj  and  the  body  moves  down  the  plane  (Fig.  3).    From 


r-ITsin^ 

iV-PKoQs^,    or,    r-i\rtan0 

« 

^■orideot^  a  positiDn  of  the  plane,  intermediate  between  the  positions 
ibFIbs.  1  and  3,  in  which  the  oomponent  force  T  is  just  balanced  by  the 
iaad  m  wfakfa  the  body  remains  at  rest  although  just  on  the  point  of 
\  {F^.  4).  If  the  angle  which  the  inclined  plane  makes  with  Uie  hori- 
tat  the  moment  when  the  body  is  just  about  to  slide,  be  designated  by  ^, 
dkn  developed  between  the  two  surfaces  will  be  equal  to  N  tan  ^,  since, 
Ae  sa^  of  inclination  of  the  plane  to  the  horizontal  is  ^,  the  tangential 
■Bi  of  the  weight  just  balances  the  friction.  From  the  equation  T  ••  iV 
ks  evident  that  the  friction  is  direct^  proportional  to  N  and  to  tan  ^. 
» is  then  known  as  the  coefficient  CkF  friction  and  ^  as  the  angle  of 
I,  or,  in  the  case  of  stone  surfaces,  it  is  often  known  as  the  angle  of 
m. 

Ubving  Table  I  gives  the  average  values  of  these  constants  as  deter- 
If 


Table  I.   Coeffldents  and  knf^  of  Fiktioa 


Kind  of  surface 

Coefficient  of 
friction,  tan  ^ 

Angle  of 
fricticm*  ^ 

Be.  fiawitotie  and  marble: 

r  ill  1  HI  (J  ttBon  soft  dressed 

0.70 
OSS 
0.6s 

0  6s 
0.60 
0.50 
o.So 
0.33 
0.40 
0.60 
0.40 
0.30 

3^oor 
28    50 

33    00 

33    00 
31    00 
26    40 
26    40 
18     20 
21     50 
31    00 
21     90 

x6    40 

iddnaed  uDoa  hard  dressed 

itf  dnjKd  tmon  aoft  dressed 

oory  Qp>n  xnasonTy 

bary  opoo  wood  (across  the  grain) 

(w^  noa  dry  clay 

HIT  opoQ  wet  or  moist  clay 

^^^^  .••rtrffc  flRB  V^eA  .*..>*■«>■■«■*«■■■■««»■■■ 

**■•  imrm  utttA  or  imn 

pdicossian  only  the  weight  AB  (Figs.  2, 3  and  4)^  of  the  body  has  been 
isi;  hot  the  body  might  be  subjected  to  the  action  of  other  foroes  be- 
t  force  of  gravity,  in  which  case  these  other  forces  would  be  combined 
^WBgfal  ia  ocder  to  find  the  resultant,  this  resultant  being  sgain  resolved 
fyw'^i^l  and  a  normal  oomponent.    Since  the  angle  BAC  is  equal  to  the 
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angle  FEG  (Figi.  2,  3  uid  4),  gtven  i  cnuin  noinut  presaurc  note 
body  on  the  pione,  the  amount  of  the  tangeatial  presiurc  T  depouls  i 
angle  F£C.  The  problem  in  Ktual  practice  reduces  itself  to  so  arran 
conditions  that  no  natter  wh»t  the  position  of  the  plane  may  be,  the 
which  the  resultant  W,  makes  with  the  normal  N,  to  the  plane,  will  not  b 
than  the  akcle  or  triction  or  bepose. 

Tbeoieiii  of  the  Hiddl*  Third.  When  any  surface  is  subjected 
sure  Iiom  the  action  of  any  force  or  forces,  Ibis  tcxtal  pressure  may 

unequal  in  Intensity.  These  forces  will  have  a  resultant,  whose  UA( 
DiKECTioN  and  point  or  appucatioh  can  be  detennined,  dtbet  giaphJ 
by  moments,  ss  explained  in  Chapter  VI.  The  determination  <A  tiM 
elements  of  this  resultant  force  may  at  times  becotoe  of  the  utmost  im, 
to  the  engineer. 

Pressure  of  this  nature  is  techmcallf  known  as  the  stress  to  which 
lace  in  question  is  subjected.  (See  Chapter  I.)  When  the  iNTENSt 
STRESS  is  not  the  same  at  different  points  of  a  surface,  it  is  called  a. 
STRESS,  while  if,  on  the  contraiy,  its  intensity  letnains  the  same  at  ev< 
of  the  surface,  it  is  called  a  umroRU  stress. 

Whoi  a  stiTss  varies  it  may  do  so  in  one  or  two  ways.  It  may  v 
roRHLV.  that  is  to  say,  in  a  uniform  manner,  following  some  definit 
variation,  so  that,  knowing  this  kw,  its  intensity  may  be  determined 
given  point  of  the  surface;  or  NON-uNiroBULV,  following  no  law. 
stress  varies  in  the  former  manner  it  is  called  a  traiFOBMLV  vaiyinc 
This  is  the  case  most  frequently  met  with  in  "'e'""""E  problems. 


Fig.  5.    Kesullant  vithla  Middle  Third  Fig.  B.    Rsuttaot  at  MIddl 

In  dealing  with  isolated  forces,  such  as  concentrated  loads  oa  a  1 
are  usually  Interested  in  determining  the  uagnitude  and  point  of  APr 
of  (he  RESULTANT  ol  these  forces.  When,  however,  llie  question  is  one  c 
ot  of  an  unlimited  number  of  forces,  the  problem  that  usually  preac 
is  one  in  wbich  Che  resultant  is  known,  in  magnitude,  direction  axtt 
application,  and  in  wliich  it  is  required  to  determine  the  distriecti(t 
STRESS  to  which  the  surface  is  subjected.  Or,  in  actual  practice.  It  is 
to  so  atiange  the  porta  of  the  stnictuce  that  thb  l«sultant  dnJI  hare  SD 
nitude,  direction  and  point  of  application  that  the  stress  to  which  th 
under  considetation  is  subjected  shall  not  exceed  certain  lonrs  of 
determined  beforehand  by  experience.  For  example,  when  the  r^ul 
known  amount  of  pressure  or  stress  acts  at  the  center  o: 
face  subjected  to  the  streaa,  this  11 
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Ip  ik  roaltant  acti  ■(  >  dlsunce  of  two-tbirds  the  total  width  of  the 
pbtB  (ne  edge  or  baundary  line  of  the  surface,  and  at  oae-thini  the 
Ifaa  Ik  other  edge,   tbe  stres  is  umrouiLV   vabvinc;    and  its  W' 
B  M  Ihc  cdse  (artbest  from 
^  of    applicatioa    of    tbe 

■uxonni  or  twice  the  avenge 
L  Vhcn,  however,  the  total 
L  d  the  >tre»  remaining  tbe 
I  Ik  pant  of  apptiation  of 
tlii>(  H  It  >  creater  distance 

fcalK  Dud  twa-lhinl<  the 
I  el  Ibc  xurface,  a  certain 
«f  tibc  sffface  adjacent  to  tbe 
iMot  Inim  the  rcstdtant  is 

rtoismissoTACOWTiAiiv        y^     RBullaM  beyond  Middk  TWrf 
lo   that   dstiibutal   over 

jor  part  of  the 
e  remainder  <rf 

RfKi  is  a  IKH5ILE  Btress.  The  itrases  in  a  surface  reialting  fnmi  three 
pIpoiliiMtsof  tbe  resultant  force  may  be  illustrated  srapbically.ai  drawn 
^j.  Sand  7.     (See.  also,  Chapter XXXI,  pages  1335  and  1334.) 

^  Z.   Retaining-Valla 

ftiiMi-  A  RETADinio-WALL  js  a  Wall  built  to  Rnst  the  pressure  o' 
,  Bid.  or  other  GUing  or  backing  deposited  behind'it  after  it  is  built,  as 
aiied  from  a  bmeast-wall  or  »ace-wall,  which  is  a  similar  structure 
k  ^ennt  tbe  fall  of  eaitb  which  Is  in  its  undisturbed,  natural  position. 
^wbKfa  part  has  bem  ercavateil,  leaving  a  vertical  or  inclined  face.  ¥]g 
'  m  of  the  two  kinds  of  wail. 


■DM  at  BaUiniag- Walla.  A  great  deal  has  been  written  on  the  tkeobv 
■Ucccc-WAU^  and  many  theories,  involving  elaborate  calculations  for 
Ing  the  cONjncATE  pbissures  in  the  earth-backing  behind  the  wall, 
bn  (kveb>ped  lot  computing  the  taiUSI  which  a  bank  of  earth  exerts 
lact  I  waU,  and  for  detemining  the  roiii  of  wall  which  offers  the  great- 
hiace  with  the  least  amount  of  malcrial.  There  are  so  many  condi- 
bwRB-.  upon  which  the  thiust  exerted  by  the  backing  depends,  such  as 
■■an  of  the  earth,  tbe  dryness  of  the  material,  the  mode  of  backing  up 
kctiL,that  in  practice  it  i>  impossible  to  determine  the  eiact  thrust  which 
Mtned  apiitat  a  wail  of  a  given  height.  It  is  necessary,  therefore,  in 
It  retaining- walls,  to  be  guided  by  eiperience  rather  than  by  theory. 
fftiiiji  I  al  rctaining-walls  are  10  vague  and  unsatisfactory,  we  shall  not 


^S6 


Retaining-Wafls,  Bseast-Walis  and  Vault-Walls 


indtide  tjoy  ia  this  work,  but  offer,  rather,  such  sugeestions,  nilcs  aad  i 
as  have  been  established  by  practioe  and  experienoe.  A  coastructif 
gested  from  empirical  data,  wbidi  has  beea  found  to  work  well  in  prao 
determining  the  teirust  of  the  eakth-bacsing  and  the  soieksiohs 
WALL  to  properly  resist  this  thrust,  is  given  on  page  257. 

In  designing  a  retaining-wall  the  backing  as  well  as  the  wall  itself  1 
carefully  considered.  The  tendency  op  the  backing  to  slip  is  vec 
less  when  the  material  is  in  a  dry  state  than  when  it  is  saturated  whJ 
and  hence  every  precaution  should  be  taken  to  secure  good  dnioa^e. 
surface-drainage,  there  should  be  openings  left  in  the  wall  for  the  walx 
may  accumulate  behind  it  to  escape. 

The  manner  in  which  the  material  is  filled  against  the  wall,  aiaov  afi 
stability  of  the  backing.  If  the  ground  is  made  irregular,  witii  stepf 
showi\  in  Fig.  8,  and  the  earth  well  ramined  in  layers  inclined  oow 
the  wall,  the  pressure  will  be  very  trifling,  provided  that  attention  is 
drainage.  If,  on  the  other  hand,  the  earth  is  tipped  in  the  usual  ma 
layers  sloping  down  towards  the  wall,  almost  the  full  pressure  of  tl 
will  be  exerted  a^nst  it,  and  it  must  be  made  strong  enough  to  w 
such  pressure. 

Slopss  of  R«poae  and  Angles  of  Rapose.  Cases  may  occur  in  pti 
which  the  conditions  are  not  such  as  are  shown  in  Fig.  8,  which  show 
limited  amount  of  fifl  or  new  material  put  in  bditnd  the  w^  on  to] 
original  slope  of  the  grade;  cases  in  which,  on  the  contrary,  the  wall  1 
built  on  the  natural  surface  of  the  ground  with  a  view  to  creating  an 
new  tenaoe  or  eabaakmeat  and  where  all  the  matffliai  faaxik  of  the  wal 

AH  of  this  material  does  not  beat  upon  the  wall  and  tend  to  overtui 
sand  or  loose  earth  taken  from  an  excavation  and  deposited  on  the  si 
the  ground  does  not  spread  itself  out  Hke  a  liquid  but  piks  up  in  a  nount 
PILING  UP  is  due  to  the  friction  developed  b^ween  the  separate  pai 
they  slide  one  over  the  other  while  being  dumped.  ThisphenoBaenoii  is  i 
in  the  action  of  any  solid  material  broken  up  into  separate  particles;  and  1 
the  SLOPE  of  the  sides  of  such  a  mound  varies  with  different  materij 
in  general,  the  same  for  the  same  material.  The  angle  of  this  slope  is  k 
the  ANGLE  OF  natural  SLOPE  of  the  material.  This  angle  for  the  matei 
erally  used  for  fill  is  given  in  the  following  Table  II. 

Table  n.    Slopes  of  Repose,  Angles  of  Repose  and  Weigihts  of  L* 

Materials 


Kind  of  earth 


Saaid.  clean 

Sand  and  clay 

Clay,  dry 

Clay,  daxnp,  iilastic.. . 

Gravel,  clean 

Gzavd  and  clay 

Gravel,  sand  and  clay 

Sou 

Soft  rotten  rock 

Hard  rotten  rock 

Bituminous  cinders. . 
Anthracite  ashes 


Slope  of 
repose* 


1. 5  tol 
l.33toi 
1.33  toi 
2  tol 
Z.33  toi 
l.33toi 
1.33  to  I 
1,33  tol 
1. 33  tol 
I  tox 
I  to  X 
Z       to  I 


Angle  of 
repose 


Ibi 


33*  41' 

36  53 

36  53 

a6  34 

36  53 

36  53 

36  53 

36  53 

36  S3 

45  00 

45  00 

45  00 


*  The  slope  is  that  of  horizontal  to  vertical  projection. 
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jlnvet  Oft  RetaiiiinC- Walls.  Even  under  the  conditions  shown  in  F2g.  8^ 
|s  pot  of  the  fil]ed4n  material  will  exert  a  pressure  on  the  walL  It  wouki 
beni  to  suppose  that  the  part  of  the  fill  exerting  pressure  on  the  waL 
ili  he  determined  by  the  ancle  of  natural  slope,  all  material  from  a 
IbI  borizontal  ^rade  up  to  this  angle  being  able  to  take  care  of  itself,  and 
tk  suterial  above  the  angle  needing  the  wall  to  hold  it  in  place.  Experi- 
^ibcn  that  this  is  not  strictly  true,  for  as  the  earth  settles  into  place  certain 
b  d  isTtKSAL  EI.ASTICITY  and  tendencies  toward  a  state  of  equilibrium 
b  icid  phy  creating  inixrnal  stresses  which  produce  the  con/ugate 
iBnis  already  referred  to.  The  exact  determination  of  these  internal 
Bees  demuds  relatively  complicated  calculations  which  would  be  out  of 
baa  book  of  this  character.    The  construction  given  in  the  following 

^pb  for  determining  the  slope  of  the  cleavage-plane,  between  that 
tk  baddng  which  sustains  itself  and  the  triangular  fill  which  actually 
b(a  the  wall,  b  sufficiently  accurate,  however,  for  all  practical  purposes. 

lie  Slope  of  the  CleaTage-Plane.  The  following  construction  (Figs.  9 
1 10),  based  upon  empirical  data,  for  determining  first,  the  prism  of  earth 


Tig.  9.    Method  of  Determining  the  Prism  of  Earth 

A  coRts  pressure  on  the  bade  of  the  waU  and  secondly,  the  proper  dimen< 
Hior  the  waU,  has  been  found  to  work  well  in  practice,  when  certain  neces- 
fpecaudons  are  taken.  These  include  proper  prainage  behind  the  wall, 
^uuaONG  of  the  fill  and  efficient  bracing  of  the  wall  during  its  construe- 
i 

life  calculations  to  determine  the  pressure  of  the  earth  and  the  weight  of 
Mfl,  a  !iike  I  ft  thick  is  first  considered.  Then  the  area  of  the  triangle 
i  is  pfoportkmal  to  the  volume  and  weight  of  the  slice  of  earth  causing 
p»e  on  the  waU,  and  as  the  area  of  the  cross-section  of  the  wall  is  propor- 
M  f£»  the  volume  and  weight  of  the  slice  of  the  wall  itself. 
i  detcnoins  the  prism  op  earth  which  exerts  pressure  against  the  back  of 
pi£,  dedde  first  upon  the  batter  to  be  given  to  the  back  of  the  wall.  In 
ft  made  8o**  with  the  horizontal,  an  angle  slightly  greater  than  that 
by  Trautwine.  Draw  BH  (Fig.  9),  making  an  angle  ABH,  equal  to 
the  back  of  the  wall;  continue  this  Hne  until  it  meets  at  H  the  slope 
saiact  of  the  earth  back  of  the  wall,  prok>nged.  From  A ,  the  top  of  the 
4aw  A  J  psralle]  to  BF  the  natural  slope  of  the  fill.  This  has  been  Uken 
',  as  a  fair  average  value.  Erect  a  pctpendicular  from  the  middle  of  JB. 
aay  pointy  O,  as  a  center,  on  this  perpendicular,  describe  an  arc  passinf 
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Uirough  J  and  B.  Draw  EO  and  biaect  it,  and  with  C  as  a  center  and  Oi 
a  radius,  describe  the  arc  cutting  the  arc  JKB  at  K,  Again,  with  a  radiua 
and  with  H  as  center,  describe  the  arc  /TL,  and  finally,  from  £,  draw  LR  pai 
CO  J  A .    The  intersection  of  this  line  with  the  surface  of  the  ground  locabea 


r*^ 


Fig.  10.    Method  of  Detennining  DimcnMons  of  Retainiag-wall 


pdnt  £.  The  line  £B  is  the  line  of  the  cleavagb-piane  which  separata 
port  of  the  backing  which  bears  against  the  wall  from  the  part  which  eacei 
Uteral  pressure. 

Having  found  the  dimensions  of  the  voluice  of  earth,  the  thrust  of  i 
must  be  resisted  by  the  wall,  the  next  step  is  to  determine  what  the  Dmsifi 
OF  THE  WALL  should  be  to  properly  resist  this  thrust*  Usually  one  or  two 
are  necessary  before  the  proper  solution  of  the  problem  is  found.  In  til 
ample  given,  a  preliminary  trial  was  made  with  a  thickness  at  the  base  o| 
This  construction  is  shown  with  the  green  lines  (Fig.  10). 

After  drawing  the  triangle  representing  the  base  of  the  prism  of  £arth 
its  oenter  of  gravity,  G  (Chap.  VI).    From  this  point  draw  two  normals^  c 
the  back  of  the  wail  and  the  other  to  the  line  of  the  cleavaoe-piame. 
the  two  lines,  GM  and  GN,  making  angles  ^  with  these  normals.    Lay  ol 
licaUy  froin  the  oenter  of  gravity,  at  any  oonvenient  scale  of  so  many  a 
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tBtbe  liDMr  indi,  the  area  of  the  triaagle  of  tlie  base  of  the  pdsm,  the 
Bahta4sr  eqjtlaiiied,  being  proportional  to  the  volume  of  the  ptitm  and 
Resolve  this  weight-line  along  the  two  lines  GM  and  GN  (Chap. 
Tte  vifl  give  the  magnitude  and  oikection  of  the  thrust  or  preasure 
euth  against  the  wall.  Apffy  thia  pressure  at  a  point  on  the  back  of  the 
|la^duId  of  the  distance  from  the  bottom,  as  shofwn  by  the  airow.  This 
lAeloRc  which  may  tend  to  overtuhn  the  watt  and  which  tends  to  make  it 
piiki«  the  base.    (See  Fig.  6.) 

lit  lesist  these  ovextubming  and  SLXDOf o-tbnpengiss,  the  weight  of  the  wall 
Miaed  with  the  pressure  of  the  earth  behind  it  should  produce  a  resultant 
B  satisfies  the  following  conditions.  First,  its  magnitude  should  not 
\peat  esoagh  to  cause  a  unit  pressure  on  the  foundation-bed  greater  than 
^aUybtax;  secondly,  it  shouki  pass  within  the  middle  thud  of  the  base 
Mm  the  stress  over  the  entire  area  of  the  base  wiU  be  a  compressive  stiess; 
■tlinib'f  it  should  make  an  angle  with  a  normal  to  the  plane  of  the  founda- 
^M  sot  gicater  than  the  angle  of  friction  between  the  stone,  brickwork, 
hCBft,flr  other  masonry  oi  the  footings  and  the  sand,  clay,  or  rock  of  the  foun- 
iMel 

hflrder  to  determine  these  conditions,  the  center  of  gsavity  of  the  croas- 
|te  of  die  wall  must  be  determined  and  a  vertical  line  drawn  through  this 
kliMtil  it  mtersects  the  line  of  the  eartb-thrust  produced.  It  is  at  this- 
inctiaD  of  the  lines  of  action  of  the  two  forces  that  their  RfisuLTANt 
^  To  find  the  center  of  gravity  c>f  the  cross-section  of  the  wall,  the  method 
linfisg  the  trapezoid  into  two  triangles  has  been  followed,  the  center  of 
Mrof  each  triangle  being  found  and  these  two  points  being  joined  by  a  line. 
iMBsection  of  this  line  with  the  median  line  drawn  between  the  base  and 
^topof  the  wall  is  the  center  of  gravity  of  the  trapezoid.  In  this  example, 
tavenience,  the  scale  used  for  the  composition  of  the  forces  of  the  pressure 
'\pt  euth  and  the  weight  of  the  wall  is  one>half  die  scale  used  for  the 
iaiioa  of  the  forces  representing  the  wei^t  of  the  earth-prism, 
h^fiist  trial,  shown  by  the  green  lines,  the  first  and  third  ooocBtioiis  necet* 
I  to  Bsure  stability  are  fulfilled;  but  the  second  is  not,  the  resultant  pass^ 
[■Bade  the  middle  third  of  the  base.  This  indicates,  theoretically,  a 
ItnusiLE  stiess  or  a  tendency  for  the  joints  at  the  back  of  the  wall  to  open, 
rikr  trial,  therefore,  is  shown  with  the  red  lines,  the  thickness  of  the  wall 
hrnacased  as  shown  by  the  rectangle  CC'D'D,  In  this  second  trial  the 
IBBT  or  THE  WALL  is  necessarily  increased  while  the  earth-thrust  remains 
iMBK.  As  in  this  case  the  resultant  passes  within  the  middle  third,  it  is 
dhded  that  a  wall  of  these  dimensions,  5  ft  base  by  10  ft  height  and  with 
h*  latter,  will  be  safe  and  will  properly  resist  the  thrust  of  the  earth- 

Mds  of  Canstmctioii.  Retainiog-walls  are  generally  built  with  a  batter- 
Ltbt  is,  a  SLOPING  face,  as  walls  of  this  form  are  the  strongest  for  a  given 
bat  of  cBaterial;  and  if  the  courses  are  mcuNBD  down  towards  the  back,  the 
mr  to  shde  on  each  other  will  be  resisted,  and  it  will  not  be  necessary  to 
ifCtt  the  adhesion  of  the  mortar.  Tlie  importance  of  making  the  reaist" 
■dcpeadent  of  the  adhesion  of  the  mortar  is  obviously  very  great,  as  it 
Nedavise  be  necessary  to  delay  the  backing  up  of  the  wall  until  the  mortar 

set,  which  might  require  several  months, 
kkiirafk  it  is  advisable  to  let  eveiy  third  or  fourth  course  below  the  frost- 
an  inch  or  two.    This  increases  the  friction  of  the  earth  against 
sad  causes  the  resultant  of  the  forces  acting  behind  the  wall  to  become 
vertical,  and  to  fall  farther  within  the  base,  increasing  the  stability 
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It  iho  andnca  to  Uteogtb  to  nuke  the  counea  of  varying  hrigbts  tliroa 
the  thickntM  oS  the  wall,  and  to  have  sodm  oI  the  Mooes,  elpedaUy  thos 
the  btcti  auffidently  high  to  extend  thiDUsb  tin>  or  three  cmuBea.  B; 
meuki  the  whole  nusoniy  becomes  more  effectually  iaterloded  «  b 
together  u  one  mua  snd  ii  Itss  liable  to  bulge.  The  eounes  of  masoa 
often  laid  with  thdr  beds  eloI'iho  in,  bs  hi  Fig.  IS,  to  overcome  the  ten 
of  the  eounes  to  ilide  on  each  otbei. 

Where  the  ground  freezes  to  a  great  depth,  the  back  o(  Cbe  wall  sboi 
•u»«Dn>BWABi>(or  three  or  (our  feet  b«fcw  its  t(4»Mif«ce,  as«tOC(FI| 


Fte.    11.      Rtt 

wall  «IUi  Till 
Craa-Mctuii 


lud  tills  slope  should  be  quite  mooth,  so  u  to  leisai  the  hold  of  the  fro 


Figa.  12, 13,  14  and  15  dww  the  approximate  i 
ASIAS  of  walk  of  different  shapes  that  would  be  requited  to  resist  the  pi 
•(  a  bank  of  earth  ii  ft  high.  The  &nt  three  example  sie  c&Iculated  to 
the  niBiiinuni  thrust  of  wet  earth,  while  tbe  last  showa 
■he  modified  fonn  usually  adopted  in  practice. 

Note*  on  the  Thickness  of 
Betainini-Walls.  As  has  been 
stated,  about  the  only  practical 
rules  for  relaining-walls  are  the 
empirical  rules  bflsed  upon  ex- 
perience and  tests.  Trautwine* 
gives  the  following  Table  III  for 
the  thickness  At  the  base  of 
vertical  retaiiiiiig-walls  with  a 
sand  hading  deposited  in  the 
usual  manner.  Tbe  fitst  column  , 
I    ccntains   the  vntlcal  hdght  CD 

(Fig.  16)  of  the  earth  as  compared 

with   the   vertical   height  of  the 
wall,  AB.    The  latter  is  aiaumed  to  be  i.  so  that  the  table  begins  ' 
badiiag  ol  the  same  height  as  the  wall.    These  vertical  walls  may  be  bi 
to  any  eitent  not  eioeeding  iM  in  to  i  ft,  or  i  in  8.  without  affectini 
stabUity  and  without  increasing  tbe  ban. 

If  the  wall  is  built  as  in  Fig.  IT,  with  the  ground  practically  level  in 
lop,  the  top  of  the  wall  should  be  not  le»  than  i8  in  thick,  and  tbe  thid 
at  a,  s.  etc.,  just  above  each  step,  should  be  from  one-third  to  two-hfths 
*  Tbe  Ovil  Engloeet's  FodLet-Book,  John  C.  Trautwine. 
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k  fnm  the  tnp  of  the  wall  to  each  o(  tbest  levels.  If  the  (uth  b  banked 
K  the  lop  of  the  wall,  the  thickntssa  should  be  increawd  as  indicated  by 
kUe  gJTcn  above.  If  built  upon  ground  that  is  affected  by  treat  or  sui' 
■aWf,  the  footinga  should  be  carried  9ufEdenlly  below  the  sui^ace  of  the 
■d  at  the  base  to  iosuie  against  heaving  or  settling. 


\.  With  the  constantly  inoeasing 
purposes,  there  has  come,  also,  the 
laterial.  Figs.  18,-  19*  and  20* 
fat  retaining- walls  to  latisly  the 
,  Taylor  and  TbomtODn. 
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requirements  of  banlu  5,  la  and  lo  ft  high.  The  vail  shown  in  Fl] 
reinforced  at  intervals  with  codntekfobts.  The  walls  themselves  in  F 
■nd  19  act  as  caniilevek  beaus.  The  footihgs,  in  all  three  cu 
tubjected    to   two   priodpal  citeroal   forces,    the    resultant    of    the  r 


HHigh 

upward  pressure  of  the  foundation-bed  nnd  the  resultant  of  the 
ward  pressures  of  the  fill.  In  Fig.  20  the  copino  acta  as  a  beau  h 
BOTH  ENDS,  with  a  span  equal  to  the  distance  between  the  couni 
and  loaded  with  the  proper  proportion  of  the  load  due  to  the  pre) 
the  fill  behind  the  wall  and  transmitted  to  the  coping  by  the  wall.  1 
itself  in  this  case  acts  as  a  ri/x)R-si.An  supported  on  all  four  sides  and  su 
to  an  approximalely  evenly  distributed  load.  The  counterforts  arr  in 
The  UAXiutiu  BENDiNO  iiOBENTS  for  these  various  cases  can  be  deti 
(Chapter  IX)  and  the  necessary  diuensions  and  betntorcement  to 
vided  dedded  by  the  rules  given  in  Chapter  XXIV. 

t.  Bteait-WaUa 

Breast-WallB.  Where  the  ground  to  be  supported  is  firm,  and  the  M 
horizontal,  the  office  of  a  bbeast-wall  (Fig.  81  is  more  to  protect  than  lo 
the  earth.  It  should  be  borne  in  mind  that  a  tiiHing  lorce  skilfully  applie 
broken  ground  will  keep  in  its  ;dace  a  mass  of  material,  which,  ii  once  d 
move,  would  crush  a  heavy  wall.    Great  care,  thetefote,  should  be  take 


Ir  aewfy  opened  ground  to  f  be  influence  d  air  and  nater  longer  ttuui  ii 
d  work,  and  to  avoid  leaving  the  snialleat  spBce  for  motion 
it  badt  al  the  wsl)  and  the  ground.  The  strength  of  a  breast-wall  muat 
'r  iDocased  when  the  strata  [o  be  supi>orted  incline  down 


■h-  91    Rdalatced-oHHTete  Relainiiic-inD  witli  Counicirntis  and  Apron 

felkvall;  where  they  inclioe  duwa  from  it.  the  wall  need  be  little  more 
iiaiiriaMO  to  protect  the  ground  (rorn  disintegration.  The  preaerva- 
I  Uk  tUTtnAL  DRAiN&CE  is  out  of  the  mOit  important  points  to  be 
k  to  in  the  erection  of  breast-walK  3s  upon  this  their  stability  in  a 
^me  de^iends.  No  rule  can  be  given  for  the  best  way  to  do  this;  it 
Mhr  lor  aUentWe  oxksidention  in  each  particular  case. 

4.  Vanlt-Wall* 

M-VaSa.  In  large  dties  it  ia  customary  to  utilize  the  space  under  the 
h  ior  itonce  or  other  purposes.  This  nece&iiCatea  a  wall  at  the  curb- 
lUd  back  tbe  earth  and  the  itreet-prcssures  and  also  the  weight  of  the 
p.  ffbcTe  practicable  the  apace  should  be  divided  by  partition-walls 
Inr  lo  ft,  and  when  this  is  done  the  outer  wall  may  be  advantageously 
f-—il  brkka  in  the  formof  arches,  as  shown  inFig,  21.     Then 
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rf  tbe  atdi  dunild  be  at  leut  i6  in  lac  *  depth  <rf  9  It  and  the  aisi  • 
MCh  Irom  one-oghth  to  one^iith  of  the  spui.  If  putitioru  ve  not  [ 
cable,  each  sidewaik-beui 
be  lupported  by  a  heavy  t 

mental  arches  between,  cf 
brick  or  ctmcrrte.  Fig. 
shows  a  detail  of  the  outa 
ol  the  vault  udder  the  nc 
around  the  Singer  buildini 
YorkCily.  TbeKwaUl. 
of  a  core  formed  by  tw 
brick  arches  with  vertical 
built  between  the  flaoj 
8-in  vertical  steel  1 
spaced  about  5  ft  apsj 
bedded  at  the  bottom  in 
Crete  footing.  TheJr  to 
laterally  by  the  sidew&lk- 
S  ft  apart.    The  arches  themidres  are  Msmenlal,  with  a  rise  of  abcni 


Fie.  it-    Vault-walls  ol  Singer  BuOding.  New  York  Cty 

and  are  built  up  solid  against  an  8-in  oulade  lacc-wall.  A  4^n  ptah 
wall  is  built  inside  aeainsl  the  Sanscs  of  the  vertical  beams,  iadoa 
mCDtal  air-chambers  in  front  of  each  arch. 

*  From  The  EDcinaeriiMt  Rccocd,  Feb.  16,  1811S.   - 
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I  CHAPTER  V 

hGTH  OF  BKICKS,  STONE,  MASS-CONCEETE  AND 
MASONUT 

\  By 

I  THOMAS  NOLAN 

besot  OF  ARCHITECTDKAL  CONSTSUCTION,  UMIVEftSITy  OF  PENNSYlVAinA 

L  Crashing  Strength  of  Stonework,  Brickwork,  Bricks,  etc. 

bMH  in  Masonry.  By  the  term  STR£NGTn  of  masonry.  U  geoerallr 
pi  ks  reststance  to  a  direct  compressive  force  or  load,  and  this  is  the  only 
dtttresft  to  which  masonry  sliould  be  subjected.  Stone  lintels  and  footings 
fk  subjected  to  a  transvkssb  or  bending  stress,  but  they  can  hardly  be 
lied  b  the  term  masonry,  as  they  consist  of  single  pieces.  There  are  also 
indes  to  bend  and  to  split  apart  in  brick  walls  and  piers,  as  they  are  usually 
la  pooportion  to  their  lateral  dimensions,  but  the  stresses  thus  devebped 
M  be  accuiately  determined  and  should  be  avoided  as  much  as  possible. 
iBpoaable  to  hx  values  for  the  strength  of  brickwork  or  stonework  with 
Icf  like  the  exactness  possible  for  wooden  or  steel  members,  for  the  reason 
[  tfet  is  not  only  a  great  variation  in  the  strength  jof  different  kinds  of 
kjBd  stone,  even  when  taken  from  the  same  kiln  or  quarry,  but  the  strength 
tfe  aad  pien  is  also  greatly  affected  by  the  kind  and  quality  of  the  mortar 
I  the  way  in  which  the  work  is  built  and  bonded,  and  the  amount  of  moisture 
bwatmak  when  they  are  laid.  All  Ihat  can  be  done,  therefore,  is  to  give 
n  vfekh  will  be  safe  for  the  different  kinds  of  masonry  built  in  the  usual 

HCa« 

Knkiag  Compresstve  Strength  of  Masonry.  The  building  laws  of  most 
k  kxsex  chics  of  this  country  specify  the  maximum  loads  per  square  foot 
Md  to  be  placed  upon  different  kinds  of  nuisonry,  and  these  laws  must  govern 
sditects  in  such  cities.  When  there  is  no  restriction  of  this  kind,  Table  I 
iapRtty  good  klea  of  the  nuudmum  loads  which  it  is  safe  to  put  upon  the 
RBt  \iods  of  work  mentioned.  Table  II  gives  the  maximum  9afe  loads 
ied  b  the  building  laws  of  several  cities,  and  the  remaining  tables  of  the 
kr  pvc  records  of  numerous  tests  made  to  determine  the  ultimate  com- 
vt  strengths  of  various  kinds  of  bricks,  building  stones,  mortars  and  con- 
hMsd  are  of  value  in  determining  the  safe  loads  for  special  cases.  In 
Nailing  the  safe  compressive  resistance  of  masonry  from  tests  on  the  illti- 
iCDopceMve  strength  of  work  of  the  same  kind,  a  factor  of  safety  of  at 
ISDsknid  be  allowed  for  piece  and  30  for  arches. 

Table  L    Safe  Working  Loads  for  Masonry 
BniCKWORK  Df  Walls  or  Piers 


knb  in  fime  mortar 

mks  in  hydraofic^lime  mortar 

■Kks  in  natural-cement  mortar,  1:3 

V  pleased  bricks  in  lime  mortar 

wpicsBed  bricks  in  natural-cement  mortar 

pleased  brirks  in  Portland-cement  mortar 


Tons  per  square  foot 

Eastern 

Western 

7 

5 

•  •  • 

6 

10 

8 

8 

6 

13 

9 

15 

13V^ 
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Piers  exceeding  in  height  six  times  their  least  lateral  dimensions  shoi 
increased  4  in  in  lateral  dimensions  lor  each  additional  6  ft. 

Stonework 

Toi 
aqua 

Rubble  walls,  insular  stones 

Rubble  walls,  coursed,  soft  stone 

Rubble  walls,  coursed,  hard  stone 5  to  : 

Dimension-stone,  squared,  in  cement  mortar:* 

Sandstone  and  limestone 10  to  ; 

Granite 20  to  . 

Dressed  stone,  with  H-in  dressed  joints,  in  Portland-cement  mortar:  * 

Granite ( 

Marble  or  limestone,  best 4 

Sandstone r 

The  height  of  o>lumns  should  not  exceed  eight  times  the  least  diameter, 
the  least  diameter  is  sufficiently  greater  than  necessary  for  the  strength 
material  used. 

Concrete  f 

Portland-cement  mortar,  i  :  8,  6  months,  10  tons;  i  year,  15  to  20  b 
Natural-cement  mortar,  i  :  6,  6  months,  3  tons;   i  year,  5  to  8  tons 

Hollow  tile 

Safe  loads  per  squard  inch  of  effective  bearing  parts 

Hard  fire-clay  tiles 80  1 

Hard  ordinary  clay  tiles 60  ] 

Porous  terra-cotta  tiles 40 ! 

Mortar 

In  H-in  joints,  3  months  old 

To 
aqui 

Portland-cement  mortar,  i  :  4 

Natural-cement  mortar,  i  13 

Lime  mortar,  best 8  to 

Portland-cement  mortar,  1:2,  M-in  joints,  bedding  iron  plates 

The  values  given  above  are  generally  very  conservative.    The  leadiofi 
tects  and  engineers  of  Chicago  recommended  for  that  city  in  1908  the 
ing  SAIE  woRiUNG  PRESSURES  for  brick  and  stone  masonry  and  concx«te: 

Common  bricks,  crushing  strength  i  800  lb  per  sq  in:      Lb  per  T 

sq  in 

In  lime  mortar xoo 

In  lime-and-cement  mortar 125 

In  natural-cement  mortar 150 

In  Portland-cement  mortar! .  i ! . . '. 175 

"Limestone  ashlar  is  usually  set  in  (i)  lime  mortar,  (a)  puszolan,  natural 
mortar,  or  other  non-staining  cement  mortar,  or  (3)  mortax  composed  of  lime  ai 
Portland  cement. 

t  See  pages  283  to  287. 
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att7 


tto.  hud,  common  bricks,  crushing  strength  equal 

to  a  soo  lb  per  sq  in: 
k  r  put  Portland  cement,  x  lime-paste  and  3  sand. . 

h  t :  3  Rortbmd-cement  mortar 

^mi  md  lewer-bricks,  crushing  strength  equal  to 
^  S^oolb  per  sq  in:  1:3  Portland-cement  mortar. . 

biif  hrkks,  in  i  :  3  Portland-cement  mortar 

^ode,  Bstuial  cement,  i  :  3  :  5 

bcnie,  Portlaad  cement,  1:3:6,  machine*mixed. . 

^■me,  Portland  cement,  1:3:6,  hand-mixed 

hvitle, Portland  cement,  1:2:4,  machine-mixed. . . 

bEBtfe,  Portland  cement,  1:2:4,  band-mixed 

^Ue^unoiiised,  in  lime  mortar 

^iUe;  HBOooned,  in  Portland-cement  mortar 

(ttfe,  oomaed,  in  lime  mortar 

hftfcte,  couised  in  Portland-cement  mortar 

illtf.fiaiestone,  in  Portland-cement  mortar 

0K  Hie  on  limestone  ashlar,  page  266.) 

Ikr^giaoite,  in  Portland-cement  mortar 

■■ittBe  on  Code  Requirements  for  Indiana  lime- 


Lb  per 

Toiwper 

sqw 

aqft 

175 

isH 

200 

14H 

2SO 

18 

350 

25  H 

ISO 

icH 

300 

UH 

250 

i9 

400 

28H 

3SO 

35  Ji 

60 

4H 

xoo 

7H 

X20 

m 

200 

14H 

400 

2SH 

600 


43H 


^Ksfeae^shlar   masonry,    in   lime   mortar,   equiv- 

akat  to  I  :  3  cement-and-lime  mortar 200  to  350  14H  to  18 

Mtaal-cenKnt-and-Ume  mortar,  1:3 400  to  500  28fi  to  36 


Table  n.     Comparison  of  Building  Laws 

• 

Matcriab 

Bos- 
ton, 
X91S 

Buf- 
falo. 
1909 

New 

York. 

19x7 

Chi- 
cago, 
1916 

St. 
Louis. 
1907 

Phil- 
adel- 
phia, 
1914 

Den- 
ver, 
1898 

Allowable  pressures  in  tons  per  sq  ft 

ksitr  cue                       

60-72 
40 
30 

18-20 

12 

9 
6 

18 

9 

St 

4 

72 

43-50 

29 

18 

IS 

iiH 
8 

43 
29 
29 

X2^ 

xoH 

7 
x8 

1 

40 

itie  ud  limestone   cut ... 

ifatonf  hATvl  rtit                  .  . 

za 

iPwraed  bricks  in   Port- 

21H 

XX 

^^terned   bricks   in    nat- 
nt-ormeot  mortar 

X5 

12 
8 

9 
8 

^fd-barned   bricks  in 
feas-asui-lime  mortar — 
pbened  bricks    in    lime 

12-14 
6-8 

Kd  bricks   in    Portland- 
frtfflt  ■Kvtar             

iai   bricks    in     natural- 
tenf  muctiif                       .  .  . 

X2 
X2 
XO 

4 

|be    tume     in     natural- 
fenmt  nun tjfcT 

8t 
36 

IS 

10 

IS 

mad<aaent   concrete   in 
aoisuoos,  I  z  2  I  4* .  •  •  -  • 
■akcement    concrete    in 
piatioas.  1:2:4 

25-30 

18-28 ( 
loHll 

18 

387,  relatiag  to  boildiiig  laws  and  working  loads  for  masoory,  etc. 
! hcthnd-ccment  mortar,     tin  Portland-cement  mortar,  10;    in  Urae<emeiit 


to  mixture.     ||  i  :  2  :  5  mixture. 
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Brkk  Pters.  As  a  rule  brickwork  is  subject  to  its  lull  saie  reaistaiic 
when  used  in  piers,  and  in  small  sections  of  walls,  under  bearing-plates. 
latter  case  but  a  few  courses  receive  the  fuU  load,  and  hence  a  greatc 
stress  may  be  allowed  than  for  piers.  Values  for  computing  the  area  of  ht 
plates  are  given  in  Chapter  XIII.  Aside  from  the  quality  of  the  woi 
materials  the  two  elements  which  most  influence  the  strength  of  brici 
are  the  ratio  of  height  to  least  lateral  dimensioa  and  the  method  of  be 
When  the  height  of  a  brick  pier  exceeds  six  times  its  least  lateral  dimensi 
load  per  square  foot  should  be  reduced  from  the  values  given  in  Table  L 

FormnlaB  for  the  Safe  Strength  of  Brick  Piers  exceeding  six  dia 
in  height.  From  the  records  of  numerous  tests  on  the  strength  of  bridi 
from  some  formulas  published  *  by  Ira  O.  Baker,  and  also  from  persona] 
vatlon,  Mr.  Kidder  deduced  the  following  formulas  for  the  mazimum  w 
loads  for  first-class  brickwork  in  piers  whose  height  exceeds  six  times  tl) 
lateral  dimension. 

For  {uers  laid  with  rich  lime  mortar: 

Safe  load  per  square  inch  •=  i  lo  -  5  H/D 
For  piers  laid  with  i  :  2  natural-qement  mortar: 

Safe  load  per  square  inch*- 140  —  sHB/D 
For  piers  laid  with  i  :  3  Portland-cement  mortar: 

Safe  load  per  square  inch  *«  200  —  6  H/D 

B  representing  the  height  in  feet,  and  D  the  least  lateral  dimension  in  fet 
For  a  pier  20  ft  high  and  a  ft  square  these  formulas  will  reduce  the  s 
to  4.3  tons  per  sq  ft  for  lime  mortar,  6.1  tons  for  natural-cement  moi 
10  tons  for  Portland-cement  mortar.  No  pier  over  8  ft  high  should  be  I 
12  by  12  in  in  cross-section  and  when  from  6  to  8  ft  high  piers  should  be 
8  by  12  in  in  cross-section. 

The  following  is  the  Chicago  law  (19 14):  "Isolated  piers  of  concrel 
or  masonry  shaU  not  be  higher  than  si?(  times  their  smallest  dimension 
the  above  unit  stresses  t  are  reduced  according  to  the  following  formula 

P-C  (1.25 -H/20Z)) 

in  which  P  is  the  reduced  allowed  unit  load,  C  the  unit  stress  above 
to,  H  the  height  of  the  pier  in  feet  and  D  the  least  dimension  of  the  pie 
No  pier  shall  exceed  in  height  twelve  times  the  least  dimension.  Tfa 
of  the  pier  shall  be  added  to  other  loads  in  computing  the  load  on  the 
Brick  piers  intended  to  carry  more  than  50%  of  the  safe  loads  givt 
should  not  be  built  in  freezing  weather  nor  with  dry  bricks.  Lrime 
should  not  be  used  for  building  piers  that  are  to  receive  their  full  loa 
three  months. 

Effect  of  Bond  on  the  Strength  of  Brickwork.  Brick  piers,  1 
the  point  of  destruction,  always  fail  by  the  splitting  and  bulging  01 

*  la  the  Brickbuilder,  April,  1898. 

t  For  piers  faced  with  pressed  bricks,  laid  with  joints  H  in  or  less  in  ttiid 
backed  with  common  bricks  in  lime  mortar,  only  the  dimensions  of  the  backing 
considered  in  figuring  their  strength.  If  the  backing  is  laid  in  cement  morta 
face-bricks  are  well  tied  to  the  backing,  the  full  section  of  the  pier  may  be  consid^ 
piers  veneered  with  stone  or  terra-cotta.  4  in  thick,  only  the  strength  of  the  back 
be  considered. 

X  These  are  in  general  the  "  safe  working  pressures  "  for  brickwork  previously  1 
as  recommended  by  the  Chicago  architects  and  engineers  in  190S. 
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and  not  by  direct  crushing  of  the  bricks  or  mortar,  showing 
liBaie  weakest  in  tfadr  bond  and  in  the  tensile  or  transverse  strengths  of 
Isis.  It  is  veiy  important,  therefore,  to  liave  the  brickwork  well  bonded, 
jri  jaatt  filled  with  mortar  or  grouted.  The  strength  of  a  brick  pier  in- 
lib  any  an  extreme  load  would  probably  be  increased  by  bonding  fre- 
jl^fith  hoop-iroa  in  addition  to  the  regular  brick-bond.* 

bi-Stoaes  in  Brick  Piers.  Many  competent  architects  and  builders 
ibthst  the  strength  of  a  brick  pier  is  increased  by  inserting  bond-stones, 
15  Id  8  m  in  thickness  and  the  full  aze  of  the  pier  in  cross-section,  every  3  or 
kkdslit 

ilcBBple,  the  Building  Laws  for  the  City  of  New  York  (19x6)  require 
}tam  every  30  in  in  hoght,  and  at  least  4  in  in  thickness*  to  be  built  into 
ifin  which  contain  leas  than  9  superficial  feet  of  section,  and  which  sup- 
fey  bom,  girder,  arch,  or  column  on  which  a  wall  rests,  or  lintel  spanning 
pning  over  xo  ft  and  supporting  a  wall.  The  New  York  laws  allow  per- 
ti  Hed  or  cast-iron  plates  of  the  full  cross-section  of  the  pier  to  be  uaed 
ri  flf  the  bond-stones.  On  the  other  hand,  there  are  many  first-class 
kssho  ODosider  that  bond-stones  in  a  brick  pier  do  more  harm  than  good, 
ie  sathor  is  <A  the  opinion  that  this  is  generally  the  case.  The  Boston 
hi  Laws  do  not  require  intermediate  bond-stones.  If  bond-stones  are 
iftcf  dioald  be  bedded  so  as  to  bear  rather  more  heavily  on  the  inner 

■  of  the  pier  than  on  the  outer  4  in,  for  unless  this  is  done  the  outer  shell 
Hkt  most  of  the  load,  and  will  be  likely  to  bulge  away  from  the  core.  A 
Itmk  supports  a  girder  or  column  should  have  a  cap-stone  or  iron  plate  of 
fatstiCDgth  to  distribute  the  pressure  over  the  cross-section  of  the  pier. 

|Mi  Faced  with  Stone,  Terra-Cottt,  or  Cement  Blocks.  Brick  walls 
|i^  blocks  or  ashlar  of  any  material  should  always  have  the  backing  laid 
neat  laortar  or  in  cement-and-lime  mortar,  unless  the  backing  is  very 
,  thit  is,  30  in  or  more.  The  aggregate  thickness  of  the  mortar  joints  in 
ickiag  is  so  much  greater  than  in  the  facing,  that  any  shrinkage  or  com- 
ba  of  die  mortar  tends  to  throw  undue  weight  on  the  facing  and  to  sepa- 
t  from  the  backing.  Veneering  generally  should  be  tied  to  the  backing 
m,  every  iS  in  in  height.  Stone  courses,  up  to  about  36  in  in  height, 
^  tuve  anchors  in  the  bed-joints  only.  Anchors  are  placed  in  the  side 
iaba,  when  the  height  of  the  courses  is  more  than  36  in.  The  Building 
iKts  of  several  large  cities  require  that  all  bearing  walls  faced  with 
ikid  in  running  bond,  and  all  walls  faced  with  stone  ashlar  less  than  8  in 
ibiS  be  of  such  thickness  as  to  make  the  wall  independent  of  the  facing 

■  to  that  required  for  unfaced  walls.  Ashlar  8  in  thick  and  bonded  into 
Kkmg  may  be  counted  as  part  of  the  thickness  of  the  wall. 

nfisg.f  It  is  contended  by  persons  having  large  experience  in  building 
ttsoory  carefully  grouted,  when  the  tamperature  is  not  lower  than  40*^  F., 
R  the  most  efficient  result.  Many  of  the  largest  buildings  in  New  York 
bie  grouted  walls.  The  Mersey  docks  and  warehouses  at  Liverpool, 
■d,  ooe  of  the  greatest  pieces  of  masonry  in  the  world,  were  grouted 
jlboL  There  are  many  engineers  and  others  who  do  not  believe  in 
ic.  '^^'^'""^  that  the  materials  tend  to  .separate  and  form  layers. 

Iritiig  Hei^t  of  Bricks  and  Stone.  If  we  assume  that  the  weight  of 
Wk  is  X30  lb  per  cu  ft,  and  that  it  would  conmience  to  crush  under  700  lb 

jtanaer  in  which  brick  piers  fail  is  excellently  shown  by  illustrations  on  page  79 

fckkboikkr  for  May,  1896. 

tisaian  Ajchitect,  July  ai,  1887,  P«>«e  xi. 
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per  aq  In,  then  a  wall  of  unifotm  thickness  would  have  to  be  840  ft  high 
the  bottom  courses  would  commence  to  crush  from  the  weight  of  the  brie 
above.  Average  sandstones,  at  145  lb  per  cu  ft,  would  require  a  column  $ 
high  to  crush  the  bottom  stones,  and  an  average  granite,  at  165  lb  per 
would  require  a  column  10  470  ft  high.  The  Merchants'  shot-tower  at 
more  is  246  ft  high,  and  its  base  sustains  a  pressure  of  6H  tons  per  sq  ft,  tl 
being  long  tons  of  2  240  lb.  The  base  of  the  granite  pier  of  Saltash  Brid 
Brunei),  of  solid  masonry  to  the  height  of  96  ft,  and  supporting  the  ends 
iron  spans  of  455  ft  each,  sustains  9^^  tons  per  sq  ft. 

Stone  Piers.  Piers  of  good  strong  building  stone  laid  in  courses  t 
cross-sectbns  of  the  piers,  with  the  top  and  bottom  oounes  bedded  tn 
even,  may  be  built  to  support  very  heavy  loads.  The  height  of  such 
however,  should  not  exceed  ten  times  the  least  lateral  dimension,  and  « 
exceeds  eight  times  the  tliickness,  the  load  should  be  reduced.  The 
should  not  exceed  H  in  in  thickness  and  should  be  spread  with  i  :  2  Pa 
cement  mortar,  kept  back  i  in  from  the  face  of  the  pier  to  prevent  spal 
the  edges.  A  test  of  the  strength  of  a  limestone  pier  12  in  square  is  de 
under  Marbles  and  Limestones,  in  this  chapter.  Rubble-work  should 
used  for  piers  whose  height  exceeds  five  times  the  least  dimension,  or  in 
the  latter  is  less  than  20  in. 

Records  of  Tests  on  the  Crushing  Resistance  of  Bricks.  Tal 
gives  the  results  of  some  tests  on  bricks,  made  under  the  direction  of  Mr.  ] 
in  behalf  of  the  Massachusetts  Charitable  Mechanics'  Association. 


Table  m.    intimate  and  Craddng  Strengths  of  Bricks 


Kind  of  brick 


Philadelphia  face-bricks. 
Philadelphia  face-bricks . 
Philadelphia  face-bricks . 
Average 


Cambridge  bricks  (Eastern), 
Cambridge  bricks  (Eastern) 
Cambridge  bricks  (Eastern) 
Cambridge  bricks  (Eastern) 
Average 


Boston  Terra- 0>tta  Co.'s  bricks. 

Boston  Terra- Cotta  Co.'s  bricks. 

Boston  Terra- Cotta  Co.'s  bricks. 

Average 


New  England  pressed  bricks . 
New  England  pressed  bricks . 
New  England  pressed  bricks. 
New  England  pressed  bricks , 
Average 


Size  of  test- 
specimen 


Whole  bricks 
Whole  bricks 
Whole  bricks 


Half-bricks 
Whole  bricks 
Half-bricks 
Half-bricks 


Half-bricks 
Whole  bricks 
Whole  bricks 


Half-bricks 
Half-bricks 
Half-bricks 
Half-bricks 


Area  of 
face. 


sq  m 


33.7 
32.2 

3403 


10.89 
25.77 
12.67 
13.43 


IX.  46 
25.60 
28.88 


13.95 
13.2 

13  30 
13. 45 


Cx>m- 
menced 
to  crack 

under 

lb  per 
sq  in 


43Q3 

3400 

2879 
3537 

3670 
7760 

3393 
3  797 
4655 

II  518 

8593 
3530 
7880 

3862 
8180 
2480 
4535 
4764 
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It 

a 


< 
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t 
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n 
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bvedoiens  were  tested  In  the  government  testing-machine  at  Watertown* 
i,  fad  peat  care  was  ezerdaed  to  make  the  tests  as  perfect  as  possible. 
IriKaU  plates  between  which  the  bricks  are  crushed  are  fixed  in  one  posi* 
[k  a  neccsBary  that  each  specimen  tested  should  have  perfectly  parallel 
i  Tbe  bricks  which  were  tested  were  rubbed  on  a  revolving  bed  until  the 
'mi  bottom  faces  were  perfectly  true  and  parallel.  The  preparation  of  the 
bhtlB  vay  required  a  great  doJ  of  time  and  expense;  and  it  was  ao  difficult 
^■e  some  of  the  harder  bricks  that  they  had  to  be  broken  and  only  one-half 
Nbrick  prepared  at  a  time. 

b  Pbfladelpfaia  briclcs  used  in  these  tests  were  obtained  from  a  Boston 
Kiad  were  fair  samples  of  what  is  known  in  Boston  as  Philadelphia  Face- 
la  Tbgr  weie  very  soft  bricks. 

^Camlxidge  bricks  were  the  common  bricks,  such  as  are  made  around 
ha.  They  are  about  the  same  as  the  Eastern  bricks. 
k  Boston  Texra-Cotta  Company's  bricks  were  manufactured  of  a  rather 
j^.and  were  such  as  are  often  used  for  face-bricks. 
bKcv  Fjigfami  {Messed  bricks  were  hydraulic-pressed  bricks,  and  were 
Its  hard  as  iron. 

km  tests  made  on  the  same  machine  by  the  United  States  Government  in 
\  the  average  strength  of  three  (M.  W.  Sands)  Cambridge,  Mass.,  face- 
KWB  13  925  lb,  and  of  his  common  bricks,  18  337  lb  per  sq  in,  one  brick 
bpQf  the  enormous  strength  of  2  2  351  lb  per  sq  in.  This  was  a  very  hard- 
■i  brick.  Three  bricks  of  the  Bay  State  (Mass.)  manufacture  showed  an 
^  tfrength  of  II  400  lb  per  sq  in.  The  New  England  bricks  are  among 
iudest  and  strongest  in  the  country,  those  in  many  parts  of  the  West  not 
Koae-focuth  the  strength  given  above;  so  that  in  heavy  buildings,  where 
bagth  of  the  bricks  to  be  used  is  not  known  by  ^tual  tests,  it  is  advisable 
ac  die  bricks  tested.  Ira  O.  Baker  reported  some  tests  on  Illinois  bricks, 
i  m  the  100  ooo-pound  testing-machine  at  the  University  of  Illinois  in 
Bd  1S89,  which  give  for  the  crushing  strength  of  soft  bricks,  674  lb  per  sq  in, 
b  average  of  three  face-bricks,  3  070  lb  per  sq  in,  and  for  ifour  paving- 
ik  9  775  lb  per  sq  in.  In  neariy  all  makes  of  bricks  it  will  be  found  that  the 
nks  are  not  as  strong  as  the  common  bricks. 

in  of  the  Strength  of  Brick  Piers  Uid  with  Varioua  Mortars.* 
f  leits  were  made  for  the  purpose  of  testing  the  strength  of  brick  piers 
1^  «ith  different  cement  mortars,  as  compared  with  those  laid  up  with 
Hy  mortar.  The  bricks  used  in  the  piers  were  procured  at  M.  W.  Sands's 
tad,  Cambridge,  Mass.,  and  were  good  ordinary  bricks.  They  were  from 
pBe  lot  as  the  samples  of  common  bricks  described  above.    The  piers 

tly  12  in  in  cross-section,  and  nine  courses,  or  about  22^^  in  high,  except- 
:  fiat,  which  was  but  eight  courses  high.  They  were  built  Nov.  29,  1881, 
fof  the  storehouses  at  the  United  States  Arsenal  in  Watertown,  Mass.  In 
la  have  the  two  ends  of  the  piers  perfectly  parallel  surfaces,  a  coat  of  pure 
■i  cement,  about  H  in  thick,  was  put  on  the  top  of  each  pier  and  the  foot 
Mai  in  the  same  cement.  On  March  3,  1882,  three  months  and  five 
Uer,  the  tops  of  the  piers  were  dressed  to  plane  surfaces  at  right-angles 
of  the  piers.  On  attempting  to  dress  the  lower  ends  of  the  piers, 
grant  peeled  off,  and  it  was  necessary  to  remove  it  entirely  and  put 
of  cement  similar  to  that  on  the  tops  of  the  piers.  This  was  allowed 
for  ooe  month  and  sixteen  days,  when  the  piers  were  tested.  At  that 
pefs  were  four  months  and  twenty-six  days  old.  As  the  pien  were 
aid  weather,  the  bricks  were  not  wet.    Tb^  were  built  by  a  skilled 

•  Made  onder  the  diraction  of  F.  £.  Kidder. 
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bricklayer  and  the  mortars  were  mixed  under  his  superintendence.  Th 
were  made  with  the  government  testing-nvachine  at  the  Arsenal.  The  : 
ing  table  is  arranged  so  as  to  show  the  result  of  these  tests,  and  to  a£ford  i 
means  of  comparison  of  the  strength  of  brickwork  with  different  mortars 
piers  generally  failed  by  cracking  longitudinally,  and  some  of  the  brici 
crushed.  The  Portland  cement  used  in  these  tests  was  made  by  Brooki 
bridge  &  Company,  of  England.  Roman  cement  is  a  European  natural  < 
usually,  although  not  always,  containing  a  low  percentage  of  magna 
sets  rapidly,  has  about  one-third  the  strength  of  true  Portland  cement 
much  weakened  by  the  addition  of  sand. 


Table  IV.    Tests  of  Piers  of  Common  Bricks  Laid  in  Different  Moi 


Piers  8  by  X2  in  in  section,  built  of  common 

bricks. 


Lime  mortar 

Lime  mortar,  3  parts;  Portland  cement,  x 
part 

Lime  mortar,  3  parts;  Newark  and  Rosen- 
dale  cements,  x  part 

Lime  mortar,  3  parts;  Roman  cement,  i 
part 

Portland  cement,  x  part;  sand,  2  parts — 

Newark  and  Rosendale  cements,  x  part; 
sand.  3  parts 

Roman  cement,  i  part;  sand,  2  parts 


Ultimate 

strength 

of  pier. 


lb 


ISO  000 

390000 

345000 

195000 
340000 

305000 

X85000 


Pressure 
persq  in 

under 

which  pier 

commenced 

to  crack, 

lb 


833 

1875 
1354 

1  041 
X  303 

708 

1770 


Ull 
itn 


lb; 


As  the  actual  strength  of  brick  piers  b  a  very  important  consider 
building-construction,  some  tests,  made  by  the  United  States  Govern 
Watertown,  Mass.,  and  contained  in  the  report  of  the  tests  made  on  the 
ment  testing-machine  for  the  year  1884,  are  given  as  being  of  muc 
Three  kinds  of  bricks  were  represented  in  the  construction  of  the  pi 
mortars  of  different  composition,  ranging  in  strength  from  lime  mortal 
Portland-cement  mortar.  The  piers  ranged  in  cross-section  dimensit 
8  by  8  to  16  by  16  in,  and  in  height  from  x6  in  to  10  ft.  They  were  ' 
the  age  of  from  18  to  34  months. 

Table  V  gives  the  results  obtained  and  memoranda  regarding  the 
character  of  the  piers. 

Table  VI  gives  the  results  obtained  from  tests  of  the  strength  of  bi 
made  at  the  McGill  University,  Montreal,  laboratories,  in  March,  1897 

Recent  Tests  of  Brick  Piers.*  Elaborate  tests  of  brick  piera^  with 
results, t  were  made  in  X908  by  A.  N.  Talbot  ai>d  D.  A.  Abrama  at 
venity  of  Illinois  Experiment  Station.  Table  Vll  is  a  summary  of  thes 
The  tests  were  made  on  sixteen  brick  piers,  the  lengths  of  which  vai 

*  See,  also,  results  of  important  tfesto  made  in  19x4  and  19x5  at  Ccdunibia  I 
New  York,  by  J.  S.  Macgregor. 
t  Bulletin  37,  University  of  Illinois  Engineering  Experiment  Station,  Sept.  a 
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tlL  Terta  ti  Brick  Pten,  McGffl  Univei»Hy  lAboratories,  ICaich.  1897 


Compositioii  of 
mortar 


I 

^  Lx  in.  11.6 
kliih;  iotnts 
jla  thick 

K&ita,  11.6 
i^  jotnts 
la  thick 

i)K^  jotnta 
kkthkk 

kt4ia.ia75 

phch;  jainU 

•Jiick 


Kind  of  bricks 


P 


I  Canadian  Port- 
]and<einent 
n»rtar.38and 

z  German  Port- 
land-cement 
mortar,  3  sand 

t  Banish   Port- 
land-cement 
mortar,  3  sand 

z  Belgian  Port- 
lanor^ement 
mortar.  3  sand 


Ordinary  well- 
bumed  flat 
bricks 

Ordinary  well- 
burned  flat 
bricks 

La  Prairie  jiressed 
bricks,    keyed 
on  one  side 

La  Prairie  pressed 
bricks,  keyed 
on  one  side 


Crushing 

strength, 

lb  per  sq  in 


At 
first 
crack 


82a 


990 


I  130 


X  204 


Max- 
imum 
load 


1234 
z  230 

X534 
1985 


Age 


3  weeks 
3  weeks 
3  weeks 
3  weeks 


Vn.    Teat* 


r 


of  Brick  Piers,  Made  at  the  UniYeraity  of  niinois 
The  amounts  given  are  average  values 


"1 


of  piers 


Average 
unit 
knd 

lb  per 
sqin 


Ratio  of 

strength 

of  pier 

to 
strength 
of  brick 


Ratio  of 
strength 

of  pier 

to 
strength 

of  first 
of  series 


Crushing 
strength 
of  6-in 
mortar- 
cubes 

lb  per 
sq  in 


Ratio  of 
strength 
of  pier 
to 
strength 
of  cubes 


Shale  building  bricks 


IW,x:3  Portland-    } 
teat  mortar,  67  daya  ) 

fkal  z:3    Pdrtlaiid- 
■ea  mortar.  6  montha. 
thid.  z:3    Portland- 


1^  bMkd.  68  days 

fr  kid.  X  :  3  Pbrtland- 
BBCt  aortar.  67  days.. . 
I  Ud,  1 : 5    Portland- 
toct  aortar.  65  days. . . 
I  kad,    X  :  3    natural- 

E mortar.  67  daya... 
X :  2  lime  mortar, 
(M 


3363 


39SO 


0.31 


0.37 


2800 

0.26 

2990 

0.27 

3  2as 

0.21 

X7S0 

o.z6 

X450 

0.14 

{Stand- ) 
V.i\ 

Z.18 


0.83 
0.87 
o.€6 
0.52 
0.43 


2870* 


2870* 


I  710 


3Q5 


1. 17 


X.05 


1.30 


5. 75 


Underbumed  clay  bricks 


I  kid.  X  :3   Portland- 
taotar,  63  days.. . 


X  060 


o  27 


0.31 


2870* 


0.37 


:  valoe  baaed  00  thirteen  testa  of  X  :3Pwtland-ccBcatiDortar«<ubcs.6odaBn 
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10  to  loM  ft.  The  later&I  dimensions  were  12  }4  by  i3>^  in.  Two  | 
of  bricks  were  used,  an  excellent  class  of  building  bricks  and  a  soft  grade  se 
as  representative  of  inferior  bricks.  Different  qualities  of  mortar  and  dii 
grades  of  workmanship  were  employed.  Compression-tests  of  single 
gave  these  average  results.  For  hard,  shale  building  bricks,  bedded  in  c 
crushing  strength,  flatwise,  10  700  lb  per  sq  in;  modulus  of  rupture,  edf 
6-in  span,  i  670  lb  per  sq  in.  For  soft  or  underbumed  day  bricks,  cr 
strength,  flatwise,  3  900  lb  per  sq  in;  modulus  of  rupture,  480  lb  per 
The  Macgregor  tests  showed  that  maximum  strength  with  minimum  e: 
for  brickwork  is  obtained  with  mortar  made  of  }4  cu  ft  of  Portland  o 
y^  cu  ft  of  hydrated  lime  and  3  cu  f t  of  sand,  or  a  i :  i :  6  mixture. 

Tensional  Strength  of  Brickwork.    See  Chapter  U,  page  179. 

t.  Strength  of  Terra-Cotta  and  Terra-Cotta  Piers 

General  Properties  of  Terra-Cotta.  The  lightness  of  terra-cotta,  cox 
with  its  great  compressive  strength,  together  with  its  relatively  high  res 
to  the  effects  of  heat  and  fire,  renders  it  an  especially  valuable  building  rrtj 
Terra-cotta  for  building  purposes,  whether  plain  or  ornamental,  is  ge 
made  of  hollow  blocks  formed  with  webs  to  give  extra  strength  und  k( 
work  true  while  drying.  This  is  necessary  because  good,  well-burned, 
cotta  cannot  safely  be  made  more  than  about  i  H  in  thick,  whereas,  w 
quired  to  bond  with  brickwork,  it  must  be  at  least  4  in  thick.  When  thi 
cotta  work  does  not  project  beyond  the  face  of  the  wall  these  hollovtr  spa 
generally  filled  with  concrete  or  brickwork.  For  additional  data  rega-rd 
fire-resisting  properties  and  strength  of  ornamental  and  structural  tern 
see  Chapter  XXIII,  pages  814,  815,  and  816. 

Crushing  Strength  of  Terra-Cotta  Blocks.  Some  exhaustive  expe 
made  by  the  Royal  Institute  of  British  Architects  give  the  following  re 
the  crushing  strengths  of  terra-cotta  blocks: 

Cruabin 
pel- 

Solid  block  of  terra-cotta 5  23 

Hollow  block  of  terra-cotta,  unfilled 1 86 

Hollow  block  of  terra-cotta,  lightly  made  and  unfilled 80 

Tests  of  terra-cotta  manufactured  by  a  New  York  Company,  -wbi 
made  at  the  Stevens  Institute  of  Technology  in  April,  t888  gave  tlw 


CrushinR  weight      Crushit 
per  cu  in  per 

Terra<otta  block,  2-in  square,  red 6  840  lb     or      4.92  ■ 

Terra<otta  block,  2-in  square,  buff 6  236  lb     or       44.9 

Terra-cotta  block,  2-in  square,  gray 5  126  lb     or       369 

In  tests  for  the  New  York  Building  Department,  made  at  Columbia  Tin 
dense  terra-cotta  blocks  developed  a  net  crushing  strength  of  4  7  2 1  lb  ] 
or  340  tons  per  sq  ft,  and  semiporous,  2  168  lb  per  sq  in  or  156  tons  i 
these  results  being  in  each  case  the  averages  of  a  series  of  tests.      CSee  pi 

From  these  results,  the  writer  would  place  the  safe  working  streng^tH 
cotta  blocks  in  the  wall  at  5  tons  per  sq  ft  when  unfilled,  and  10  tons 
nhen  filled  solid  with  brickwork  or  concrete. 


Strength  of  Tena-CotU  and  Terra-Cotta  Pien 
Tana-Cotta  Piera. 
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Tests  *  of  ttrra-colti  block  inen  were  mads 
e  (Juiiury,  190T,  and  January,  1908)  Uut  the  brick  pien 
m  Table  Vll  were  made,  Tbe  tats  were  nude  on  teira-calU  pien, 
(rf  which  varied  Irom  g  ftgin  lo  ii  It  ;?i  in.  The  lateral  diDieoaiom 
a  8(1  by  GW  in  to  it;i  by  17^1  in.  "The  piers  were  built  and  tested 
n  interval  ol  sbout  one  you  separatinE  the  limea  of  makini  the 
I  Tte  two  lots  oi  piers  were  built  of  blocks  which  came  in  diflcrent  ibip- 
•L   The  cement  used  waa  the  same  brand  in  bath  ycaii,  although  the  Lota 


lnkVUL    ' 


■  <<  Tana-Catta  Ffan,  Mada  a 


t.  eiccept  lot  the  con 


p«tai«k>olpie» 

1 

kad 

win 

StrtDRlh 

o(  block, 
groM 

of  first 
oderics 

cubfi 

Mpiet 

hbri.  l:]    Porttand-l 

ncamatar.oDCmtri-] 

4J0O* 

3305 

30SO 
33S0 

0.«3* 

0,65 
0.64 

0,6s 

0.69 

3090 
301s 

ic6 

0.8S 

^aid.   l;j     PoctUnd- 

Wt  liid.  1 4  3  PortUnd- 

mSj  taidnl   ' 

tatjiiid.  i-lPonland- 
tnotmtai.  eccentri- 

-Brk-drf 

tl  kH).  1:3    Portland- 

k  W   .  1  5     Portlatid- 

nu,  kwlnj",    inferior 
MnHlbkickat 

■  :>   l-octland-conent 

t  Bbcli  of  good  quality,  but 

aiHoent.     The  terra-cotta  block  jners  were  generally  made  In  sets  of  two, 

Bwa»  constiticird  and  loaded  limiliriy.  Three  of  the  piers  were  laid  up 
fpoorfy  laid);  the  lemaindet  were  built  with  the  usual  care  given  to 
k.  The  load  was  spplied  to  the  piera  in  different  ways,  although  geft- 
ied  conliououaly  to  failure."  Some  jneis  wei«  loaded  eccentrically 
ind  ooe  was  loaded  both  concentrically  and  eccentrically,  but  the 
icccotric  load  was  not  tuSdent  to  cause  failure. 
Etia  No.  ly.Doivenily  ol  Iffinos  EngliHUing  Eipetimcnt  Statioe,  Sept  iM 
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Comiwrison  of  Results  of  Tests  of  Brick  and  Terra-Cotta  Pl< 

the  tests  summarized  in  Tables  VII  and  VIII,  "both  the  brick  piers  an 
terra-cotta  block  piers  gave  high  strengths  in  all  cases  where  strong  morta 
care  in  building  were  used.  The  effect  of  the  strength  of  the  mortar  ^nras  a 
ent  in  the  carrying  capacity  developed  in  the  piers,  smaller  loads  beins 
cated  for  piers  built  with  i  :  5  Portland<ement  mortar  than  for  those  witl 
Portland-cement  mortar,  and  still  smaller  loads  for  those  with  z  :  a  lime  m< 
The  effect  of  the  quality  of  the  bricks  is  shown  in  the  piers  made  witli  in 
bricks,  these  piers  carrying  only  31%  as  much  as  piers  built  with  tlie  1 
grade  of  bricks.  In  the  case  of  the  terra-cotta  piers,  the  blocks  ^whlch 
culled  out  as  somewhat  inferior  gave  a  pier-strength  which  was  perhaps 
less  than  the  piers  built  with  superior  blocks.  The  effect  of  the  at  tern 
represent  hurried  or  careless  workmanship  in  two  brick  piers  and  in  three  1 
cotta  block  piers  was  a  loss  in  strength  of  about  15%  and  35%  respective 

"In  the  well-built  brick  piers,  concentrically  loaded,  the  ratio  of  streoc 
pier  to  compressive  strength  of  individual  brick  ranged  from  31  to  37% 
in  the  underbumed  clay-brick  pier  the  ratio  was  27%.  In  the  terra- 
block  piers,  concentrically  loaded,  the  ratio  of  strength  of  pier  to  that  of  inc 
ual  block  was  74%  (an  incompleted  test)  and  83,  85  and  89%  for  the  ot 
The  higher  ratio  found  for  the  terra-cotta  block  piers  than  for  brick  pic^n 
gests  that  the  ability  of  individual  pieces  to  resist  transverse  forces  is  ai 
ment  in  the  strength  of  the  completed  pier;  and  this  suggestion  may  ha' 
important  bearing  on  the  advantageous  size  of  the  component  blocks  1 
may  be  used  in  a  compression-piece  where  great  strength  is  required. 

"  The  strength  of  the  pier  is  greater  than  that  of  the  mortar-cubes  in 
brick  and  terra-cotta  block  piers,  except  the  soft-brick  piers,  which  had  I 
of  low  compressive  strength.  Both  the  strength  of  the  individual  brid 
blocks  and  the  strength  of  the  mortar  affect  the  resistance  of  the  pier,  an 
relative  effect  of  the  two  depends  upon  the  character  of  the  materials, 
evident,  however,  that  the  better  the  individual  piece  the  more  importanl 
to  have  a  mortar  of  high  resisting  strength. 

"The  results  obtained  in  applying  the  loads  eccentrically  were  found  to 
very  well  with  those  obtained  from  ordinary  analysis. 

"The  quality  of  workmanship  in  laying  up  such  columns  has  an  impo 
bearing  upon  the  resbting  strength.  The  work  of  building  piers,  hovv-ev 
not  difficult  and  requires  only  ordinary  care.  Full  joints  and  an  even  be 
are  important,  and  the  ordinary  workman  ought  to  be  able  to  construct 
of  great  strength.  In  the  tests  made  on  piers  intended  to  represent  po 
careless  workmanship,  the  decrease  in  strength  was  not  as  much  as  antici|] 
However,  it  must  be  understood  that  careful  and  trustworthy  work  is  esai 
and  that  a  few  poor  joints  will  materially  reduce  the  strength  of  the  stnx 
Wherever  good  material  and  good  workmanship  are  insured  the  streng 
masonry  of  this  kind  may  be  utilized  with  advantage.  '* 

Strength  of  Terra-Cottm  Brackets  or  Consoles.  A  cornice-mod 
made  by  the  Northwestern  Terra-Cotta  Company,  iiH  in  high  at  the  wall 
8  in  wide  on  the  face,  and  with  a  projection  of  2  ft,  was  built  into  a  wall  ani 
upper  surface  loaded  with  2  tons  of  pig  iron  without  any  effect  upon  the  modi 
Another  bracket,  5H  in  high,  6  in  wide  and  with  a  X4-in  projection,  ma< 
the  East,  broke  at  the  wall-line  under  2  650  lb,  while  a  duplicate  of  it  sustj 
2  400  lb  for  one  month  without  breaking.* 

The  Weight  of  Terra-Cotta.  The  weight  of  terraHX>tta  in  solid  \Am 
X20  or  122  lb  per  cu  ft.    When  made  in  hollow  blocks  iH  in  thick  the  « 

*  See  The  Brickbuilder,  Vol.  7,  page  142. 
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b  ^K»  65  to  8s  lb  per  cu  ft,  the  smaller  pieces  weighing  the  most.  For 
|i  li  by  18  in  or  laiger  on  the  face,  70  lb  per  cu  ft  will  probably  be  a  fair 
pfe.  The  tables  in  the  manufacturers'  catalogues  give  the  various  bearing* 
p^vd^ts  per  square  foot»  thjcknesses  of  parts,  sizes  of  blocks,  etc.,  for  por- 
md  seaipocous  blocks  for  all  purposes. 

8.   Cmshing  Strength  of  Building  Stones 

(i)  Sandstones 

mgaadow,  Mass.,  Stone.*    Reddish-brown  sandstone,  two  blocks  about 

f  4  in  IB  cross-section  and  8  in  in  height. 

k±  No.  X  commenced  to  crack  at  10  333  lb  per  sq  in,  and  flew  from  the 

Kk  in  fragments  at  13  596  lb  per  sq  in. 

bckXd  2  commenced  to  crack  at  3  012  lb  per  sq  in  and  failed  completely 

[121  8)  per  sq  in. 

mbumt  from  Norcross  Brothers'  Quarries,   East  Longmeadow,   Mass., 

iSnUNDy  Stone.*    Block  No.  i,  4  by  4  by  8  in  high,  commenced  to  crack 

^Tp  !b  and  failed  at  8  812  lb  per  sq  in. 

^  No.  2,  4  by  4  by  8  in  high,  commenced  to  crack  at  6  500  lb  and  failed 

bp  fb  per  sq  in. 

■dSaubbury  Stone.*    Block  No.  i,  4  by  4  by  8  in  high  (about),  commenced 

fed  at  12  716  lb  and  failed  at  13  520  lb  per  sq  in. 

kk  Now  2,  same  size  as  No.  i,  commenced  to  crack  at  13  953  lb  and  failed 

l<90  R>  per  sq  in. 

mt  Sloac*    Block  No.  i,  6  by  6  by  6  in,  commenced  to  crack  at  12  590  lb 

Wkdat  12  619  lb  per  sq  in. 

^  No.  2,  same  size  as  No.  z,  commenced  to  crack  at  12  185  lb  and  failed 

l8;4tbpersqin. 

eva  Stooe  from  the  Shaler  &  Hall  Quarry  Company,  Portland,  Conn.f 

■stdts  of  the  tests  are  as  follows: 


Table  IZ.    Cmsbinc  Strength  of  Brown  Sandstone 


Sectional 
area 

First 
crack 

Ultimate 
strength 

Classification 

i^ 

1      Compreased. 
surface 

1 

in 

sq  in 

lb 

lb  per 

sq  in 

rP 

2.S0 

a. 45 

6.13 

84800 

13980 

I8t  quality 

5b 

2-4« 

2.47 

6.13 

81  700 

13330 

ist  quality 

300 

2-95 

8.85 

123  200 

13920 

2d  quality 

m 

*      2.9« 

2.97 

8.85 

122000 

IS  020 

3d  quality 

•9 

'       2SS 

2. S3 

6.45 

63850 

9900 

Bridge 

^ 

1  2.48 

i 

2. 52 

6.25 

58340 

9330 

Bridge 

■n  Stone  from  the  Middlesex  Quarry 
bcGbcal  bkxks,  about  iH  in  square. 
k  Ko.  X,  10  928  lb;  No.  2,  10  332  lb; 

with  the  United 


Company,  Portland,  Conn.^  Four 
Pressure  p)er  square  inch  at  time  of 
No.  3,  8  252  lb  and  No.  4,  6  322  lb. 

States  testing-machines  at  Watertown 


». by  Colt's  Patent  Fire-arms  Manufacturing  Company. 

tests  wcfe  made  with  the  United  States  testing-machines  at  Watertown 
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Red  SftDdstone  *  from  Greenlee  &  Son's  QumrrieB  at  Manttou,  Col. 
specimen  failed  at  ii  ooo  lb  per  sq  in;  weight,  140  lb  per  cu  ft. 

Light>Red  Laminated  Sandstone,!  from  St.  Vrain  CaAon,  Col.,  a  very 
stone,  excellent  for  walks  and  foundations.  Crushing  strength  on  bed,  i 
lb  per  sq  in;  weight,  150  lb  per  cu  ft. 

Gray  Sandstone  t  (free-working)  from  Trinidad,  Col.  Crushing  stn 
10  000  lb  per  sq  in;  weight,  145  lb  per  cu  ft. 

Gray  Sandstone  t  from  Fort  CollinSi  Col.  (laminated  and  similar  in  q 
to  the  St.  Vrain  stone).  Crushing  strength  on  bed,  x  i  700  lb  per  sq  in;  w 
140  lb  per  cu  ft.    One  ton  of  this  stone  measures  just  a  perch  in  the  wall. 

(a)  Granite 

Red  Granite  t  from  Platte  Cafion,  Col.  Crushing  strength  per  square 
14  600  lb;  weight  per  cubic  foot,  164  lb. 

(3)  Lava  Stones 

Lava  Stone  from  the  Kerr  Quarries,  near  Salida,  Col.  Four  cubical  bl 
The  results  of  the  tests  are  as  follows: 

Table  Z.    Crushing  Strength  of  Lava  Stone 


Dimensions 

Sectional 
area 

sqin 

First 
crack 

lb 

Ultimate  streng 

Height 
in 

Compressed 
surface 

in 

lb 

Ibi 
sq 

4.00 
4.00 
2.00 
1.99 

4.00 
4.00 
2.00 
I  99 

4.00 
4.00 
1.99 
1.99 

16.00 

16.00 

3.98 

3.96 

165900 

174  100 

36400 

3S200 

165000 

174  100 

37100 

38200 

10 

10 

9 

9 

Lava  Stone,t  Curry's  Quarry,  Douglas  County,  Col.  Crushing  str 
10  675  lb  per  sq  in;  weight,  119  lb  per  cu  ft.  Experience  has  shown  thi 
stone  is  not  suitable  for  piers,  or  where  any  great  strength  is  required 
cracks  v  ery  easily. 

(4)  Marble  and  Limestone 

White  marble  quarried  at  Sutherland  Falls,  Vt.  Two  cubical  blocks 
6  in  squaie.§ 

Block  No.  I  conunenced  to  crack  at  9  750  lb  per  sq  in  and  failed  suddi 
zx  250  lb  per  sq  in. 

Block  No.  2  did  not  crack  until  it  suddenly  gave  way  at  10  243  lb  pes 

Test  of  a  Limestone  Pier.    A  pier  of  Lemont  limestone,  i  sq  f t  in  cross-« 
and  9  ft  in  height,  composed  of  seven  stones  with  bearing  surfaces  plane 
fectly  true  and  parallel  to  the  natural  bed  and  the  joints  washed  with 
grout  of  the  best  English  Portland  cement,  was  tested  at  the  Watertown  Ji 
for  William  Sooy  Smith,  and  only  commenced  to  crack  when  the  full 
of  the  machine,  400  tons,  was  exerted. 

*  These  tests  were  made  with  the  United  States  testing-nuu:hines  at  Wal 
Arsenal,  Mass. 

t  From  testa  made  for  the  Board  of  Capitol  Managers  of  Coknado  by  State  E 
E.  S.  Nettleton,  in  1885,  on  a-in  cubes. 

X  From  tests  made  by  the  Denver  Society  of  Civil  Engineers,  in  18&4,  ^hn 
cubes. 

S  Tested  at  the  United  States  Axsenal,  Watertown,  Man. 
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'  (5)  Bricks  and  Various  Sto&es 

Pi  XI  gives  the  crushing  strength  of  various  kinds  of  bricks  and  building 
tke  pRSsnre  being  normal  to  the  plane  of  the  bed. 

Table  ZI.     Crushing  Strength  of  Bricks  and  Stone* 
Pressure  at  right-angles  to  bed 


Kind  of  brick  or  stone 


Cananan,  Massachusetts 

Qnncs.  St.  Louis,  Mo 

tsBcaaa.  Washington,  D.  C. 
hmsi,  Illisots 


isE.  Pax  Island.  Me. 

Cb?.  Vnsal  Haven.  Me 

t««aiT,R.L 

Roiport  and  Quincy.  Mass. 

. Conn 

kland.  N.  Y 

St.  Ckmd.  Minn 

Col 

feed.  PUtte  Cafion.  Col 


Palls,  N.  Y, 

N^^IH^ 

Ifcfixd,lnd 

^s:.Ind 

h&  Tbg.  Minh.. 
MKater,  Minn.. 


N.B.  (facown) 

't  Paot.  N.  B.  (fine  grain,  davk  brown) . . . 

brown  stone.t  (on  bed) 

InBgneadoy,  Mass.  (reddish  brown) 

iesfcttadow,  Mass.  (average,  for  good  quality) 

tittle  PaRs,  N.  Y 

faSa,  N.  Y 

Ma3i.N.Y.(red).]!. 

*"«faad.Ohio 

Boith  Amherst.  Ohio 

ba.  Ohk» 

mnntsstawn.  Pa 

lad  da  Lac.  Minn 

M  da  Lac.  Wis 

.Col.  (light  red) 

Vanr.  CcA.  (hard  laminated) 


iii&ad.Vt. 

^1  IB  ■in. I  /  Cow,  Pa. . 
jfac.CaL 


River.  N.  Y. 


Crushing 

strength, 

lb  per  sq  in 

10  000 

6417 

7370 

6  000  to  13  000 

14875 

13  000  to  x8  000 

15000 

I7  7SO 

32600 

22350 

28000 

13  000 

14600 

JX475 

12  775 

6  000  to  10  000 

8625 

23000 

10750 

9  ISO 

7700 

7  000  to  13  000 

7  000  to  14  000 

12000 

9850 

17000 

x8  000  to  42  000 

6800 

621a 

8  000  to  10  000 

12  810 

8750 

6237 

6  000  to  II  000 

"505 

93900 

10746 

10  000 

17783 

12  156 

13425 


QfHC  complete  tables  of  the  strength,  weight  and  composition  of  building  stones, 
riiu.  tables,  etc.  by  Professor  Thoqnas  Nolan  in  Kidder's  Buikling  Constructioa 
lence.  Part  I.  Mssons'  Work, 
should  not  be  set  on  edge. 
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(6)  Additional  Data  on  tho  Strenctfa  of  Buildinc  Stones 

ATorage  Data  for  Building  Stones  of  Good  Quality.  The  foUowins  a 
relative  values*  are  given  by  R.  P.  Miller-f  Sandstone:  weight,  150 
cu  ft;  specific  gravity,  2^0;  crushing  strength,  8  000  lb  per  sq  in;  si 
strength,  i  500  lb  per  sq  in;  modulus  of  rupture,  x  200  lb  per  sq  in;  m 
of  elasticity,  3000000  lb  per  sq  in.  Granite:  weight,  170;  specific  s 
3.72;  crushing  strength,  15  000;  shearing  strength,  2  000;  modulus  of  n 
1500;  modulus  of  elasticity,  7000000.  Lucestone:  weight,  170;  i 
gravity,  2.72;  crushing  strength,  6000;  shearing  strength,  1000;  modi 
rupture,  i  200;  modulus  of  elasticity,  7000000.  Marble:  wd^ht,  17c 
cific  gravity,  2.72;  crushing  strength,  xoooo;  shearing  strength,  i  400; 
ulus  of  rupture,  i  400;  modulus  of  elasticity,  8000000.  Slate:  ^veisrb 
specific  gravity,  2.80;  crushing  strength,  15  000;  modulus  of  rupture, 
modulus  of  elasticity,  14  000  000.  Trap-Rock:  weight,  185;  specific  g 
2.96;  crushing  strength,  20  000. 

The  following  average  relative  values  are  given  by  A.  I.  Frye.t^  Tfc 
the  results  of  tests  made  on  small  cubes  of  the  materials.  Sandstone: 
ing  strength,  9000  lb  per  sq  in;  Granite  and  Gneiss:  crushing  stj 
17  733  lb  per  sq  in.  Limestones  and  Marbles:  crushing  strength,  14 
per  sq  in.  Slate:  crushing  strength,  10  000;  ultimate  tensiooal  at] 
3  000;  modulus  of  rupture,  5  000  lb  per  sq  in. 

When  stones  are  not  tested,  Frye  recommends  the  following  average 
for  ultimate  strengths  to  be  used  in  determining  the  safe  stresses.  Samdi 
crushing  strength,  s  000;  ultimate  tensional  strength,  150;  modulus  of  n 
I  200  lb  per  sq  in.  Granite  and  Gneiss:  crushing  strength,  12  000; 
ulus  of  rupture,  i  600  lb  per  sq  in.  Limestones  and  Marbles:  ci 
strength,  8  000;  ultimate  tensional  strength,  800;  modulus  of  rup>ture,  x 
per  sq  in. 

The  following  working  unit  stresses  in  pounds  per  square  inch  for  ston 
or  single  blocks  of  stone  are  recommendfH  by  W.  J.  Dou^as3.§  Sand 
compression,  700;  tension  (direct  and  flexural),  75;  shear,*  150.  Gi 
Syenite  and  Gneiss:  compression  for  hard,  i  500;  for  medium,  i  2c 
soft,  I  000;  tension  (direct  and  flexural),  150;  shear,  200.  Libtsstoke: 
pression  for  hard,  i  000;  for  medium,  800;  for  soft,  700;  tension  C<iire 
flexural),  125;  shear,  150.  Marble:  compression  for  hard,  900;  for  sal 
tension  (direct  and  flexural),  125;  shear,  150.  Bluestone  Flagging:  go 
sion,  I  500;   tension  (direct  and  flexural),  200. 


4.  CompressiTe  Strength  of  Mortars  and  Concretes 

The  Compressiye  Strength  of  Lime  Mortar.  The  crushing  strec 
common  lime  mortar,  six  months  old  and  composed  of  i  part  lin&e  to  i 
sand  by  measure,  varies  from  150  to  300  lb  per  sq  in  or  from  10.8  to  3x 
per  sq  ft.  Lime  mortar  alone  should  never  be  used  where  any  'but  mc 
loads  are  to  bear  upon  the  work,  nor  where  the  full  loading  b  to  be 
the  mortar  has  had  time  to  harden. 

*  The  values  in  all  cases  are  as  follows:  weight,  in  lb  per  cu  ft;  streostb.  am 
mixture  and  modulus  of  elasticity,  in  lb  per  sq  in. 

t  American  Civil  Engineers'  Pocket  Book  (191 2),  page  357. 

X  Civil  Eogineers'  Pocket-Book  (19x3),  page  5x1. 

I  American  Civil  Engineers'  Pocket  Book  (19x2),  page  575. 
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li  CmimniTo  Strength  of  Katnral-Cemeitt  Mortar.    The  crushing 
^*  ot  natural-cement  mortar,  neat,  averaged,  for  7  days,  2010;   for 

t%2&^;  for  3  months*  3  646;  and  for  6  months,  5  052  ib  per  sq  in.  When 
wsh  3  parts  of  standard  quartz  sand,  the  mortar  averaged  in  crushing 
1^  ior  7  days*  940;  for  28  days>  i  390;  for  3  months,  i  730;  and  for 
|idB^  X  01 2  lb  per  sq  in.  For  2  years,  an  additional  increase  of  18%  and 
ptg  be  a«nniifd  for  the  neat  and  sanded  mortars,  respectively,  of  natural 

pCoaff«8siTe  Strength  of  Porttand-Cemont  Mortar.  The  crushing 
ph*  of  Portland-cement  mortar,  neat,  averaged,  for  7  days,  5915;  for 
^  7041;  for  3  months,  7  347;  and  for  6  months,  9  760  lb  pier  sq  in. 
I  EDsed  vith  3  parts  of  standard  quartz  sand,  the  mortar  averaged,  in 
Nn  stxeogth,  for  7  da3rs,  941;  for  28  days,  i  290;  for  3  months,  i  490; 
hr  i  flMMiths,  I  539  lb  per  sq  in.  When  mixed  with  3  parts  of  Ottawa  sand, 
^■tir  averaged,  in  enishing  strength,  for  7  days,  i  199;  for  28  days,  i  796; 
I  isaolhs,  1  887;  and  for  6  months,  2  i8z  lb  per  sq  in.  For  2  years,  an 
Ifaaal  inoease  of  about  16%  and  18%  may  be  assumed  for  the  neat  and 
^  mortals,  respectively,  of  Portland  cement. 

twaa  of  Compressive  to  Tensile  Strength  of  Mortars.  While  it 
lie  stated  as  a  very  general  guide  that  the  compressive  strength  of  by* 
K<aBmt  mortars  is  from  six  to  ten  times  the  tensile  strength,  these  ratios 
and  caanot  be  used  as  a  reliable  basis  for  calculations.  The  tensile 
of  Pbrtland-ccment  mortars,  under  normal  conditions,  increases 
daring  the  first  few  days,  the  rate  of  change  gradually  falling  o£E.  In 
the  teesic  strength  is  generally  from  one-half  to  two-thirds  of  the  ulti- 
which  is  iMactically  reached  in  2  or  3  months.  The  compressive 
bDwe\'cr,  continues  to  increase  with  age  and  the  rate  of  increase  varies 
to  a  somewhat  different  law. 

^  CaapressiTe  Strength  of  Concrete.     There  are  many  reasons  for 
^ff«wvtf?«f  in  the  values  of  the  compressive  strength  of  concrete  and  the 

K  factors  are  (i)  the  quality  of  the  cement,  (2)  the  size  and  character 
gregates,  (3)  the  quantity  of  the  cement  to  a  unit  volume  of  the  con- 
L  U)  the  marmer  of  mixing,  (s)  the  density  of  the  mixture,  (6)  the  condi- 
laader  which  it  seasons,  and  (7)  its  age;  and  of  these  various  conditions 

tthe  detennination  of  the  compressive  strength  the  most  important 
klly  the  proportions  of  the  dffierent  ingredients  of  the  mixture  and  its 
'  Akhoogh  tables  of  average  values  of  ultimate  crushing  strengths  of  con- 
fse  published  and  are  of  general  value,  they  may  be  misleading  unless 
(ieBed  with  cautiocu  In  important  operations  it  is  advisable  to  have  the 
Kte  tested  and  to  adjust  by  trial  the  character  and  proportions  of  the  in- 
jbb  Qotii  the  required  strength  is  obtained. 

of  Specimen  for  Compression-Tests.     For  compression-tests  of 
In  general,  4  to  12-in  cubes  of  the  mixture  have  been  the  standard 
rf  te^-^wdmens;  but  since  the  advent  of  reinforced-concrete  construc- 
the  growth  of  the  importance  of  determining  the  elastic  properties  of 
it  has  been  found  that  a  cylindrical  test-specimen  gives  more  definite 
than  a  cube.     A  common  shape  of  such  cylinder  is  one  in  which  the 
ii  about  three  times  the  diameter,  and  the  cylinders  are  not  less  than 
IB.    It  is  found  that  the  compressive  strengths  of  these  cylinders  of 
from  10  to  15%  less  than  those  of  the  cubes,  but  for  cylinders  of 


I  made  by  W.  P.  Taylor  on  cylindrical  specimens  x  in  in  height, 
tHia  ia  i!'*-*^*^  and  i  sq  in  in  cross-aectioa. 
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•tin  greater  slenderneM  the  compreaaive  strengths  remain  about  ooosti 
heights  up  to  about  seven  diameters. 

Compression-Tests  on  Concrete  Cubes.  From  some  tests  msule  i 
for  the  Boston  Elevated  Railway  Company  at  the  Watertown  Arsenal,  o 
cubes  of  concrete  made  with  five  brands  of  Portland  cemoit,  coarse, 
sand  and  broken  stone  up  to  2^i-in  size,  having  49.5%  voids,  the  foi 
average  values  of  the  compressive  strengths  were  obtained: 


TaUe  Xn.    Comiiressioii-'Tests 

on  Concrete  Cubes 

Mixtures 

7  days 
lb  per  sq  in 

I  month 

lb  per  sq  in 

smooths 
lb  per  sq  in 

6  months 
lb  per  sq  in 

1:3:4 
1:3:6 

1560 
I  3x0 

3400 
3  t6o 

3900 
aS30 

3SM 
3090 

Compression-Tests  on  Concrete-Cylinders.  For  cylindrical  tes 
mens  of  concrete,  made  under  reasonably  good  conditions  as  to  chars 
materials  and  care  in  mixing,  an  average  compressive  strength  of  abon 
lb  per  sq  in  is  usually  developed  in  a  i  :  3  :  4  Portland-cement  concrete 
I  to  3  months;  and  of  about  i  600  lb  per  sq  in  in  a  x  :  3  :  6  mixture, 
the  conditions  are  unusually  favorable  somewhat  higher  values  than  tli 
obtained,  but  when  the  materials  and  workmanship  are  poor  the  ultima 
pressive  stresses  are  lower. 

Increase  in  Compressive  Strength  of  Portland-Cement  Concrc 

regard  to  the  increase  of  compressive  strength  of  Portland-cement   < 
with  age,  tests  show  that  the  ultimate  compressive  strength  is  nearly  res 
60  days,  at  which  time  the  strength  varies  from  80  to  90%  of  its  value  in 
time. 

Ultimate  Strengths  of  Natural-Cement  Concrete.    For  natural 

concrete,  the  ultimate  compressive,  tensile  and  shearing  strengths  a.nd  tl 
ulus  of  rupture  may  be  taken  at  about  one-half  the  corresponding  vac 
Portland-cement  concrete,  unless  natural  cements  of  known  and  testec 
are  employed. 

Strength  of  Unreinforced  Concrete  Columns.    Short  concrete  c 
of  lengths  up  to  10  or  15  diameters,  develop  a  crushing  strength  of  frd 


Table  Xin.    Compression-Tests  on  Unreinforced  Concrete  Colttm 


Average  ulti- 

Kind of 

Average  age 

mate  compres- 

concrete 

sive  stress 

days 

lb  per  sq  in 

1:1:3 

60 

3600* 

1 :  iH  :  3 

60 

2  370 

1 :3  :4 

60 

1600 

I :  sVi  :  5 

60 

I  200 

1:3:6 

60 

93S 

I  :  3H  :  7 

60 

745 

1:4:8 

60 

6oo- 

*  This  value  was  estimated  as  it  vras  beyond  the  range  of  the 
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||8  tbn  that  for  short  prismatic  or  cylindrical  ^pedmens.  In  TaUe  XIII 
tAensalts  obtained  by  A.  N.  Talbot  *  on  short,  roiind,  unreinforced  stone- 
taite  columns,  12  in  in  diameter  and  10  ft  in  length.  A  wet-mixture  concrete 
laei,  d  the  different  proportions  shown,  the  forms  were  removed  after 

taod  the  a^umns  were  tested  through  60  days. 
aloes  given  in  the  table  were  deduced  from  the  straight-line  formula 
I 

„,  .  .11  .         12000 

ultnnate  oomprassive  strength,  lb  per  sq  m  »  ^ — — -= —  400 

ittfomula 

Sa  *"  the  ratio  of  sand  to  cement 
St "  the  ratio  of  stone  to  cement 

suqile,  in  the  1:3:6  mixture,  Sa  '^  3  and  5t  -  6 

kafaiig  Strength  of  Concrete  Affected  by  Aree  of  Beering  Surface, 
fanr  Hbd  states  f  that  if  a  load  is  applied  over  the  central  part,  only, 
he  betting  surface  of  a  concrete  test-specimen  in  compression,  the  unit  load 
le grater  than  if  it  is  applied  over  the  entire  surface;  and  this  is  due  to  the 
Nbc  tlie  outer  parts  tend  to  assist  the  inner  part  to  resist  the  stress.  This 
ibini  by  tests  made  on  some  of  the  i3-in  concrete  cubes  used  in  the  tests 
kior  the  Boston  Elevated  Railway  Company  and  referred  to  in  the  preced- 
iBignphs.  Thirty-six  of  these  concrete  cubes  were  crushed  by  applying 
md  over  the  entire  upper  bearing-surface  of  144  sq  in  and  an  equal  number 
Ubr  amcrete  cubes  were  then  crushed  by  appl3nng  the  stress  over  a  smallei 
;»  bjr  10  in,  or  100  sq  in.  After  this,  the  cubes  of  a  third  set  were  crushed 
he  sppEcation  of  the  stress  over  the  still  smaller  area,  8  by  8H  in,  or  66 
L  The  tests  of  the  second  set  gave  uni^  crushing  strengths  13%  lugher  than 
fcst,  sod  those  of  the  third  set  unit  crushing  strengths  28%  higher  than 
ksL 

fflAiag  Stress  for  Bearing  on  Concrete.  "When  compression  is  applied 
Ksfke  of  concrete  of  at  least  t^ce  the  loaded  area,  a  stress  of  32.5%  of 
BKpRssive  strength  may  be  allowed,  "t 

Dsfciag  Stress  for  Axial  Compression  on  Concrete.  "For  concentric 
pcttba  on  a  plain  concrete  column  or  pier,  the  length  of  which  does  not 
Bd  12  diameters,  22.5  %  of  the  compressive  strength  may  be  allowed."  * 
'the  strength  of  rdnforced-concrete  columns,  see  Chapter  XXIV,  page  945.) 

inooiBended  Ultimate  Compressive  Strengths  of  Portland-Cement 
bnte.t  Table  XW,  of  ultimate  compressive  strengths  of  concrete  of 
tat  fflixtures  gives  the  values  recommended  by  the  American  Society  for 
kg  Materials,  even  though  occasional  tests  show  higher  results.  The 
B  given  are  recommended  as  the  maximum  ultimate  tmit  compressive 
gths  that  should  be  used  in  design  and  on  which  the  permissible  working 
KtifatMild  be  based  as  a  proper  percentage  of  the  same.  The  report  referred 
also,  that  "in  selecting  the  permissible  working  stresses  to  be  allowed 
we  should  be  guided  by  the  working  stresses  usually  allowed  for 
r  materials  of  construction,  so  that  all  structures  of  the  same  class,  but 
iBBBd  of  difierent  materials,  may  have  approximately  the  same  degree  of 
f"  (F<x  working  stresses  for  concretes,  masonry,  etc^  see  this  chapter, 
1165  to  276.) 

fae  Vmwesstf  of  minois  Bulletin,  No.  20,  1907,  and  Eng^eering  News,  Sept.  26, 

I 

heScB&Kced  Concrete  Construction,  Vol  I.,  page  i8,  by  George  A.  Hool. 

^wt  of  Coraoiittee  on  Concrete  and  Reinforced  Concrete,  of  the  American  Society 

is^  Hateiiab,  Nov.  30, 19x2. 
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Tftbl*  XIV.    Ultinuite  Compresrive  Strengttit  of  Different  Mixtures  ^ 

Portland-Ceinent  Concretes 


Aggregates 


Granite,  trap-rock 

Gravel,  hard  limestone  and 
hard  sandstone 

Soft  limestone  and  sand- 
stone  

Cinders  


z  :  I  :  2 

lb  per 

sq  in 


3300 

3000 

2200 
800 


Mixtures 


I  :  iH  :3 

lb  per 
sq  in 


2800 

2500 

1800 
700 


1:2:4 

Ibper 
sq  in 


2200 

2000 

I  500 
600 


I  :  2>i  :  5 

Ibper 
sq  in 


1800 

1600 

I  200 
500 


I  Z2 

lb 
sq. 


I  , 
I  , 


Effect  of  Consistency  on  the  Crushing  Strength  of  Concrete.  Coi 
that  is  mixed  fairly  dry  and  tamped  until  the  mobture  is  brought  to  the  &v 
develops  a  somewhat  greater  compressive  strength  than  concrete  mixed 
more  water.  From  a  large  number  of  tests  *  average  compressive  streng 
wet,  plastic  and  dry  concretes  were  determined.  The  age  of  the  concret 
I  year  and  8  months,  and  five  brands  of  cements  were  used.  The  mean 
pressive  strengths  were,  for  the  wet  concrete,  2  130;  for  the  plastic, 
and  for  the  dry,  2  350  lb  per  sq  in. 

Id  another  series  of  tests  t  greater  differences  appeared.  At  the  as< 
month  the  mean  compressive  strengths  in  pounds  per  square  inch  ^nrere,  f 
wet  concrete:  granite,  3  155;  gravel,  2  300;  limestone,  4  195.  For  the  m 
concrete:  granite,  4  090;  gravel,  3  545;  limestone,  2  975.  For  the  dauooj 
Crete:  granite,  4  520;  gravel,  4  610;  limestone,  4  365.  At  the  end  of  3  n 
the  values  for  the  granite  aggregates  were,  for  the  wet  concrete,  4  755;  I 
medium,  4  990;  and  for  the  damp,  5  445. 

Effect  of  Size  of  Stone  on  the  Compressive  Strength  of  Concrete 
may  be  stated,  generally,  that  the  use  of  stones  of  a  maximum  size  coxu 
with  convenience  generally  results  in  a  maximum  compressive  strensth 
concrete.    Stones  of  the  larger  sizes  are  generally  more  uniformly  gnudist 
the  smaller  stones,  and  consequently  grade  better  with  the  sand  and  give  | 
strength.  .  From  tests  t  made  by  W.  B.  Fuller,  the  average  compressive  stn 
at  140  days,  of  i  :  9  concrete,  were,  for  maximum  size  of  stone  V^  in*  x 
per  sq  in;  for  i-in  stone,  i  150  lb  per  sq  in;  and  for  2H-in  stone,   x  400 
sq  in. 

ComiMiiison  of  Compressive  Strengths  of  Gravel  and  Stone  Cone 

Concretes  made  with  broken  stone  have,  generally,  a  somewhat  sreato 
pressive  strength  than  those  made  with  gravel.  From  tests  made  by  K.  O 
the  average  compressive  strength  at  30  and  180  days,  of  concrete  mad 
iH-in  maximum-size  broken  stone,  was  20%  greater  than  that  of  concrete 
of  gravel  of  about  the  same  size,  the  percentage  of  voids  being  nearly  the 
40%  voids  for  the  gravel  and  47.4%  voids  for  the  broken  stone.  The  a 
Terence  at  12  months,  however,  was  reduced  to  9%. 

•  Made  for  G.  W.  Rafter.    Sec  "Tests  of  Metals,"  1898. 

t  Made  in  1908.    See  Bulletin  No.  344,  United  States  Geologicai  Survey. 

X  Sec  Trans.  Am.  Soc.  C.  E.,  Vol.  59, 1907. 
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jkct  of  the  Strenctit  of  the  Agsregato  on  the  ComiireasiTe  Strengfh 
Qnatte.  Tbe  compressive  strength  of  trap-rocks,  granites  and  most 
Mcees  is  relatively  so  great  that  it  cannot  reduce  the  strength  of  the  con- 
ftiaeiL  Some  sandstones,  however,  have  a  much  lower  average  compressive 
l[rk,  ud  if  they  are  friable  and  soft  may  lower  relatively  the  final  strength 
ItaecRte.    A  concrete  of  low  strength  results  from  using  cinders  for  the 

Mag  Iftwi  for  Working  Loads  <mi  Masonry.*  As  previously  mentioned 
|t:6s)  the  building  codes  of  most  dties  specify  working  loads  to  be  used  for 
BB7  ifid  as  shown  in  Table  II  (page  267)  these  loads  vary  greatly.  It  is 
pQBt,  therefore,  that  tbe  architect  should  be  acquainted  with  the  municipal 
kl^  vhich  the  construction  of  his  building  is  governed.  As  building  laws 
iRSdatkns  are  constantly  changing  this  infornrntion  should  be  obtained 
Ilk  a)de  itself,  care  being  taken  that  the  latest  edition  and  all  supplements 
iMsiihed.  A  few  requirements,  peculiar  to  the  codes  in  which  th^  are 
liWlbedted. 

kCbicap>  code  (1916)  gives  for  eight  classes  of  brickwork  bearing  values 
iraai  100  lb  per  sq  in  for  conunon  brick  with  good  Kme  mortar  to  350 
s|  ia  for  paving  brick  with  i  to  3  Portland-cement  mortar.  This  code 
between  concrete  mixed  by  hand  and  by  machine,  values  of  from 
|ftti>3so  lb  per  sq  in  being  given  for  hand-mixed  concrete  and  from  300  to 
^per  sq  in  for  the  same  mixtiue  if  mixed  by  machine.  The  values  in  the 
lb  code  are  exceptionally  low,  common  brick  laid  in  lime  mortar  being 
n  bat  3  tons  and  concrete  in  foundations  but  4  tons  per  sq  ft.  The 
brie  code  introduces  values  for  "  Louisville-cement  mortar."  The  practice 
JHitKvahies  of  local  material  is  to  be  commended.  The  Denver  code  gives 
hecf  3  tons  per  sq  ft  on  common  brick  with  coal-dust  in  lime  mortar,  3  tons 
■Bnr  tSe  in  cement  mortar  and  8  tons  for  terra-cotta^  solid,  in  cement. 
&tftk  code  9ves  for  the  allowable  compressive  stress  of  mass  concrete 
M  its  compressive  strength  in  twenty-eight  days.  The  building  code  rec- 
ImU  by  the  National  Board  of  Fire  Underwriters  is  followed  by  a  number 
tin-  TUs  code  includes  in  its  list  of  allowable  compression  values,  1000  lb 
9  a  ior  Portland-cement  grout,  neat,  and  1500  lb  per  sq  in  for  PortUnd- 
pt  gnx^  neat*  not  over  K  in  thick,  between  steel  members  in  foundations. 
VQnl<ement  concrete  values  are  given  of  12s  lb  per  sq  in  for  a  i  :  2:4 
asd  80  lb  per  sq  in  for  a  i  :  2  :  5  mixture.  The  average  ultimate  com- 
stRogth  for  tenra-cotta  blocks  designed  to  be  nornudly  laid  with  the 
and  which  are  tested  with  the  ceOs  in  that  position,  must  not  be 
1300  lb  per  sq  in.  The  allowable  working  stress  on  such  blocks  must 
120  lb  per  sq  in.  The  average  ultimate  compressive  strength  for 
«^U  blocks  designed  to  be  normally  laid  with  the  cells  horizontal,  and 
i  ait  tested  with  the  cells  in  that  position,  must  not  be  less  than  &00  lb 
Ik.  The  allowable  working  stress  on  such  blocks  must  not  exceed  80  Ih 
lia.  Hoflow  building  blocks  may  be  filled  solidly  with  Portland-K^ment 
He  or  oement  mortar  to  increase  the  stability  and  to  aid  in  distributing 
pi  but  the  allowable  working  stress  on  such  blocks  must  not  be  greater 
|kt  permitted  for  unfilled  blocks. 

bind  iiom  valuable  data  from  Robins  Fleming.    See,  also,  pages  265  to  267 
U-  paae  267. 
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CHAPTER  VI 

FORCES  AND  MOMENTS 

By 

MALVERD  A.  HOWE 

PKOrSSSOK  OF  CIVIL  ENGINBBUNG,  &OSE  POLYTECHNIC  INSlliUil 

1.   Composition  and  Resolution  of  Forces 

Composition  and  Resolntion  of  Forcea.  Imagine  a  round  ball  plac 
plane,  frictionless  surface  at  A  (Fig.  1),  the  surface  being  perfectly  level, 

the  ball  has  no  tendency  to  move  until  son 
is  applied  to  it.  If,  now,  the  force,  P,  is 
to  the  ball  in  the  direction  indicated  by  the 
the  ball  will  move  in  that  direction.  If,  iat 
>B  one  force  only,  two  forces,  P  and  Pi,  are  ap| 
the  ball,  it  will  not  move  in  the  direction  o 
of  the  forces,  but  will  move  in  the  direction 
RESULTANT  of  these  forces,  or  in  the  direct 
If  the  magnitudes  of  the  forces  P  and 
indicated  by  the  lengths  of  the  lines,  tha 
5         V  complete  the  parallelogram  ABDC,  the  <j 

Fig.l.  Composition  of  Forces   ^^  represents  the  direction  and  magnitw 

single  force  which  has  the  same  elBfect  on  i 
as  that  resulting  from  the  two  forces  P  and  Pi.    If,  in  addition  to  t 
forces  P  and  i'l,  the  third  force,  Pt,  is  applied,  the  ball  will  move 
direction  of  the  resultant  of  all  three  forces,  and  this  resultant  is  obta 
completing  the  parallelogram  ADEF,  of  which  the  resultant  DA  axul  tl 
force  P\  are  two  adjacent  sides.    The  diagonal  R  of  this  second 
parallelogram  is  the  resultant  of  all  three  forces,  and  the  ball 
will  move  in  the  direction  Ae.    In  the  same  way  the  resultant 
of  any  number  of  forces  may  be  found.    Again,  suppose  a 
ball,  whose  weight  is  indicated  by  the  length  of  the  line  W 
(Fig.  2),  is  suspended  by  two  inclined  cords.    What  are  the 
magnitudes  of  the  pulls  or  stresses  which  are  developed  in  the 
cords  and  which  keep  the  ball  suq)ended  at  the  point  /f? 
This  is  the  converse  of  the  last  case.    Instead  of  finding  the 
diagonal  or  the  resultant,  the  diagonal,  which  is  the  line  Wy  is 
given,  and  the  udes  of  the  parallelogram  are  to  be  found.    To 
find  these  the  lines  representing  the  directions  of  P  and  P\  are 
prolonged  and  from  B  lines  parallel  to  them  are  drawn  to 
complete  the  parallelogram.    Then  CA  is  the  required  mag- 
nitude of  the  stress  in  cord  P,  and  BC  of  that  in  cord  P\.    Thus  one  foi 
have  the  same  efiFect  as  many,  or  many  the  same  effect  as  one. 

Forces  Represented  by  Straight  Lines.  In  considering  the  action  o 
it  is  convenient  to  represent  them  graphically  by  straight  lines  with 
heads,  as  in  Fig.  3.  The  length  of  the  line,  if  drawn  to  a  scale  of  c>ounds 
fents  the  magnitude  of  the  force  in  pounds;  the  position  of  the  line  I 
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\m(3r  AcnoN;  the  arrow-head  indicates  its  sensb  or  the  directioii  in  which 
^  nd  the  point  A  its  point  op  appucation.     Thus  the  magnitude. 

direction  and  point  of  appli- 
cation are  indicated  aod  the 
force   is   completely    repre- 
F  sented. 

ParaOriogram  of  Forces.  _ 

^  Repeated    ^  >''**  *^'«*  ^PPjlS*.  *'  "^   Fig.  J  PandIelo«fain  of 
.SteStST^    Pomt  are  represented  m  mag.  p,,^ 

nitude  and  direction  by  two 

{^  bkcs  indined  to  each  other,  their  resultant  is  the  diagonal  of  the 

EUiOGEAM  formed  on  those  Knes.     Thus,  if  the  lines  AB  and  AC  (Fig.  4) 

^  two  fotves  acting  at  a  point  A,  to  find  the  force  which  will  have  the 

Fdcct  u  the  two  forces,  the  parallelogram 

ta  completed  and  the  diagonal  AD  drawn. 

Vk  represents  the  resultant  of  the  two 

I  When  the  two  given  fcKces  act  at  right- 

^tuh  other,  the  magnitude  of  the  resultant 

y  to  the  square  root  of  the  sum  of  the 

b  of  the  magidtudes  of  the  other  two  forces. 

U|k  of  Forces.    If  three  forces  acting  at 

ht  are  represented  in  magnitude  and  direction 

Bsdes  of  a  TUANGLE  taken  in  order,  they  are 

mxam.    Let  P,  <?  and  R  (Fig.  5)  represent 

favB  acting  at  the  point  0.    If  a  triangle 

fisxwn,  like  that  shown  at  the  right  in  Fig. 

mi  sides  respectively  parallel  to  the  direc- 

rf  the  forces  and  taken  in  the  same  order, 

ROES  are  in  equilibrimn.    If  such  a  triangle  cannot  be  drawn,  the  forces 

i  a  equilibrium. 

I  Polygon  of  Forces.  If  any  number  of  forces  acting  at  a  point  can 
^p«»■»»f^  in  magnitude  and  direction  by  the  sides  of  a  polygon  taken 
Ib;  they  are  in  equilibriiun.    This  follows  directly  from  the  preceding 


Triangle  of  Forces 


s 


\ 


/ 


/ 


2.   Moments  of  Forces 

Xn  considering  the  stability  of  structures  and  the  strength  of 

bh,  we  are  often  obliged  to  take  into  consideration  the  moments  of 
xcting  on  a  structure  or  on  some  part  of  a  structure;  and  a  knowledge 
of  the  general  principles  of  moments  is  essential  to  the 
proper  understanding  of  these  subjects.  When  we  speak  of 
the  MOMENT  op  a  porce,  we  must  have  in  mind  some  fixed 
point  or  line  with  respect  to  which  the  moment  is  taken. 
The  moment  of  a  force  with  reSpcct  to  any  given  point,  or 
CENTER  OP  MOMENTS,  IS  the  product  of  the  magnitude  of 
the  force  and  the  perpendicular  distance  from  the  point  to 
the  LINE  OP  ACTION  of  the  force;  or,  in  other  words,  the  mo- 
ment of  a  force  is  the  product  of  the  magnitude  of  the  force  by 
t*ith  which  it  acts.  Thus  if  we  have  the  force  P  (Fig.  6).  and  wish  to 
e  its  iry^PT^^^  with  respect  to  the  point  P,  we  determine  the  per- 
bfe  ftF«t"«r*'  Pa,  between  the  point  and  the  line  of  action  of  the  force, 
mi^  it  by  the  magnitude  ol  the  force.     For  example,  if  the  magnitude 
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of  the  force  P  is  500  lb  and  the  disUnoe  Pa]&2  in,  the  moment  of  t 
with  respect  to  the  point  P  is  500  lb  x  2  in  -■  i  000  in-lb.* 

Parallel  Forces.    If  any  body  is  in  a  state  of  rest  or  equilibrium  111 
action  of  parallel  forces,  the  sum  of  the  forces  acting  in  one  direction  eq 

sum  of  the  forces  acting  in  the  < 
direction.    Thus  if  we  have   the 
jt,  ♦  forces  P*,  P»,  P*  and  P*  acting  on 

P*  P        |p4      AB  (Fig.  7).  in  a  direction  opposite 

L-B   of  the  forces  Pi,  P%  and  P«,  then,  if 

Pi  is  in  equilibrium,  the  sum  of  the  fo 

i  P*,  P»  and  P*  must  equal  the  sun 

forces  Pi,  P%  and  Pu 

Parallel  Forcea  Oppoaite  in  Chi 

If  any  number  of  parallel  forces^ 
acting  in  the  same  direction,  act  on 

Fig.  7.    Algebraic  Sum  of  Unlike       ^  *^«  ^^^'^^  |"  «l«i«bri«'^..  **>««" 
Parallel  Foices  moments  of  the  foroes  tending  to  1 

body   in  one  direction   about     an; 
point  is  equal  to  the  sum  of  the  moments  of  the  forces  tending  to  tu 
the   opposite  direction.    Let  Fi,  Ft  and  P%  (Fig.  8)  represent  three 
forces  acting  pn  the  rod  AB.    If  the  rod  is  in  equilibrium,  the  sura 
forces  Pi  and  Pi  is  equal  to  Pi.    Also,  if  we 
take  the  end  of  the  rod,  A^  for  the  center  of 
moments,  the  moment  of  P\  is  equal 
of  the  moments  of  Pt  and  P<  about 
because  the  moment  of  Pi  measures 


le  center  of                          ▲ 
to  the  sum                          |Fs 
tfaat  point,  V ^^^ 

s  the  tend-  /^  ^  y 


ency  to  turn  the  rod  clockwise,  and  the  sum        < * *  - 

of  the  moments  of  Pi  and  Pt  measure  the  tend- 
ency to  turn  the  rod  contra-clockwise,  and 
there  is  no  more  tendency  to  turn  the  rod  one 
way  than  the  other.    For  example,  let  the  mag-  | 

nitude  of  forces  Pi,  Ft  each  be  represented  by  5  k 

force-units,  the  distance  Aa  hy  2  length-units  Fig.  8.  Algebraic  Sum 
and  the  distance  i4^  by  4  length-units.  The  ments  of  Unlike  Faral 
magnitude  of  the  force  Pi  must  equal  the  sum 

of  the  magnitudes  of  the  forces  Pi  and  Pi,  or  10  force-units,  and  its 
with  respect  to  any  point  in  the  plane  of  the  forces  must  equal  t 
of  the  moments  of  Pi  and  P%  with  respect  to  the  same  point.  If  we  U 
the  center  of  moments,  the  moment  of  P«  -  s  x  2  -  10,  and  of  Fi  —  5  > 
Their  sum  equals  30;  hence  the  moment  of  Pi  must  be  30.  Dividing 
ment  30  by  the  force  Pi  *-  10  force-units,  we  have  for  the  arm,  3  length-i 
the  force  Pi  must  act  at  a  distance  of  3  units  from  A  to  keep  the  rod  ir 
num.  If  we  take  h  as  the  center  of  moments,  the  force  Pi  has  no  mo 
the  length  of  its  lever-arm  is  zero;  and,  for  equilibrium,  the  moment  of 
b  must  equal  the  moment  of  P%  about  the  same  point;  or,  as  in  this 
magnitudes  of  the  forces  Pi  and  Pg  are  equal,  they  must  both  be  app&i 
same  distance  from  b,  showing  that  h  must  be  half-way  between  a  and  . 
demonstrated  before. 

Three  Parallel  Forces,    the  principle  of  the  lever.    This  prl 
based  upon  the  two  preceding  propositions  and  is  of  great  importaaoe 

•  The  expressions  pound-feet  and  POUND-mcRCS  are  often  given  to  thea 
tjo  distinguish  them  from  poot-pocnds  and  incr-pottnds,  by  which 
we  mieasured. 
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is.  n  a  body  is  in  equifibrium  under  the  action  of  three  panJId  foroet 
|B  tke  same  plane,  each  force  is  proportional  to  the  normal  distance  be^ 
i^  other  two.    Thus»  if,  as  in  Figs.  9, 10  and  11,  three  forces»  Pi,  Pt  and 
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Pi 
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^  9.    Principle  of  the  Lever 


Fig.  10.    Principle  of  the  Lever 


tt  «athe  rod  i4B,  in  order  that  it  may  be  in  equilibrium,  the  following 
las  Bust  obtain  between  the  magnitudes  of  the  forces  and  the  distances 
pB  tkdr  points  of  application; 

CB'AB'AC 

I  Pi :  Pi :  Pi ::  CB :  AB :  AC 

'\'m  tltt  cue  of  the  coimoN  levek  and  shows  the  method  of  determining 
|M%kt  a  given  lever  will  raise.  The  proportion  is  also  true  for  any  ar- 
■at  of  the  forces  (as  shown  in  Figs.  0,  10  and  11),  provided,  of  course, 
Ros  are  lettered  in  the  order  shown  in  the 


A 


P, 


J. 

B 


tcBmple,  let  the  distance  AC  be  6  in  and  the 
n  CB  ht  12  in.  If  a  weight  of  500  lb  b 
ri  It  the  point  B,  bow  much  win  it  raise  at 
pB  ead  toad  what  support  will  be  required  at 

MO)? 

Hfog  the  rule  just  given,  we  have  the  pro- 

h'Fiv.ACiCB    or    500:^1:16:12 

iA"iooo  lb;   or  500  lb  applied  at  B  will    Fig.  11.  Principle  of  the  Lever 
IBO  lb  resting  on  or  suspended  at  A .     The 

|6«  force  at    C   must,    by   the   principles  of    parallel   forces   in 
be  equal  to  the  sum  of  the  forces  P\  and  Ph  or  z  500  lb  in 


Pi 


S.   Cantaf  of  Gravity 

Pdnciples.    The  lines  of  action  of  the  force  of  gravity  a>nveige 

bife  center  of  the  earth;  but  the  distance  of  the  center  of  the  earth  from 

Iks  vhicb  we  have  occasion  to  consider,  compared  with  the  size  of  those 

ai  a>  great,  that  we  may  consider  the  lines  of  action  of  the  forces  as 

Tile  number  of  the  forces  of  gravity  acting  upon  a  body  may  be  con- 

s equal  to  the  number  of  particles  composing  the  body.     The  center  of 

of  a  body  may  be  defined  as  the  point  through  which  the  resultant  of 

rces  of  gravity,  acting  upon  the  body,  passes  for  every  postion 

«&y.    If  a  body  is  supported  at  its  center  of  gravity  and  turned  about 
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diat  point,  it  will  remain  in  equilibrium  in  all  positions.  The  resultant 
parallel  foroes  of  gravity  acting  upon  a  body  is  obviously  equal  to  the  ^ 
or  TBS  body;  and  if  a  force,  equal  in  magnitude  to  the  resultant,  is  a 
acting  in  a  line  passing  through  the  center  of  gravity  of  the  body,  an 
direction  opposite  to  that  of  the  resultant,  the  body  will  be  in  equilibriu 

Center  of  Gravity  of  a  Straight  Line.  The  word  une  here  m 
material  line  whose  transverse  section  is  very  small,  such  as  a  very  fin 
The  center  of  gravity  of  a  straight  line  or  rod  of  uniform  aze  and  mat 
at  its  middle  point.    This  proposition  is  too  evident  to  require  demons! 

The  Center  of  Gravity  of  the  Perimeter  of  a  Triangle  is  at  the 

of  the  drde  inscribed  in  the  triangle  formed  by  the  lines  joining  the 

points  of  the  sides  of  the  given  triangle, 
let  ABC  (Fig.  12)  be  the  given  triangle.  ' 
the  center  of  gra\nty  of  its  perimeter,  fi 
middle  points,  D,  E  and  f  ,  and  connect  ti 
straight  lines.  The  center  of  the  circle  in 
in  the  triangle  formed  by  these  lines  wtti 
center  of  gravity  sought. 

f  ^~^        Center  of  Gravity  of  Symmetrical 

Fig.  12.     Center  of  Gravity  of    The  center  of  gravity  of  a  line  which  : 
Perimeter  of  Triangle  metrical  with  reference  to  a  point    is   i 

point.  Thus  the  center  of  gravity  of  1 
cumference  of  a  circle  or  of  an  ellipse  is  at  the  geometrical  center  of  the 
The  center  of  gravity  of  the  perimeter  of  an  equilateral  triangle,  < 
reguliar  polygon,  is  at  the  center  of  the  inscribed  circle.  The  center  of  gr 
the  perimeter  of  a  square,  rectangle,  or  parallelogram  is  at  the  interse 
the  diagonals  of  those  figures. 

Center  of  Gravity  of  a  Surface.  A  sukface  here  means  a  very  th 
or  shell.  If  a  surface  can  be  divided  by  a  line  into  two  symmetrical  hal 
center  of  gravity  will  be  on  that  line;  if  it  can  thus  be  divided  by  two  Ij 
center  of  gravity  will  be  at  their  intersection. 

Center  of  Gravity  of  Regular  Figures.  The  center  of  gravity  of] 
face  of  a  circle  or  an  ellipse  is  at  the  geometrical  center  of  the  figuH 
equilateral  triangle  or  regular  polygon,  at  the  center  of  the  inscribed  d 
a  parallelogram,  at  the  intersection  of  the  diagonals;  of  the  surface  of  J 
or  of  an  ellipsoid  of  revolution,  at  the  geometrical  center  of  the  body] 
the  convex  suriace  of  a  right  cylinder,  at  the  middle  point  of  the  aj| 
<^linder. 

Center  of  Gravity  of  Irregular  Figures.    Any  figure  bounded 
lines  may  be  divided  into  rectangles  and  triangles,  and,  the  center 
of  each  part  being  found,  the  center  of  gravity  of  the  whole  figure  may 
mined  by  treating  the  centers  of  gravity  of  the  separate  parts  as  part: 
weights  are  txoportlonal  to  the  areas  of  the  parts  they  represent.      (See 

Center  of  Gravity  of  Triangles.  To  find  the  center  of  gravi 
angle,  draw  a  line  from  each  of  two  angles  to  the  middle  of  the  op 
The  intersection  of  the  two  lines  is  the  center  of  gravity. 

Center  of  Gravity  of  Quadrilaterals.    To  find  the  center  of  gra 

quadrilateral,  draw  the  diagonals,  and  from  that  end  of  each  diagon 
farthest  from  the  intersection,  lay  oflf,  toward  the  intersection,  th 
its  shorter  segment.    The  two  points  thus  formed,  together  with 
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Center    ol     Gimvity 
Quadrilateral 


fcmiuy.  win  form  a  triaogle  whose  center  of  gravity  it  that  oi  the  quad* 
■bbL  Thti^i  let  Fig.  13  be  a  quadri- 
b  vfaose  center  of  gravity  is  to  be 
k  Draw  the  diagonals  AD  and  BC, 
iim  il  lay  off  AP~  DE,  and  from  B 
}d  BH  -  CE.  From  E  draw  a  line  to 
IMidk  of  FH,  and  from  ^  a  line  to  the 
Ifr  of  EH.  The  point  of  intersection 
mat  two  lines  is  the  center  of  gravity 
tie  qaadrilateral.  This  is  a  method 
used  for  finding  the  centers  of 
of  the  vousaoirs  of  an  arch. 

of  Centers  of  Otmntj.    Let  a 
Eae  drawn  from  the  vertex  of  a  figure 
Ik  middle  point  of  the  base,  and  D  the  distance  from  the  vertex  to  the  center 
^ity  of  the  figure.     Then  (Fig.  14): 

h  a  isosceles  triangle D^^^a 

,  ...  #   .    1      «       chord' 

>  11 1  segment  of  a  circle,  vertex  at  center  of  circle    D 

r  12  X  area 

2  X  chord 

i  h  a  scctcH'  of  a  drcle,  vertex  at  center  of  circle    D-*  Rx 

aR    3xarc 
h  a  semicircle,  vertex  at  center  of  circle D"  —  -  0.4244  R 

i  h  a  qaadiant  of  a  circle Z>  »  %  /? 

I  k  a  aonieilipse,  vertex  at  center  of  circle D  "  0.4344  a 

\  h  a  parabola,  vertex  at  intersection  of  axis 

vidi  curve D»%.a 

:  h  a  one  or  pyramid D'm^a    . 


Becment  of  Clrde  Sector  of  CfrcW 

Hs.  14.    Center  of  Gravity  of  Titiaagle,  Segment  and  Sector 


friBtom  of 

Prw 


) 


cone  or  pyramid,  let  A  «  the  height  of  the  complete  cone  or 
pyramid,  kt  -  the  height  of  the  frustum,  and  let 
the  vertex  be  at  the  apex  of  the  complete  cone 
or  pyramid;  thcnj 


€) 


4(A»-Ai») 


W 

of  Gravity  of 


Canter  of  Gravity  of  Two  Heavy  Partidefl. 

Let  P  be  the  weight  of  a  particle  at  A  (Fig.  15), 
and  W  that  of  a  particle  at  C.  The  center  o| 
gravity  is  at  some  point,  B,  on  the  line  joining  A 
point  B  must  be  so  situated  that  if  the  two  particles  were  held 
a  stiff  wire  and  supported  at  ^  by  a  force  equal  in  magnitude  to 
P  and  W  they  would  be  in  equilibrium.    The  problem  then  14 
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•ohred  by  the  pftiMCiPtE  of  the  lbvek,  and  we  have  the  proportion 
Three  Parallel  Forces.    The  Principle  of  the  Lever), 

F+W:  P.:  AC:  BC 
PxAC 


or 


BC" 


P+W 


Fig.  16.     Center  of  Gravity 


H  IF  -  P,  then  BC  -  XB,  or  the  center  of  gravity  will  be  half-way  bctwec 
two  particles.  This  problem  is  of  great  importance  and  has  many  pm 
applications. 

Crater  of  Gravity  of  SeToral  Heavy  Partidee.    Let  Wh  W9,  Wt 
and  W§  (Fig.  16)  be  the  weights  of  the  particles.    Join  IFi  and  IFt  by  a  sb 

line  and  find  their  center  of  gravity  A,  hs  h 
preceding  problem.  Join  A  with  W$  and  fin 
center  of  gravity  B,  which  will  be  the  cent 
gravity  of  the  three  weights  Wu  Wt,  W%.  Pr 
in  the  same  way  with  each  weight.  The  last  < 
of  gravity  found  will  be  the  center  of  gravity 
the  partides.  In  both  of  these  cases  the  lines  j( 
the  partides  are  supposed  to  be  horizontal  Un 
else  the  horizontal  projections  of  the  stml^t 
which  join  the  points. 

_  Center  of   Gravity    of    Compouad    Sec 

oTseveral  Heavy  Particl^    Found  by  Momenta.    To  determine  the  Mr 

of  a  beam  having  an  unssrmmetrical  croes-aecti 
is  first  necessary  to  determine  the  distance  of  the  center  of  gravity  of  this  • 
from  the  upper  or  lower  surface  of  the  beam.  Various  other  oomputa 
also,  involve  finding  the  center  of  gravity  of  an  irregular  figure,  so  Um 
problem  is  one  of  practical  importance.  If  the  figure  of  which  the  cen 
gravity  is  to  be  found  can  be  divided  into  parts  which  are  themselves  r 
figures,  the  readiest  and  simplest  method  of  finding  the  distance  of  the  • 
of  gravity  from  one  edge  of  the  section  is  by 
means  of  momentb.  To  explain  this  method 
assume  a  T-shaped  section  of  uniform  thick- 
ness, hinged  on  a  wire  XX^  as  in  Fig.  17. 
The  T  section  is  made  up  of  two  rectangles, 
one  forming  tlie  flange,  the  other  the  web. 
The  center  of  gravity  of  each  rectangle  is  at 
its  own  center  of  figure  and  may  be  readily 
found.  If  the  T  section  is  placed  horizoik- 
taUy,  as  in  the  figure,  the  axis  XX  being 
fixed,  it  will  immediately,  by  the  force  of 
gravity,  revolve  about  the  axis  until  it  be- 
comes vertical,  and  the  sum  of  the  moments  Fig.  17.  Center  of 
of  the  forces  causing  the  revolution  is  Compound  Sections  by  Ma 
il' Xrf'  +  w4"  Xrf",    A'    representing    the 

weight  of  the  web  and  A"  the  wdght  of  the  flange.  To  hold  the  T  < 
in  a  horizontal  position,  there  must  be  a  moment  of  some  force  acting 
opposite,  or  upward,  vertical  direction  and  just  equal  to  the  sum 
two  moments  causing  revolution  downwacds.  If  the  force  A,  of  this  m 
tending  to  cause  revolution  upward,  U  equal  to  the  weight  of  the  entire 
lion,  it  must  be  applied  at  the  center  of  gravity  of  the  entire  figure  to  na 
MOBcnt  just  equal  to  the  sum  of  the  moments  of  the  two  dowawarct' 
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CBOoat  ci  AisAxd,  therefore  d  is  the  distance  from  the  end  of  the  web, 
tk  axis  XX,  to  the  center  of  gravity  of  the  entire  figure.    Therefore, 
kAxi'A'Xd'-^A-'Xd", 


d-m 


A'Xd'  +  A"xd'' 


(i) 


baeid^  of  any  homogeneous  material  of  uniform  thickness  is  proportional 
kiRt.  A,  A'  and  A"  may  be  used  to  represent  areas  as  well  as  weights. 
iBEagfonnula  (i)  as  a  rule,  we  have: 

d  Gra^ty  of  Compound  Figures.    The  distance  of  the  center  of 
of  a  campound  figure  from  any  Une  of  reference  is  equal  to  the  sum  of 
obtained  by  multiplying  the  area  of  each  of  the  simple  parts  into 
ik  oompound  figure  is  divided  by  the  distances  of  its  center  of  gravity 
from  the  line  of  reference, 
dixdded  by  the  area  of  the 
entire  figure.    This  rule  ap- 
plies to  any  oompound  figure. 

Rxample  L  Assume  that 
the  T  section  shown  in  Fig. 
17  has  the  dimensions  in- 
dicated. Then  A'  equals  6, 
A"  equals  8,  andi4  equals  14 


i  CeaterofGrav- 
\d  Teeis  Angla, 


Mi^'kndJ'eauaisTMdi'''    Fig.  1».     Center  of  Gmv- 
gqin,  anaa  equaisa  ana  a  ^       ^^  ^  liwgular  I  Sec- 


tion 


equab  6^  in.    The  sum  of 

the  products  of  il'  by  d'  and 
^i'  b  18  +  53  or  70  sq  in  X  in,  and  this  divided  by  14  sq  in,  the  area 
todn  figure,  gives  5  in  for  the  distance  d.  The  distance  d  of  the  center 
MtT  fiDm  the  top  of  the  webs,  in  each  of  the  figures  shown  in  Fig.  20, 
^19  tbe  following  fotmula: 


area  of  the  web  or  webs  x  d'/2  +  area  of  flange  x  d" 
area  of  the  web  or  webs+  area  of  flange 


(2) 


isctjoo  fike  that  shown  in  Fig.  18,  in  which  A',  A**  and  A"'  represent  the 
t«f  tlK  reqxctive  rectangles,  the  distance  d  of  the  center  of  gravity  from 
9  oqr  be  found  by  the  formula 


A'xd'-^A"xd"+A"'xd 


nt 


A'  +  A"  +  A 


in 


l3) 


femie  n.    To  show  the  application  of  the  rule  for  'finding  the  center  of 
^of  oDCDpound  figures,  take  the  one  shown  in  Fig.  19.    The  distance  d 


^a 


yjLfuu 


Fig.  20.     Center  of  Gravity  of  Irregular  Figures 

of  gravity  of  the  entire  figure  from  the  vertex  0  is  found  as  follows: 

<^  the  triangle  is  36  sq  in  and  of  the  semicircle  56.5  sq  in.     From  the 

[irfCeoteis  of  Gravity  (page  293)  the  distance  of  the  center  of  gravity  of 

tnaogle  from  the  vertex  is  two-thirds  its  height,  which  gives  4  in  as 
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the  value  for  i*.    The  center  of  gravity  for  a  semicircle  is  0^244  R  f 
base,  so  that  d"  equals  8.54  in.    Then, 


d* 


36x4+56-5x8.54 
36  +  56.5 


-  6.77  in 


This  method  of  finding  the  center  of  gravity  is  similar  to  that  expb 
Chapter  DC  for  finding  the  supporting  forces  or  reactions.  In  the  latt 
however,  the  problem  is  to  find  the  balancing  forces  instead  of  the  lever-i 

Additional  Methods  of  Determining  Graphically  the  Center  of  ( 
of  Irregular  Plane  Fignres.*  The  center  of  gravity  may  be  obtained 
ically  by  means  of  the  force-polygon  and  the  EOtnLiBStUM-POLYGOi 
figure  or  section  considered,  Fig.  21,  is  divided  into  parts  whose    cei 


Fig.  21.    Center  of  Gravity  Determined 
Graphically. 


Kg.  22.    Center  of  Gravity   Dc 
Graphically.    Second  ^ 


gravity  can  be  located  and  aieas  calculated.  The  forc&-polygon  (6)  and 
rium-polygon  (c)  are  drawn.  The  figure  (a)  is  divided  into  rectangles 
angles,  A^  B,  C  and  D,  and  vertical  lines  are  drawn  through  their  ce 
gravity.  In  (6)  the  vertical  lines  a,  6,  c  and  d  are  respectively  propon 
length  to  the  areas  i4,  £,  C  and  D.  The  pole,  0,  is  located  by  the  intersi 
lines  drawn  at  angles  of  45°  from  the  extremities  of  the  line  abed,  1 
I,  2,  3,4  and  5  are  drawn  from  o,  as  shown,  and  the  corresponding  para 
drawn  in  (c).  (See  Figs.  3  and  5,  pages  299  and  300;  Figs.  12  to  1 
314  to  320;  and  page  345-)  The  vertical  line  through  K,  produced  i 
b  a  GRAVITY-AXIS  and  its  intersection  C  with  the  horizontal  gravity-axj 
the  center  of  gravity  of  the  figure.  If  the  figure  is  not  ^ymmetrta 
XX  a  second  gravity-axis  may  be  found  by  turning  the  figure  through 
repeating  the  construction.  The  intersection  of  the  two  gravity-axes  ^ 
center  of  gravity  of  the  figure.  Another  method  is  shown  in  Fig.  2 
the  centers  of  gravity  of  two  areas  A  and  B  be  at  the  points  Ca  and  C* 
ively.  From  Ca  the  line  dJ)  is  drawn  in  any  direction,  and  its  length  n 
on  some  given  scale  the  area  A .  From  Cb  the  Une  C^E  is  drawn 
and  its  length  on  the  same  scale  represents  the  area  B.  The  ini 
line  joining  D  and  E  with  CaCb  is  at  the  center  of  gravity  of  the 
For  three  areas  A,  B  and  C,  the  construction  can  be  repeated  by 
and  B  as  a  single  area;  and  so  on  for  any  number  of  areas. 


*  Condensed  from  data  by  Robins  Fleming. 
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CHAPTER  Vn 

STABIUTT  OF  PUSS  AND  BUTTRESSES  * 

By 
GRENVILLE  TEMPLE  SNELLING 

LATK   MOtBKM.    OT    AMEUCAN    INSTTTUTE   Or    AKCHTTECrS 


Fig.  1. 


bibc 

Pier  with  Thrust 


llnicd  Principles.  A  pier  or  buttress  may  be  considered  stable  when 
ps  acting  upon  it  do  not  cause  it  to  rotate  or  tip  over  nor  cause  any 
wdtasoory  to  slide  on  its  bed;  some  parts,  however,  of  the  masonry  may 
Imed.  Vthen  a  pier  sustains  a  vertical  load  only,  it  might  be  con- 
ri  sciBLE,  but  it  might  not  have  sufficient  strength.  It  is  only  when  the 
iBBves  a  THRUST,  as  f  EtxA  a  rafter  or  an  arch,  that  its  stability  must  be  con- 
$L  la  order  that  there  may  be  no  rotaUon, 
^BXT  or  THE  THRUST  (Chapter  VI)  against 
^  iboot  any  point  in  its  outside  edge  must 

etbe  MOMENT  OF  THE  WEIGHT  of  the 
the  same  point, 
ilortiatc  kt  us  consider  the  pier  shown  in 
|.  Let  IB  suppose  that  this  pier  receives  the 
If  1  rafter  which  exerts  a  thrust  T  in  the 
■a  AB.  The  tendency  of  this  thrust  is  to 
^  pier  to  rotate  about  the  outer  edge  In, 
ht  loicENT  OT  THE  THRUST  about  thls  point, 
\  is  the  measure  of  this  tendency  to  rotate, 
t^h,  9%  being  the  lever-arm  of  the  moment. 

■LUIC  EQUILIBRIUM,  Only,  the  MOMENT  OF 

jbccT  o[  the  pier  about  the  same  edge  must  just  equal  Tx  a%.    The 
force  rcpwescnting  the  weight  of  the  pier  acts  vertically  through  its 
parity  which  in  this  case  is  equidistant  from  its  sides;  and  its  lever- 

hf,  or  one-half  its  thickness. 
ix  equilibrium  of  moments,  we  must  have  the  equation 

i  TXa'bfWxbic 

\h  Has  ooodition  the  least  additional  thrust,  or  the  crushing  of  the  outer 

iifl  cause  the  pier  to  rotate;  hence,  for  safety,  we  must  use  some  factor 

inr.    This  is  sometimes  done  by  making  the  moment  of  the  weight  equal 

I  of  the  thrust  when  referred  to  a  point  in  the  bottom  of  the  pier,  a  cer- 

btaace  in  from  the  outer  edge.    This  distance  for  piers  or  buttresses  should 

[less  than  one-fourth  the  thickness  of  the  pier. 

^Tnting  this  point  in  the  Ggure  by  b,  we  have  the  necessary  equation  for 

m  Aability  of  the  pier 

,  TXab'WXf/i 

t width  of  the  pier. 
ot  from  this  equation  determine  the  dimensions  of  a  pier  to  resist  a 
Pmt,  because  we  have  the  distance  ab,  /  and  W,  all  unknown  quantities. 
Ne  BBst  first  assume  a  tentative  size  for  the  pier,  find  the  length  of  the 
ffimd  see  if  the  moment  of  the  weight  of  the  pier  is  equal  to  the  mo- 

ttRE  thrust.     If  it  b  not  we  must  assume  another  size  for  the  pier, 
of  fact  the  steps  of  the  problem  usually  present  themselves  in  tht 

*  Sec.  also,  Chapter  XXXI,  Section  2,  VaulU. 
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invene  order,  the  pier  or  buttress  being  given  and  the  determlnatk 
stability  being  required.  The  size  ol  the  pier  or  buttress  is  usually  fii 
mined  rather  from  the  architectural  exigencies  of  the  design  than  1 
engineering  requirements  for  the  stability  of  the  structure.  II  upon  ii 
tion  these  are  not  in  accord,  it  is  the  duty  of  the  designers  to  use  their  i 
in  seeing  that  both  conditions  are  fufilUed. 

The  Stability  of  Plert  and  Buttretses.    When  it  is  desired  to  d 

If  a  given  pier  or  buttress  is  capable  of  resisting  a  given  thrust,  the  pird 

_   be  solved  graphically  in  the  following  manx 

*^    ABCD  (Fig.  2)  represent  a  pier  which  sustains 

thrust  T  at  B.    To  determme  whether  the  pier  w 

sustain  thb  thrust,  we  proceed  as  follows: 

Draw  the  indefinite  line  BX  in  the  diredio 

thrust.    Through  the  center  of  gravity  of  the  pit 

in  this  case  is  midway  between  AD  and  BC,  dra 

tical  line  intersecting  the  line  of  the  thrust  at 

force  may  be  considered  to  act  ansrwhere  along  il 

action,  we  may  consider  that  the  thrust  and  th 

r.     V    I   **^'  *'  ^^®  point  e.    The  resultant  of  these  two 

?^  *      •  ^?P^'^   obtained  by  laying  off  the  thrust  T  from  eoaeX 
Determination    of        .  .  ^    r  al      ■     ¥»r  e  i^  l  .u  ^    *•_ 

Thrust  on  Pier         weight  of  the  pier  W,  from  e  on  er,  both  to  the  si 

of  so  many  pounds  to  the  inch,  completing  the 

ogram  and  drawing  the  diagonal.    If  this  diagonal,  prolonged,  cuts 

of  the  pier  at  less  than  one-thiid  the  width  of  the  base  from   t 

edge,  the  pier  is  generally  considered  unstable  and  its  dimensions  are 

(See  Chapter  IV,  Theorem  of  the  Middle  Third.) 

The  Stability  of  Buttress  with  Offsets.  The  stabiuty  of  a  pi^ 
increased  by  adding  to  its  weight  by  placing  some  heavy  material  oi 
example,  or  by  increasing  its  width  at  the  base  by  means  of  offsc 
Fig.  3.  Figs.  3  and  4  show  the  method  of  determining  the  stability 
tress  with  offsets.  The  first  step  is  to  find  the  vertical  line  passing  thi 
center  of  gravity  of  the  whole  pier.  Thb  is  best  done  by  dividing  tiM 
into  quadrilaterals,  as  ABCD,  DEFG^nd  GHIK  (Fig.  3),  finding  the 
gravity  of  each  quadrilateral  by  either  the  method  of  diagonals  or  tri 
explained  in  Chapter  VI,  and  then  measuring  the  perpendicular  disfe 
Xt,  Xt  from  the  different  centers  of  gravity  to  the  line  KI.  (See,  also 
VIII,  page  3x3)* 

Multiply  the  area  of  each  quadrilateral  by  the  distance  of  its  centq 
ity  from  the  line  KI  and  add  together  the  areas  and  the  products.     ^ 
sum  of  the  products  by  the  sum  of  the  areas  and  the  result  will  be  tli( 
of  the  center  of  gravity  of  the  whole  buttress  from  KI.    This  distance 
by  Xo.    This  calculation  is  a  practical  application  of  the  theorem  in 
that  the  moment  or  the  resultant  of  any  number  of  forces  al 
point  is  equal  to  the  SUM  of  moments  of  the  individual  forces  about 

Baamiile  i.    Let  the  buttress  shown  in  Fig.  3  have  the  dimens4 
Then  the  areas  of  the  quadrilaterals  and  the  distances  from  theiri 
gravity  to  KI  are  as  follows:  I 

First  area  »  35  sq  ft  Xt  *  0^.95  First  area  X  Xx  J 
Second  area  -  33  aq  ft  Xf  2'. 9$  Second  area  X  Xtii 
Third  area    -     ix  sq  ft       Xs-V-QS        Third  area    X    Xa^ 

Total  area,  69  sq  ft  Total  inom«>ntv 


30B 

ts  of  tb:  ucmi  ig  ijj.ss,  and  divldiDg  thii  by  the  toU< 
Kmhive  1.3S  u  the  dUtance  Xt.  Meauring  thk  to  tbe  icalc  □(  the  diuv' 
piroa  X/,  we  have  a  pomt  throagli  which  the  vertical  line  pusing  thiough  Lbe 
ta  ot  giavity  must  paaa. 

nit  bw.  pusins  thraucfa  the  centei  of  gravity  of  the  buttress,  can  be  louad 
I,  mbo,  by  tbe  method  of  the  equilibiiuh  polygon  (Fig.  3).    (See 


f   3*    J-     K    »*  3<-4 
Fit-  *.    Kouhunt  Thnnt  on  B: 


withQ 


D  jio.)     In   order  t 


B  do  this,  lay  ofi  sC  any  canvenient 
It  pi^at  U,  UvT.ai  w  2,  and  V  1 1»  3,  tbe 
^^  tbe  various  quadrilateral!  composing  the  buttress.  Through  the  center 
pill  ii  ji  at  och  Quadrilateral  draw  a  vntical  (green)  line.  Draw  the  lines 
i^Ki  V  3  O,  iatasectiog  at  Kime  convrniently  chosen  fou-foiht,  O. 
B  Om  I  aod  Ok  1.  Through  a,  where  UO  intersects  the  vertical 
M>  E^  drawn  through  the  center  of  gravity  of  the  6iit  quadrilateral, 
■«t  jj»-»Bet  to  Om  i,  and  through  b,  where  ab  intersects  the  (green)  hoe 
1^  tlir  center  of  gravity  of  Ih*  serond  quadrilateral,  draw  be  parallel  to 
pFiiBlly  (^w  cL  panHel  to  Ov>  3.  Where  this  line  intetwcts  UO 
HS  tM  tl*^  point  through  which  the  (heavy  re^)  line,,  passing  Ihrough  the 
ca.vigy  of  the  buttress  takcaaa  a  wliole,Eliould  be  drawn.    The  diilaman 
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Xe,  mesEUTed  fram  IK,  should  Iben  be  1.35  It  or  very  nearly  t^s,  aUowi 


n  c4  drawing,  and  the  aa 


S  " 

9 

/ 

f 

0 

i  I  '. 

0.  *         u 

■J 

I  that  found  by  houints.  Fig.  5 
tue  same  method  of  detefmininK  thi 
tion  of  Lbe  center  ol  gnvity  ol  a  bi 
nmilsr  to  tbc  one  iUustiated  in  f^g 
Aftor  this  line  is  (ound,  the  a 
of  deteimining  the  stability  of  tl 


i[  the; 


fig.'  2  and  Fig.  4.  11  the  butt 
Diore  jlian  one  Icx>t  thick,  that 
light-angles  to  the  plane  of  the  pa| 

order  to  6nd  its  weight.  It  is 
however,  to  divide  the  toul  thr 
the  thickness  of  Ihc  buttress,  tlu 
the  thrust  per  foot  of  thickness 
buttress. 

The  Lint  of  heaauia  or  L 
Basiitance.*    1 


r  lbe  1. 


of  ■ 


buttress  is   a   lipe  drawn  throu 


BF  of  Gravity  of  Wall  and 


pomt  in  which  the  resultant  of  the  iorti 
actmg  on  that  portion  of  the  pier  iixn 


how  near  the  greatest  stress  on  any  juii 
comes  Co  Ihe  cdites  of  that  joint.  It  ui 
be  drawn  by  the  lollowing  method. 

Let  A  BCD  (Fig.  6)  be  a  pier  whose  line 
or  pRGSsusE  we  wish  to  draw.  Let  T  be  the  thrust  against  tbe  plet 
diride  the  height  of  the  pier  iolo  several  parts,  each  2  or  3  feet  high,  1 
bf  the  horizontal  dotted  lines.    It  bmore  couvenienl  to  tnake  the  o 

■  This  line  n  caltet),  InlercbaDgeably,  the  Use  of  pressure,  the  line  of  rcsol 
loblaDce-liae,  etc. 
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k^nl  JB  btight.  PidIode  the  UNB  or  the  tbrubt,  and  draw  a  vertical 
!biD(b  Cbe  (tnUt  of  gravity  <rf  the  pier,  intersecting  Ihc  tine  oC  thrust  it 
til  L  Fram  a  lay  ofl  to  a  acale  the  thrast  T,  and  thu  weights  of  the 
H  puts  (4  the  pter,  amunendag  with  the  weight  of  th«  upper  portion. 
(n  icpraaits  the  weight  of  the  poitioQ  above  the  first  joint:  tii  repre- 
llk  nght  of  the  second  part;  and  so  on.  The  sunt  o{  the  w'l  will 
M  Ik  n^t  o(  the  whole  paer. 

I*  I  pualdosmn,  with  T  and  wi  Cot  its  two  sides.  Draw  the  diagonal 
ppteeitbeynod  the  paiaDdogram,  if  neccssaiy.  Its  point  of  intersect itm 
Mc^ioint  will  be  a  pwnt  in  the  line  of  pressure.  Draw  a  second  p»r- 
jpo.sithT'aiidvi  +  infoiitstwosiiles.  Draw  the  diagonal  intersecting 
mdiaaiat  the  point  1.  Continue  in  this  way  with  the  rest  of  Ihc  partial 
■  weights,  the  last  diagonal  intersecting  the  base  AD, 

in  the  pobt  4.    Join  the  punts  i,  a,  j  and  4.    The 

resulting  broken  line  C1134 


WebaveUtrathe  simplest 

lamc  principles  are  true  (or 
any   caae.    If   the   line   of 

point  laUs  at  a  distance  from 
the  outside  edge  of  the  joint 

less      than      ONE-IHIRD      THE 


Tba  StabOitj  of  ■  Wall 
«nd  Buttraas.  By  Mo- 
manta  and  Graphical 
Method.       The     following 

pbcation  of  these  principles. 
Kxample    a.    Let   Fig.    7 
represent   the  section  of  a 
adc  wall  of  a  dii 
buttress  against  it.     Oppo- 

I  hammer-beam  truss,  which  we  will  suppo^  eierts  an 
wall  of  the  chur<h,  imounling  to  about  9  Eoo  lb.  We 
at  (he  resultant  of  the  thrust  acts  at  P.  and  at  an  angle 
tal.  llie  dimensions  of  the  wall  and  buttress  are  given 
3s  is  I  ft  Ihicic,  at  risht-atiglcs  with  the  [^ne  of  the 
ss  the  proper  size  and  fOkh  to  enable  the  wall  to  reast 

«ide  is  whether  or  not  the  like  Of  pRF.sstiiE  cuts  the 
ance  in  from  C.  To  ascertain  this  we  mu^t  dctcimine 
er  of  gravity  of  Ihe  wall  and  huttrew  above  the  joint  CD 

lS  being  taken  about  the  line  KM  as  an  aais.  or  IhK  of 
ready  eiplained.  The  distance  Xi  is,  of  course,  half  tbe 
t  I  It.    We  next  ind  the  center  of  gmvity  of  the  put 


Fig.  8.     Subilily  of  Wall 
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CEFG  (Fig.  8)  by  the  method  of  diagonak;  and  scaling  the  distance  Xt,  i 
it  to  be  3.95  ft. 

The  area  CEFG  ^  Af  10  sq  ft;  and  the  area  CIKL  »  ili  -  36  sq  ft 
il  »  the  total  area  above  CL. 

Then  we  have 

Xi-ift  i4i-26  9qft         i4iXXi-26     sqftxft 

Xt  -  2.9s  ft       i42  -  10  sq  ft         i42  X  JTi «  29.5  sq  ft  X  ft 


A  -  36  sq  ft  36)55.5  sq  ft  X  ft 


Xo«-i.sft 

Expressed  in  equations  of  moments  of  areas,  this  may  be  written  as  I 
A  representing  the  total  area  above  the  line  CL  (Fig.  S): 

.4  X Xo-  (^1 X Xi)+  UtY^Xt) 
Hence, 

^       (/liXXi)  +  (i4,XX,) 


The  center  of  gravity  is  at  a  distance  1.5  ft  from  the  Kne  ED  (Fig. 
Fig.  7  measure  the  distance  Xo  «  1.5  ft,  and  through  the  point  a  draw  a 
line  intersecting  the  line  of  the  thrust  prolonged  at  O.  If  the  thrust  is  ; 
for  example,  for  a  buttress  2  ft  thick,  it  will  be  half  that,  or  4  800  I 
buttress  i  ft  thick.  We  will  call  the  weight  of  the  masonry  of  which  thel 
and  wall  is  built,  150  lb  per  cu  ft.  Then  the  thrust  is  equivalent  to  4  800/ 
cu  ft  of  masonry.  Laying  this  off  to  a  scale  from  O,  in  the  directioi 
thrust,  and  the  area  of  the  masonry,  36  sq  ft,  from  O  on  the  vertical  fii 
plcting  the  rectangle,  and  drawing  the  diagonal,  we  find  that  the  diago 
the  joint  CD  at  /,  within  the  limits  of  safety.  We  must  next  find  wl 
JUNE  OF  pressure  cuts  the  base  AB. 

First,  determine  the  position  of  the  center  of  gravity  of  the  wholi 
This  is  determined  by  finding,  as  explained  for  the  distances  X\  and  X%, 
tances  X%,  X^\  in  Fig.  8,  and  making  the  following  computation,  letti 
the  total  area  above  AM. 

ATi'-ift  i4i'-40sqft  i4iXXi-40       sqftX' 

Xt'«=2.98ft      i4t'«a4sqft  iljXXj- 71.52  sq  ft  X 

Xi  -  4-95  ft      Ai  «  12  sq  ft  A%XXi^  59.40  sq  ft  X 


A*  «  76  sq  ft  76)170.92  sq  ftX 


Xo'  •»  3.25  ft 

This,  also,  may  be  expressed  in  equations  of  moments  of  areas,  as  e 
for  the  part  above  the  line  CL. 

Then  from  the  line  EB  (Fig.  7)  lay  off  the  distance  X^'  "2.25  ft,  a 
through  d  a  vertical  line  intersecting  the  line  of  the  thrust  at  0'.  On 
tical  line,  measure  down  from  O'  the  whole  area  ^%  to  scale,  as  explaine 
and  from  the  lower  extremity  of  this  line  representing  the  area,  lay  &. 
proper  angle,  the  thrust  J  «  32.  Draw  the  line  O'e,  intersecting  the  b 
This  is  the  point  where  the  line  of  pressure  cuts  the  base;  and,  u 
a  safe  distance  in  from  A,  the  buttress  has  sufficient  stability.  If  tl 
more  offsets,  we  should  proceed  in  the  same  way,  finding  where  the 
FBSSSURE  cuts  the  joint  at  the  top  of  each  offset.    The  reason  for  do! 
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IB  the  LDfB  or  PRESSURE  might  cut  the  base  at  a  safe  distance  from  the 
vdRE;  while  higher  up  it  mjigbt  come  outside  of  the  buttress  or  too  near 
Btade  lace,  thus  making  the  buttress  unstable.  The  method  given  in  these 
^  b  applicable  to  piers  of  any  shape  or  material.  If  the  une  of  pres- 
I  Bakes  an  angle  of  less  than  30*  with  any  horizontal  joint,  the  stones 
Rtk  joint  may  slide  at  this  joint,  or  at  least  have  a  strong  tendency  to 
a  SimoiG  can  be  prevented  either  by  doweling,  or 
Mng  the  joints.  Such  conditions,  however,  are 
tiiarciiitectiiial  oonstructioi^. 

k  StibSatf  of  a  Wan  and  Buttress.  Graphical 
This  same  example,  which  has  been  solved  in 
partly  by  moments  and  partly  by 
can  be  solved  entirely  by  graphical 
In  this  case  it  is  not  necessary  to  determine 
postkm  of  the  line  (the  heavy  red  lines  in  Figs.  3  and 
BBBS  throogfa  the  center  of  gravity  of  the  buttress 
I  as  a  whole:  It  b  necessary,  only,  to  determine 
M)  fines  pftsning  through  the  cen- 
if  fxarity  ol  the  various  trapezoids 
into  whidi  it  has  been 
To  determine  the  position 
bxjSE  or  PKESSURK  and  the  various 
ins  or  pkessuke  on  the  different 
k,  the  mfthnd  shown  in  Fig.  6  may 
Bed.  The  construction  shown  in 
\  ifoie.  tn  which  the  complete 
of  the  forces  acting  at 
are  drawn,  may  be  simplified. 
IriF  the  parallelogram,  only,  or  the 
Max  or  THE  FORCES  acting  at  each 
i  Bay  be  drawn  and  the  whole 
hnokjo  placed  at  one  side  of  the 
t  lad  afterwards  transferred  to  the 
iksejf  by  means  of  parallel  lines. 
Bv  the  joint-planes  FG,  EJ,  CK 
Bjr  and  calculate  the  areas  of  the 
■  parts  of  the  wall  and  buttress, 
as  IKGF,  PGJE,  EJKC,  CKNB 
BTJf^.  Fig.  9.  These  are  respec- 
r  14  sq  f t,  6  sq  f t,  16  sq  ft,  10  sq  ft 
IB  sq  ft  Lay  off  these  areas  to  a 
of  so  many  square  units  to  a  linear 
al/S;i,  VIV3,  W2W3,  V3W4  and  w  4  w  5.  along  the  line  KM,  begin- 
a  the  point  of  application  of  the  thrust.  Lay  off,  at  the  same  scale,  the 
top  Ibr  one  foot  of  thickness  of  the  wall,  and  let  this  thrust  be  4  800  lb. 
\0m  I,  0»  2,  Ouf  3,  etc  Then  Ow  i  will  be  the  resultant  of  the  thrust 
le  ve^t  of  the  buttress  above  the  joint  FG,  Ow  2  will  be  the  resultant  of 
^  Ftsoltant  and  the  weight  of  that  part  of  the  buttress  between  the  joints 
EJ,  aivd  so  OQ  until  Ow  5  is  reached,  which  is  the  resultant  of  the  total 
cf  the  buttress  and  the  thrust  as  well  as  the  resultant  of  the  rectangle 
and  the  previous  resultant.  Probng  the  thrust  OP,  until  it  cuts  the 
)  Ene  through  the  center  of  gravity  of  the  first  rectangle  IKGF,  at  a. 
~1b5  point  draw  a  (green)  line  parallel  to  Ow  i  and  prolong  it  badcward 


of  Pressure 
Buttress 
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until  it  intersects  the  joint  PG  at  the  point  within  the  smalt  (red)  drde. 
determines  the  center  of  rRESSURE  on  this  joint  Next,  draw  ah  (gi 
fiarallel  toOu>  2  and  prolong  it  backward  until  it  intersects  the  joint  EJ,  a 
CENTER  OF  PRESSURE  on  that  joint.  Repeat  this  operation  to  obtaiH 
CENTERS  OF  PRESSURE  on  cach  sucoessive  joint,  drawing  6c,  cd  and  de  p& 
respectively  to  Ow  3,  Our  4  and  Ow  5. 

It  must  be  remembered,  however,  that  cd  does  not  have  to  be  prolonged  I 
ward,  as  it  cuts  the  joint  CK  below  and  to  the  left  of  the  line  passing  thi 
the  center  of  gravity  of  EJKC,  Finally,  join  the  various  cbiiters  op  prss 
by  the  (red)  broken  line,  which  is  the  une  of  pbbssurje  in  the  buttresa. 
this  line  lies  within  the  middle  third  of  the  construction,  and  the  resuliai 
the  pressures  on  the  various  joint-planes  do  not  make  with  the  normals  t 
joint-planes  angles  greater  than  the  angle  of  friction,  the  oondition 
stability  may  be  considered  to  be  satined. 
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CHAPTER  Vin 

TmS  STABILITT  OF  MASONBT  ARCHES  * 

By 
GRENVILLE  TEMPLE  SNELLING 

LATE   XEHBER   OF   AlCEUCAN   INSTITUTE   OF   ARCHITECrS 


.  1.  Arches 

Ite  Lintfll  and  the  Arch.  When  an  opening  is  made  in  a  m<^sonry  wal' 
kKcesaary  to  provide  some  means  of  spanning  guch  opening  to  support  the 
inimiwyrl  uasuary.  Two  methods  have  been  employed  by  constructors 
1^  impose.  The  first  involves  the  use  ol  the  beam,  girder,  cap,  or  lintei .« 
I  ik  seaoad  the  throwing  of  an  arch  from  one  side  of  the  opening  to  the 
'pL  LiKTELs  are  made  of  various  materials,  as  wood,  stone,  reinforced  con- 
It,  cast  iron  and  steel,  and  have  cross-sections  of  different  shapes.  They 
tfiiccd  arzo36  the  tope  of  the  openings  and  tmnsfer  laterally  the  loads  above, 
1B4  \TiTiCAL  K£ACTiONS,  only,  in  the  side  supports.  An  arch,  on  the 
puj,  13  a  particular  arrangement  of  blocks  of  stone  or  other  material,  put 
)fiha»  generally  along  a  curved  line,  in  such  a  way  that  they  resist  the  loaa 
a  bahndng  of  otrtain  thrusts  and  courfTERTiiRUSTS.  An  arch  exerts  on 
sgvorts  an  outward  thrust  as  well  as  a  vertical  pressure;  and  it  is 
I  «:■&«!  thrust  which  requires  that  the  arch  should  be  used  with  caution 
B  the  abutments  are  not  amply  large  and  strong.  The  mechanical  principles 
irived  m  the  spanning  of  an  opening  by  a  lintel  are  much  simpler  than 
te  d  the  aicfa  and,  historically,  the  lintel  very  considerably  antedates  the 
L 

Mmifinm.    Before  taking  up  the  principles  of  the  arch,  we  will  define  the 

icpal  tenns  relating  to  it.    The  distance  ec  (Fig.  1)  is  called  the  span  of  the 

h;  A,  the  rise;  b,  the  crown;  the  lower  boundary 

'ex,  the  sOfFFTT  or  intrados;  the  outer  boundary 

',  ^  BACK  or  EXTRAOOs.    The  terms  soffit  and 

k  are  also  applied  to  the  entire  lower  and  upper 

nd  solaces  of  the  whole  arch.    The  sides  of  the 

i  which   are    seen    are  called  the  faces.    The 

b  <tf  which  the  arch  itself  is  composed  are  called 

sbqirs;  the  center  one,  iC,  is  called  the  keystone;    ^.     -     n:-„™   «r  c— 
.,     ,         ^  „-    ^,  -  '    l*ig.  I.     Diagram   oi  bcg» 

lie  bwcst  ones,  55,  the  springers.    In  SEO-  mental  Arch 

lUL  arches,  or  those  of  which  the  intrados  is  not 

p^kte  semicircle,  the  springers  generally  rest  upon  two  stones,  as  RR,  which 

Rthdr  upper  surfaces  cut  to  receive  them;  thtrsc  stones  are  called  ske wracks. 

i  ice  ooonecting  the  lower  edges  of  the  springers  is  called  the  sprincino-. 

^  the  sides- of  the  arch  are  called  the  haunches;  and  the  loads  in  the  tri- 

|hr  spaces,  between  the  haunches  and  a  horizontal  line  drawn  from  the 

M,  axe  called  the  spandrels.    The  blocks  of  masonry,  or  other  material, 

ifcsipfxirt  two  successive  arches,  are  called  piers;  and  the  extreme  blockr 

Hi,  is  the  case  of  stone  brid^es^  generally  support,  on  one  side,  embank- 

Ik  of  earth,  are  called  abutments.    A  pier  strong  enough  to  resist  the 

m  3l  oae  of  two  successive  arches,  in  case  the  other  one  falls  down,  b  some- 

'  •  Sec.  also.  Chapter  XXXI. 
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times  called  an  abutment-pier.    Besides  their  own  weight,  arches  usuall: 
port  permanent  loads  or  surchaeges  of  masouy  or  of  earth. 

Forms  of  Arches.  In  using  arches  in  architectural  oonstructioni 
FORMS  of  the  arches  are  generaliy  governed  by  the  style  of  the  buHding, 
a  limited  amount  of  space,  rather  than  by  engineering  considerations, 
problem,  therefore,  that  usually  presents  itself  to  the  architect  is  not  to  i 
the  form  and  dimensions  of  an  arch  that  will  most  economically  and,  fn 
engineering  point  of  view,  efficiently  bear  its  load,  but  rather  to  detenu 
an  arch  of  a  certain  form  and  of  certain  dimensions  will  be  stable  am 
under  its  load.  The  semicircular  and  segmental  forms  of  arches  ai 
best  as  regards  stability,  and  are  the  simplest  to  construct.  Eluptica 
three-centered  arches  are  not  as  strong  as  circular  arches,  and  sbouk 
be  used  where  they  can  be  given  all  the  strength  desirable. 

The  Strength  of  an  Arch  depends  very  much  upon  the  care  with  whid 
built  and  upon  the  quality  of  the  materials.  In  stone  arches,  spedal  care  a 
be  taken  to  cut  and  lay  the  beds  of  stones  accurately,  and  to  make  thi 
joints  thin  and  close,  in  order  that  the  arches  may  be  stressed  as  little  as  pc 
in  settling.  To  insure  this,  arches  are  sometimes  built  dry,  grout  or 
mortar  being  afterwards  run  into  the  j<Mnts;  but  the  advantage  of  this  m 
is  doubtful. 

Brick  Arches.*    (See  Figs.  2,  3,  4  and  5.)    These  may  be  built  at 
wedge-shaped  bricks,  molded  or  rubbed  so  as  to  fit  to  the  radius  of  the 


Fig.  2  Fig.S  Fig.  4  Fig.  5 

Bnck  Aicbes 

or  of  bricks  of  common  shape.  The  former  method  is  undoubtedly  the  bi 
it  enables  the  bricks  to  be  thoro\ighly  bonded,  as  in  a  wall;  but,  as  it  ini 
considerable  expense  to  make  the  bricks  of  the  proper  shape,  it  is  vo; 
dom  employed.  When  bricks  of  the  ordinary  shape  are  used,  they  ai 
commodated  to  the  curved  figure  of  the  archf  by  making  the  bed- joints  ti 
towards  the  intrados  than  they  are  at  the  extrados;  or,  if  the  curvature  is  s 
by  (hiving  thin  pieces  of  slate  into  the  outer  edges  of  those  joints;  and  difl 
methods  are  followed  for  bonding  them. 

The  usual  method  is  to  build  the  arch  in  concentric  rings,  each  one-half 
thick;  that  is,  to  lay  all  the  bricks  as  stretchers  and  depend  upon  the  1 
ity  of  the  mortar  for  the  connection  of  the  several  rings.  Brick  masonry 
structed  in  this  way  is  deficient  in  strength,  unless  the  bricks  are  laid  in  ce 
mortar  which  is  at  least  as  tenadous  as  themselves.  Another  way  is  to  i 
duoe  courses  of  headers  at  intervals,  and  to  connect  pairs  of  half>brick 

*  For  illustrations  of  the  different  methods  of  building  brick  arches,  see  Cbapte 
BuikliDg  Canatruction  and  SuperinUndence,  Part  I,  Maaaoa'  Work,  F.  £.  Kidder. 
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fcL  Tbis  may  be  done  either  by  thickening  with  pieces  of  slate  the 
loi  tbe  outer  ring  of  a  pair  of  half>brick  rings,  so  that  there  will  be  the 
iwaka  of  courses  of  stretchers  in  each  ring  between  two  courses  of 
^  or  by  placing  the  courses  of  headers  at  such  distances  apart,  that 
in  each  pair  of  them  there  will  be  one  course  of  stretchers  more  in  the 
Itka  in  the  inner  ring.  The  former  method  is  best  smted  to  arches  of 
\aiBB;  the  latter,  to  those  of  short  radius.  Hoop-iron  laid  around  the 
tfetneen  half-brick  rings,  as  well  as  longitudinally  and  radially,  is  very 
II  ior  strengthening  brick  arches.  The  bands  of  hoop-iron  which  traverse 
tA  BdiaUy  may  also  be  bent,  and  prolonged  into  the  bed- joints  of  the 
^  ud  spandrels.  By  the  aid  of  hoop-iron  bond,  Sir  Marc-Isambard 
y  boflt  a  half-arch  of  bricks,  laid  in  strong  cement  mortar,  which  stood, 
pcBf  iroBi  its  abutment  like  a  bracket  to  the  distance  of  60  ft,  until  it  waa 
ta^  by  the  undermining  of  its  foundations. 

kvAf  requirements  in  the  New  York  City  Building  Laws  for  brick  and 
kvdes is  that  "openings  for  doors  and  windows  in  all  buildings  shall  have 
lad  snfikJent  arches  of  stone,  brick,  or  terra-cotta,  well  built  and  keyed 
Wik  good  and  sufficient  abutments. " 

lb  fcr  fhe  F#4f|^«  of  Briek  Arches.  A  good  sttls  for  the  radius  of 
Utal  brick  arches  over  windows,  doors  and  other  small  openings  is  to 

bihe  lADITJS  EQUAI.  TO  THE 
k  or  THE    OPEMING.      This 

n  food  rise  to  the  arch  and 
baiis  propoftioii.  In  com- 
'  boikwoik,  when  no  par*- 
H  trdutectnral  effect  is 
ti  sadk  as  in  the  rowlock 
^tiaoim  ovtx  the  openings 
iff  walls,  a  KT7LE  in  very 
ioa  ose  is  to  make  the  rise 
rtrc^  at  the  crown  ak  inch 

nor  POR   EVERY    FOOT   OF 

^BCKlal  Arches  with  Tie- 

L  It  is  often   desirable  to 

opaings  in  a  wall  by  means 

dbs  when  tliere  are  not  a 

M  Domber  of  abutments 

BUftad    the    thrusts.    In  , 

« tbis  kind  each  arch  can  be  sprung  from  two  cast-iron  skewbacks,  held 

B  bgr  IRON  ROV>s.  as  is  shown  in  Fig.  6.    When  this  is  done,  it  is  neci^ssary 

i^ortMB  the  size  of  the  rods  to  the  thrust  of  the  ardi.    The  horizontal 

iirof  the  aich  may  be  very  closely  determined  by  the  following  formula: 

,   -  load  on  arch  X  span 

Honzontal  thrust*- ; z r~-~  7~~I 

i  8  X  nse  of  arch  m  feet 

h  bad  m  concentrated  at  the  center  of  the  arch,  the  thrust  will  be  twice 
by  tfaie  formula. 

TAL  STRESS  in  the  rod  or  rods  will  equal  the  horizontal  thrusi 

Itch  and  if  there  are  two  rods,  the  stress  in  each  wiil  be  one-half  the 
If  there  are  three  rods,  then  each  must  resist  one-third  the  thrust. 

feche  stresses  in  the  lods^  Ihe  siee  of  each,  m^  be  determined  from 
_  Copter  XI. 


Fig.  6. 


Segmental  Brick  Arch,  Cast-iron  Skew- 
back  and  Wrought-Jron  Tie-rod 
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Example^  x.  Let  us  assume  that  a  brick  arch,  like  the  one  shown  in  1 
has  a  span  of  15  ft,  a  rise  at  the  center  of  i  ft  6  in,  and  that  it  supports  1 
brick  wall.  The  weight  of  all  the  brick  masonry  above  the  arch  does  not 
upon  it.  Usually  only  an  equilateral  triangle  of  brickwork  is  conai 
the  base  of  the  triangle  being  the  span.  Assume,  therefore,  an  equilatei 
angle  the  sides  of  which  are  each  15  ft  long.  The  altitude  of  this  trxai 
about  X2.6  ft  and  its  area  will  equal  15  ft  X  12.6  ft  X  H  »  944  sq  f t.  if  tl 
is  12  In  thick  there  will  be  97  ^  cu  ft  of  brickworic  within  this  triangle 
wall;  and  since  ordinary  brickwork  weighs  about  115  lb  per  cu  f t,  its  ' 
will  be  about  10  867  lb.    Substituting  these  values  In  the  formula. 

The  horizontal  thrust  -  ~--^^-^  =  13  584  lb 

&XI.S 

Looking  in  Table  II,  page  388,  it  appears  that  one  iVi-ln  or  two  xVi-in 
round,  wrought-iron  rods,  or  one  i^-in  or  two  ^-in  round,  upset*  sto 
should  be  used. 

Centers  for  Arches.  A  center  is  a  temporaiy  structure,  genen 
timber,  on  which  the  voussoirs  of  an  arch  are  supported  while  the  arch  h 
built.  It  consists  of  parallel  frames  or  ribs,  placed  at  convenient  dii 
apart,  curved  on  the  outside  to  a  line  parallel  to  that  of  the  soffit  of  th 
and  supporting  series  of  transverse  planks,  upon  which  the  arch-stone 
The  center  commonly  used  is  one  wUch  can  be  lowered,  or  struck  all 
piece,  by  driving  out  wedges  from  below  it,  so  as  to  remove  ai  once  the  s 
from  every  point  of  the  arch.  The  center  of  an  arch  should  not  be  struc 
the  solid  part  of  the  backing  has  been  built  and  the  mortar  has  had  1 
set  and  harden;  and  when  an  arch  forms  one  of  a  series  of  arches  wit 
between  them,  no  center  should  be  struck  so  as  to  leave  a  pier  with  9 
abutting  against  one  side  of  it  only,  unless  the  pier  has  suffident  stability 
as  an  abutment.  When  possible,  the  striking  of  the  center  of  large  brick 
should  be  delayed  for  two  or  three  months  after  the  arch  is  built,  and 
the  period  that  they  are  in  place  they  should  be  eased  from  time  ti 
This  is  done  by  easing  out  the  wedges  under  the  centers  a  little  at  a  1 
as  to  let  them  down  gradually  and  thus  adjust  any  slight  settling  or  shrin 
the  masonry  as  it  occurs. 

Mechanical  Principles  of  the  Arch.  In  designing  an  arch,  the  firs 
tion  to  be  settled  is  the  form  of  the  arch;  and  in  regard  to  this,  as  already 
there  is  generally  little  choice.  When  the  abutments  are  of  ample  size,  t 
mental  arch  is  the  strongest;  but  when  it  is  necessary  to  make  the  abw 
of  the  arch  as'small  as  possible,  the  semicircular  or  the  pointed  arch 
be  used. 

Depth  of  Keystone.  Having  decided  upon  the  form  of  the  arch,  thi 
OF  the  arch-ring  must  nett  be  decided.  This  is  generally  determined  I 
puting  the  required  depth  of  the  keystone  and  making  the  depth 
whole  ring  the  same  or  a  little  larger.  In  considering  the  strength  of  a 
the  depth  of  the  keystone  is  considered  to  be  only  the  distance  from 
trades  to  the  intrados  of  the  arch;  and  if  the  keystone  projects  above  t] 
ring,  as  in  Fig.  1,  the  projection  is  considered  a  part  of  the  load  on  tl 
There  are  several  rules  for  determining  the  depth,  of  the  keystone,  bnf 
empirical;  and  they  differ  so  greatly  that  it  is  difficult  to  recommend  ■ 
tkular  one. 

Rsnkfaie*t  Fommte  for  De^  of  iteystone.  Professor  Rankin 
Is  often  quoted,  and  gives  results  whidi  are  probably  true  eaoush  h 
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ti  It  applies  to  both  cisculas  and  eluftical  asches  and  is  as  follows. 
I  nan  prapoitioiial  between  the  inside  radius  at  the  crown,  and  0.12  ol 
Ik  iff  a  single  arch,  and  0.17  of  a  foot  for  an  arch  forming  one  of  a  series: 


Bkpck  in  feet  of  ke^-stone  for  single  arch 
Iqtk  ID  feet  of  keystone  for  arch  of  a  series 


V  (o  .12  X  radius  al  crown) 

V  (o.  17  X  radius  at  crown) 


|k  diBaeDsaons  given  by  this  formula  seem  to  agree  very  well  with  those 
nEy  Used  in  practice  in  arches  of  a  certain  kind.  The  formula,  however, 
p  tk  sajne  depth  of  keystone  for  spans  of  any  length,  provided  the  radius 
kesuar;  and  in  this  particular  It  would  seem  that  the  rule  is  not  satisfactory. 

bntwise'B  Fornmla  for  Depth  of  Keystone.    Trautwine,  from  calcu- 

tBade  Uk  a  large  number  of  arches,  deduced  a  formula  for  the  depth  of 
le.  which  seems  to  agree  with  theory  more  closely  than  Rankine's  formula, 
iisicis,  fur  cut  stone, 

V  radius  +  half  span 


Depth  of  key  in  feet 


{ 


■) 


+  0.2  ft 


fot  3C0NIKXASS  work  this  depth  may  be  increased  about  one-eighth  part, 
fk  BticcwQBE  or  FAIR  BUBBLE,  about  one-third. 

bUcs  for  Depths  of  Keystones.  Table  I  gives  a  few  examples  of  the 
|>B  or  THE  KEYSTONES  of  some  bridges,  together  with  the  depths  which 
M  be  required  by  Trautwine's  or  Rankine's  formula.  From  this  table  it 
pa  that  the  results  of  both  formulas  agree  very  well  with  dimensions  used 
lilaal  practice. 


TSUe  L    DepUH  of  Keyitonea  of  Some  Arches  of  Circular  Arc 


or  locatton  of 
ttnictiare 


bia  John,  Washing- 

IM  aqueduct 

tasvenor  bridge 
Hiestcr.  En^iand. . . 
KB  Riporia.  Turin. 

mky 

■mriand.  England 
BDlxidipe.  Scotland, 

laieries 

k  bridae.  Phila- 
"   ua  ^   Reading 

St.   bridge, 
phia,   bnck 

phia  &  Read- 
Rajlmad 

pbia  &  Read- 
Saflioad 


Span 


ft 


148.0 
lii.o 


Rise 


ft 


57. as 


200.0    42.00 


18.00 
38  00 


90.0     c   X) 


78.0 

60.0 
44.0 
31.2 


25  00 

18.00 
8.00 
5. 00 


Radius 


ft 


134  as 

J40.00 

160.10 
64.80 

48.90 

43  00 

34.00 
34.30 
26.80 


Actual 
depth 
of  key 


ft 


4.16 
4.00 

4.9a 
3.50 

3.00 

3.00 

2.50 
2.50 
I  66 


Calculated 
depth  of  key 


Traut- 
wine's 
Rule 

ft 


4." 

401 

.4.03 
3.00 

2.62 

2  46 

2.20 
2.08 
1.83 


Ran- 
kine's 
Rule 

ft 


4.00 

4.10 

4.38 
2.79 

2.88 

2.27 

2.00* 

2.02 

X.79 


Engineer 


Meigs 

Hartley 

Mosca 
Telford 

Telford 
Steele 

Kneass 

Steele 
Steele 


*  For  ilMt<laM  cQt-ftoae  work. 
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Table  11*  gives  the  DSFfRS  of  keystones  for  arches  of  first-class  cut  si 
according  to  Trautwine's  Formula.  For  second-dass  cut  stone,  add  about 
eighth  |>art  and  for  fair  nibble  or  for  brickwork  about  one^third  part,  as  si 
with  formula. 


Table  n.    Depths  of  Keystones  for  Arches  of  First-Class  Cot-Stone 

Masonry 


Rise.ir 

i  parts  of  the  span 

Span 

Vi 

H 

H 

H 

^ 

H 

M 

(t 

ft 

ft 

ft 

ft 

ft 

ft 

t 

a 

0.55 

0.56 

0.58 

0.60 

0.61 

0.64 

OJ 

4 

0.70 

0.72 

0.74 

0.76 

0  79 

0.83 

0.1 

6 

0  81 

0.83 

0.86 

0.89 

0.92 

0.97 

I. 

8 

0  91 

0  93 

0.96 

I  00 

1.03 

I  09 

I. 

10 

0.99 

I  01 

1.04 

1.07 

I. II 

1. 18 

I. 

15 

1.17 

1.19 

1.22 

1.26 

1.30 

1.40 

I. 

20 

1.3a 

I  35 

1.38 

1  43 

1.48 

1.59 

I. 

25 

1.45 

1.48 

I  53 

1.58 

1.64 

176 

1. 

30 

1.57 

I  60 

I  6S 

I-71 

1.78 

I  91 

2. 

35 

1.68 

1.70 

1.76 

183 

1.90 

2  04 

2. 

40 

1.78 

X.81 

1.88 

1.1.5 

a. 03 

a. 18 

2. 

so 

1.97 

2.00 

2.08 

2.16 

2.25 

2.41 

2. 

•    6o 

2.14 

2.18 

2.26 

2  35 

2  44 

2.62 

2. 

8o 

2.44 

249 

2.58 

8.68 

2.78 

3.98 

3 

100 

2.70 

2.75 

2.86 

a. 97 

3.09 

3  32 

3 

120 

2.94 

2.99 

3.10 

3-22 

3. 35 

3.61 

3 

140 

3.16 

3.21 

3  33 

3.46 

3.60 

387 

4^ 

160 

3.36 

3.44 

3.58 

3.7a 

3.87 

4.17 

180 

3.56 

3.63 

3.75 

3.90 

406 

4.38 

200 

3  74 

3.81 

3.95 

4  12 

4.29 

220 

3  91 

4.00 

4.13 

430 

4.48 

•    *  • 

240 

4.07 

4.15 

4.30 

4.48 

•     mm 

260 

4.23 

4  31 

4.47 

4.66 

•      ••>•■• 

»     «     * 

280 

4.38 

4.46 

4.63 

300 

■ 

4-53 

4.62 

4.80 

Bxample  a.  Having  decided  what  the  thickness  of  the  arch-rin^  vnXl 
remains  to  determine  whether  such  an  arch  would  be  stable  if  built. 
following  example  will  illustrate  the  method  of  determining  this. 

Consider  an  unloaded  semicircular  arch  of  20-ft  span. 

First,  to  find  the  depth  of  the  keystone,  we  will  use  Rankine's  Fomiul 


Depth  of  key  «  V0.12  X  10  -  V1.2  -  i.i  ft 

Trautwine's  Formula  gives  nearly  the  same  result, 

V  lo-f  10 


Depth  of  key 


+  0.2  ft-  1.3  ft 


But  if  we  should  compute  the  stability  of  a  20-ft  semicircular  arch 
keystone  1.3  ft  deep,  we  should  find  that  the  arch  is  very  unstable;  1m 
this  case,  we  cannot  use  the  formula  and  must  act  upon  our  ovm.  juc 
In  the  opinion  of  the  author,  the  arch-ring  of  such  an  arch  should  be  ; 
aH  ft  deep  and  the  stability  of  the  arch  should  be  tested  for  that  thi 
In  all  calculations  on  the  arch,  it  is  customary  to  consider  it    x  f t  t 

*  Taken  from  The  Civfl  Engiaeer's  Pocket- Book.  John  C. 
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Thrntt  from 


OiDterflCpi 


itiigkA  to  its  lace.  Tbis  aSmn  the  aseas  op  tbb  faces  to  be  substituted 
IfAt  iCtVAL  WEIGBT8  of  the  vouflaoiis  and  their  loads.  This  method  was 
iriJi  die  discttssioD  ol  Retaining-Walls,  Chapter  IV,  and  Piers  and  Butr 
tm,  Chapter  VII.  Furthermoret  it  is  evident  that  if  an  arch  x  ft  thick  is 
ik^njufoaber  of  arches  of-  the  same  dimensioas  built  alongside  of  it  would 
MiUe.  In  determining  the  stability  of  masonry  arches  it  is  also  customary 
■qfect  any  increase  in  the  strength  of  the  arch  from  the  mortar  in  the  joints, 
iistkr  wofds.  to  consider  the  arch  as  kid  up  dry. 

Bnplk  Detemmuition  of  the  Stability  of  Arches.  An  arch  has  aheady 
■  defined  as  a  particular  arrangement  of  blocks  of  stone  or  other  material, 
■E  bfcdu  being  called  the  vous- 
Ik  For  the  sake  of  simplicity 
iiirr  an  ukix>ad£D  akch.  In 
db  aa  aicfa  each  voussoir  is  sub- 
tod  to  the  action  of  three  forces, 
[  the  thrust  thai  it  receives  from 
t  fWBsoir  next  above  it  in  the 
i«g,  (2)  the  force  of  gravitation, 
b  ovB  weight  and  (3)  the  reaction 
fte  resnltant  thrust.  The  first  two 
n  combine  into   one  and  form 

rarest  that  this  voussoir  exerts  on  the  one  neact  below  it  in  the  arch-ring 
^  7).  The  points  in  which  these  various  thrusts  cut  the  joints  arc  called  the 
BD5  or  ncESSUBE  of  the  joints,  while  the  line  joining  these  centers  of  prcs- 
^isofted  the  line  of  pressdxe  or  line  of  resistaicce.*  In  order  that  an 
koij  be  absohitely  stable,  this  line  of  resistance  must  fall  within  the  middle 
Mflf  the  arch-ring.  (See  Theorem  of  the  Middle  Third,  Chapter  IV  )  If 
tacfc  is  stable  the  centers  of  pressure  on  the  various  joint-lines  are  within 
(■■idle  third  of  the  voussoir-depths  and  the  angles  made  by  the  different 
Ms  vith  the  nonnab  to  the  joints  are  less  than  the  angle  of  friction  of 
■atoial  of  which  the  arch  is  ooostructed.    If  these  conditions  are  not  ful- 


BMoltMrt  thrtwi 
mk  MUMoir  next  below 


Fig.  7.    Equilibrium  of  Forces  on  Voussoir 


Su    Fafloic    of    Semicircular  Arch. 
Hsnocfaea  Sliding  Down 


Fig.  9.     Failure  of  Semicircular  Arch. 
Haunches  Sliding  Up 


I  the  csjTEBiA  OF  SAFETY,  expliuned  in  Chapter  VII  in  the  discussion  of 
SeabiEty  of  a  Buttress,  will  not  be  satisfied;  and  at  any  joint  where  these 

fc<  do  not  obtain,  the  voussoir  above  the  joint  will  tend  to  slide  along 
plane  if  the  angle  made  by  the  thrust  with  a  normal  to  the  joint  is 
than  the  angle  of  friction.    If  the  (xnter  of  pressure  lies  outside  the 
tlud,  there  will  be  a  tendency  for  the  voussoir  to  overturn.    When 
reach  extreme  limits  actual  failure  may  occur.     Figures  8,  9, 
11  iBiatrate  some  of  the  ways  in  which  an  arch  may  fail,  Figs.  8  and  9, 

Ear  is  called,  interchangeably,  the  line  of  pRESSiniE,  the  iwK  of  PFsinxANCE, 
LUia,  cte.     (See,  aho.  Chapter  XXXI,  pageaiaas  and  xas4-) 
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showing  different  parts  of  the  maaonry  sUttiag  on  the  joints  and  Ftp.  10 
11  the  failures  caused  by  the  passing  of  the  line  of  pveasure  near  the  intrad 
extiados. 

Before  passing  to  the  actual  discussion  of  the  orafbic  method  for  detenu 
the  stability  of  arches,  a  consideration  of  the  action  of  the  stssssbs  devd 
in  a  construction  of  this  kind  wilh  assist  in  a  clearer  understanding  of  the  siri 

Fig.  8  shows  how,  if  the  line  of  resistance  along  the  haunches  of  the 
^ould  turn  sharply  downward  and  in  so  doing  make  with  a  normal  to  o 
the  joints  an  angle  greater  than  the  angle  of  frictk»,  the  voussotrs  at  this 


Fig.  10.     Failure  of  Semicircular  Arch. 
Opening  oC  Arch-ring 


Fig.    11.     Failure  of    Poinded  Ai 
Opening  of  Arch-ring 


would  tend  to  slide  inward  on  their  joint-planes,  forcing  outward  the  voi 
at  the  spring  and  crown  of  the  arch.  Fig.  0  shows  how  failure  of  the  arch 
occur  under  similar  conditions,  but  with  the  line  of  resistance  turning  si 
upward  instead  of  downward.  In  these  two  cases  it  is  ooncdvabie  th 
though  the  resistant  thrust  at  the  joint  where  failure  takes  place  mal 
angle  with  the  normal  greater  than  the  angle  of  friction,  its  point  of  appii 
b  still  within  the  middle  third  of  the  joint. 

Figs.  10  and  11,  on  the  contrary,  illustrate  methods  of  failure  m  whi 
though  the  angle  made  by  the  thrust  may  be  such  as  to  cause  no  supping 
joint  on  another,  its  point  of  application  is  sufficiently  outside  the  middk 
of  the  arch-ring  itself  at  the  crown  to  cause  overturning.  In  Fig.  10  t 
of  resistance  passes  high  up,  or  perhaps  entirely  outside  of  the  arch-ring, 
voussoirs  at  the  crown  of  the  arch  and  low  down  along  the  haunchs 
Fig.  11  exactly  contrary  conditions  exist. 

The  ten  ways  in  which  a  hiasonry  arch  may  fail  have  been  classified  as  fol] 
**  (i)  By  crushing  of  the  masonry;  (2)  By  slid^g  of  one  voussoir  upon  ai 
(3)  By  one  voussoir  or  section  of  masonry  overturning  about  an  ac 
voussoir  or  section;  (4)  By  shearing  in  a  horizontal  or  vertical  plan 
applying  to  solid  c(xicrete  arches  and  not  to  voussoirs;  (5)  As  a  coLum 
the  ratio  of  the  unsupported  length  of  an  arch  to  its  least  width  is  greati 
twelve;  (6)  From  striking  the  centering  before  the  mortar  is  hard  o 
the  arch,  although  stable  under  the  full  load,  is  not  stable  under  its 
alone;  (7)  By  striking  the  centering  or  loading  the  arch  during  ca 
tion  unsynuuctrically;  (8)  By  settlement  of  the  foundations;  (9)  By  s 
upon  the  foundations;  (10)  By  overturning  about  any  point  in  the 
abutment.  Methods  (8)  and  (9)  are  the  most  common  ways  of  failur 
methods  of  failure,  however,  must  be  guarded  against  in  design. " 

While  some  of  these  ways  of  failure  may  seem  other  than  those  Olu 
in  the  foregoing  figures,  they  may  be  perhaps  more  properly  considered  1 

*  W.  J.  Doughtf  in  American  Oyil  Engineering  Pocket-Book,  page  635. 
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mm  than  ways  op  failuke;  and  all,  with  the  exception  of  the  first, 

tihoBt  a  pontioii  of  the  line  of  resistance  in  the  arcb-iing  which  causes 
i&  one  of  the  ways  noted. 
ktcpinl  to  the  method  of  failure  (x),  the  conditions  may  be  such  that  the 
in  although  33munetricaJ,  is  so  excessive  that  although  the  line  of  resistance 
■Bs  within  the  middle  third,  the  total  pressure  on  a  joint  is  sufficient  to 
|B  HE  lUTERiAL  oC  which  the  mch  is  coastzucted.  Such  conditions,  how- 
liRDot  caaaoati. 

|b  the  foresoing  discussion  it  is  evident  that  in  order  to  determine  whether 
■t  I  given  arch  is  stable,  it  is  necessary  to  find  the  true  line  of  resistance 
yijwHiiig  to  the  conditions  of  loading,  form  and  dimensions  of  that  par- 
fc  anh.    It  is  alwa^'s  possible,  in  eveiy  arch-ring,  to  pass  one  maximum 

|«t  XnOMUM  LIKE  OF  SESISTANCE.     The  TRUE  UNE  OF  RESISTANCE  wiU  lie 

iBiixre  between  these  two.  The  method  of  procedure,  therefore,  is  to  pass 
ttivdy,  a  line  of  resistance,  either  a  maximum  or  a  minimum  one,  and  see 
taBains  within  the  middle  third.  If  it  does  not,  as  it  may  not  be  the  true 
id  resistance,  it  does  not  mean  necessarily  that  the  arch  is  not  stable.  The 
i^  (hen,  IS  to  note  where  tt  departs  farthest  from  thfe  middle  third,  and 
IH  &  Kcond  line  of  resistance  thiough  the  same  point  on  the  crown- joint 
|fk  pomt  on  the  line  of  the  middle  third  where  the  original  line  departs 
Ubt  froin  the  nnddle  third.  If  this  second  line  of  resistance  remains  within 
ladde  third  it  is  reasonable  to  assume  that  the  arch  is  stable.  In  these 
be  operations  it  is  only  necessaiy  to  consider  half  the  arch  when  the  loading 
■mnftTiml.  and  this  is  usually  the  case  in  architectural  problems.  The 
wa.  6r  voussoras,  also,  into  which  we  divide  the  half-arch,  is  immaterial 

Ilk  joints  need  not  coincide  with  those  of  the  actual  arch. 
trier  to  pass  a  line  of  tcsbtance  through  an  arch-ring,  the  thrust  exerted 
lit  odier  half  at  the  crown-joint  on  the  half-arch  is  first  determined. 
^ikrttst  is  then  combined  with  the  resultant  of  the  weight  of  the  first  voussoir 
fits  load  to  determine  the  thrust  exerted  by  this  voussoir  on  the  one  next 
•it,  and  this  thrust,  in  turn,  is  combined  in  the  same  way  with  the  resultant 
|i  ve%ht  and  the  load  of  the  second  voussoir,  and  so  on  down  to  the  firing- 
jnt,  for  each  succeeding  voussoir.  The  points  in  which  the  various  lines 
BKMtiDg  the  thrusts  cut  the  joints  are  known  as  the  centers  of  pressure, 
the  fine  joining  them  is  the  line  of  pressure  or  line  of  resistance.  In 
nang  Uns  operation,  the  center  of  gravity  of  each  voussoir  as  well  as 
be  passing  through  the  center  of  gravity  of  the  whole  half-arch  must  be 
^  The  face  of  each  voussoir  may  be  considered  a  trapezoid,  and  any 
rf  the  methods  for  finding  the  center  of  gravity  of  this  figure  may  be  used 
the  center  of  gravity  of  each  voussoir.  The  method  of  dividing  the 
mto  tkiamcles  is  here  employed  and  is  shown  at  the  side  of  the  arch 
It  12.  (See,  also,  in  Chapters  VI  and  VII.)  As  the  determination 
r  position  of  the  line  passing  through  the  center  of  gravity  of  the  half-arch 
(problem  of  finding  the  resultant  of  a  system  of  parallel  forces,  the 
Dd  involving  the  drawing  c^  the  equiubrium-polygon  may  be  used. 
part  convenient  way  to  determine  the  stability  of  an  arch  is  to  use  the 
JDC  method.  The  steps  in  this  method  are  outlined  in  the  preceding  para- 
k    Each  of  the  operations  will  now  be  considered  in  detail. 

tt  SicfL  Draw  one-half  the  arch  to  as  large  a  scale  as  convenient,  and 
b  it  into  voussoirs  of  equal  size.  In  the  example  shown  in  Fig.  12,  the 
mg  h  divided  into  ten  voussoirs  of  equal  face-areas.  As  already  pointed 
|h not  necessary  that  these  should  represent  the  actual  voussoirs  of  which 
pkk  built.    Next,  the  face-area  of  esich  of  these  voussoirs  is  to  be  found. 


di4 


The  Stability  of  Masonry  Arches 


Chi 


Where  the  arch-ring  is  Avided  into  Toussoirs  of  equal  aise,  this  b 
done  by  oomputing  the  tdtal  area  of  the  afdi^ing  tnd  dividing  this  tota] 
by  the  number  of  voussoirs.  The  formula  for  finding  the  area  of  one-ha 
anchoring  is  as  follows: 

Area  in  square  feet  -  0.7854  (f*  —  n*) 

In  this  formula  t  is  the  outside  radius  and  n  the  inside  radius  in  feet. 
In  this  problem,  for  example,  if  the 

Area  of  the  arch-ring  >-  o  7854  (12.5*  —  lo*)  -  44.2  sq  ft 

as  there  are  ten  equal  Youssotrs,  the  area  of  each  voussoir  is  4.4a  sq  ft. 

jng  drawn  out  one^half  of  the  arch-ring,  divide  the  crown-joint  into  three 

parts,  and  with 
ofcyfiandCKFde 
the  arcs  dividiq 
arch-ring  into  tU 

Second  Step.  C 

.the  points  E  ai 

through  which  U 

a  MINIMUM  LINE  < 
SISTANCE.      The  J 

F  and  G,  through 

a  MAXIMUM  LINE  ( 

SISTANCE  can  bep 
could  equally  wd 
been  chosen.  Its 
be  noted  that  a 
loaded  semiciri 
arch  is  more  apt 
by  opening  at  tl 
trados  at  the 
and  at  the  extra* 

<^  ^  "   "^  ^  the  haunch,  and 

Fig.  12.     Line  of  Pressure  in  Unloaded  Semicircular  Arch-ring   fore,  in   this  cas 

Une  of  resistance 
ably  passes  nearer  the  outer  thirp  at  the  crown  and  nearer  the  inner 
at  the  haunch.  To  determine  this  minimum  line  of  reslstance  the  Mn 
THRUST,  applied  at  the  point  E  of  the  crown-joint,  must  first  be  dctermii 
The  half-arch  is  in  equilibrium  imdcr  the  action  of  three  forces:  ( 
THRUST  AT  THE  CROWN,  acting  horizontally,  applied  at  the  point  E  and  prev 
the  half-arch  from  overturning  inward;  (2)  the  weight  of  the  hau 
considered  as  a  vertical  force,  acting  through  its  center  of  gravity  and  ti 
to  overturn  it  inwards  about  the  point  D;  and  (3)  a  force  equal  and 
site  to  the  resultant  of  these  two  forces  and  passing  from  Q  to  I.  I 
intersection  of  the  wcight-iine  through  the  center  of  gravity  of  the  hal 
with  the  line  of  action  of  the  thrust  at  the  crown,  prolonged.  It  is  thus  p 
to  construct  the  triangle  of  these  three  forces  and  determine  the  magn 
of  the  thrusts,  when  the  position  of  the  weight-line  of  the  half-arch  is 
mined.  It  is  first  necessary  to  draw  a  vertical  line  through  the  center  of  | 
of  each  voussoir.  The  center  of  gravity  of  one  of  the  voussoirs  may  be 
by  the  method  of  triangles,  as  shown  in  the  supplementary  figure  at  ti 
ef  the  arch-ring. 
•  Having  determined  the  posidons  of  the  centers  of  gravity  of  the  vol 
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m  then  on  the  vcnisscmzb  as  shown.  From  the  point  E  (Fig.  12)  lay  off  verti- 
i.  to  ft  scale  of  so  many  square  units  to  a  unear  unit,  the  area  of  each 
par,  cne  below  the  other,  commencing  with  the  top  voussoir.  The  length 
fie  Sue  EK  will  then  equal  the  total  area  of  the  arch-ring.  From  E  and 
[{T?.  12)  draw  45'  lines  intersecting  at  O.  Draw  Ow  1,  Ow  2,  Ow  $,  etc. 
iavfcere  OE  intersects  the  first  vertical  line  through  the  center  of  gravity 
[it  first  voussoir  at  a,  draw  a  line  parallel  to  Ow  i,  intersecting  the  second 
IIIq]  at  b.  Draw  be  parallel  to  Ow  2,  cd  parallel  to  Ow  3  and  so  cea  to  k. 
^il  parallel  to  Ow  10  and  prolong  it  downward  until  it  intersects  EO  pro- 
piilL.  A  vertical  line  drawn  through  L  will  pass  through  the  center  of 
feity  of  the  half  arch>ring.  Thb  is  an  application  to  a  practical  problem  of 
iBctbod  of  finding,  hy  the  equiubrium-folygon,  the  line  of  action  of  the 
hhot  of  a  SYSTEM  OF  parallel  forces.  The  weights  of  the  individual 
bsoin  act  along  parallel  vertical  lines  and  the  weight  of  the  half-arch  is  their 
Htiiit  in  magnitude. 

M  Sttp,  To  determine  the  thrust  at  the  crown  and  the  reaction 
ttB  SFRDiG,  draw  a  bonaontal  line  through  E,  the  upper  part  of  the  middle 
^  aid  a  vertical  line  through  A  the  two  lines  intersecting  at  /  (Fig.  12). 
Itk  aich  to  be  stable,  it  is,  in  general,  considered  necessary  for  the  line 
fttSBiANCE  to  paas  within  Uie  middle  third.  First,  assume  that  the  line 
FlRSEOic  or  resistance  starts  at  E  and  comes  out  at  H.  Draw  a  line  IH 
^dnctioa  of  the  line  of  action  of  the  resultant  of  the  thrust  at  the  crov.'n 

EUk  vdght  of  the  half-arch,  and  draw,  also,  a  horizontal  line  opposite  the 
Eaio,  bfctwccu  N  and  M.  This  horizontal  line  MN  represents  the  magni- 
td  the  hodxoQtal  thrust  at  the  crown,  for  INM  is  the  triangle  of  the 
t  ToacES  in  equilibrium,  the  thrust  at  the  crown,  the  weight  of  the 
|«idi  and  the  XEAcnoN  at  the  spring.  Draw  w  10  O^  parallel  to  Hit  ^nd 
^faes  O^w  I,  O^w  2,  O^ws,  etc.  O^E,  equal  to  NAf^  is  the  thrust  at  th6 
^MuiwjoC^,  eciual  to  MI,  the  reaction  at  the  spring.  INM  and  EKO'* 
\maki  triangles. 

CSlcy.  It  is  required  next,  to  determine  the  line  of  resistance 
the  arch-ring.  The  thrust  at  £  is  combined  ¥nth  the  weight  of  the 
tmosfioir;  their  resultant  is  found  and  in  turn  combined  with  the  weight  ot 
ISBcmd  voussoir;  and  so  on  for  all  the  voussoirs.  The  intersections  of  these 
itaats  with  the  joint-lines  are  the  centers  of  pressure;  the  line  joining 
K  centcn  of  pressure  is  the  line  of  resistance. 

Ilae  zcsohants  could  be  determined  by  drawing  a  series  of  parallelo- 
Kb  or  fOBCES  over  each  voussoir.  This  would  complicate  the  figure  and 
ifie  umiccesaaiy  labor.  It  is  found  more  convenient  to  draw  the  triangles 
ntcES  one  after  the  other,  at  the  right-hand  side  of  the  figure  and  then 
Mer  the  results  thus  obtained  by  means  of  parallel  lines  to  the  figure 
t,  especially  as  the  weights  of  the  voussoirs  have  already  been  laid  off  along 
Ik  EK,  at  Ew  i,  v  2,  v  3,  w  4,  w  5,  etc. 

hea  fenm  the  point  where  O^E  prolonged  intersects  the  first  vertical  in 
Nir  number  x,  drew  a  (green)  line  to  the  second  vertical,  parallel  to  0^wi\ 
^  this  point,  a  (green)  line  to  the  third  vertical,  parallel  to  O^w  2  and  so 
I  The  last  line  should  pass  through  H.  Join  the  various  points,  where  these 
cut  the  joints  at  the  centers  of  pressure,  by  the  broken  (red)  line. 
line  drawn  is  the  line  of  resistance.  If  this  line  lies  entirely  within 
TBixo  of  the  arch-ring,  the  arch  may  be  considered  to  be  stable. 
that  the  line  of  resistance  passes  not  only  outside  of  the  middle 
abo  outside  of  the  arch-ring  itself;  it  is  still  possible  that  the  arch 
OBtable.    This  is  the  case  in  Fig.  12  and  we  will  next  determine  if  a 
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in  be  drawn  which  will  renuun  within  the  limiU  o(  the  mid 
;   the  conditioo  o(    Fig.  1! 


enters  it  again  at  S,  while  i 
(urthist  (mm  il  al  U.  U.  ai 
a  perpendicular  is  erected 
straight  line  joining  the 
points  R  and  5,  this  per] 
dii-utai  line)  H'.^ied  the  1 
or  raAcrVBE,  will  be  h|^ 
niatd>'  the  trace  of  the  p 
along  which,  with  the  lin 
resistante  under  considers 
the  arch  will  tend  to  fail, 
tumedly  by  turnikc  ove 
the  right  about  the  poin 
This  shows  that  the  tmbus 
TITE  CROWN,  assumed  tc 
applied  at  the  point  E.  whi 
sufficient  inten»ty  to  man 
equilibrium  about  H.  is  » 
sufficient  intensity  to  ti 
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line  of  the  middle  thi 
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■H  mst  be  fouDd  (Fig.  14).  The  prdiminary  steps  required  for  this  are 
•aae  as  before  until  the  seventh  voussoir  is  reached.  This  is  divided  into 
•  msEairs  by  the  line  VW  (Fig.  14),  one  being  w6  w6''  and  the  other  the 
inkr  of  this  seventh  voussoir,  and  this  division  must  be  allowed  for  along 
ikad-iioe  EK,  at  w6  w6^.  The  line  w6  w6^  represents  the  area  of  vous- 
16', and  the  line  1^6"  wj  the  area  of  the  remainder  of  the  seventh  voussoir. 
3le  vertifal  line  /£,,  iTassing  through  the  center  of  gravity  of  that  part  of  the 
{hnk  sbove  the  line  KH^,  is  found  by  prolonging  badiwards  the  line  kg, 
UU  toO«6^,  until  it  intersects  OE  at  L.  To  find  the  new  thkvst  at  the 
in  by  completing  the  trianole  or  forces  for  this  thrust  and  the  force 

tud  opposite  to  their  resultant,  the  inclined  (blue)  line  must  be  drawn 
k  the  point  X  and  the  horizontal  (blue)  line  through  w%^.  The  new  thrust 
pi  is  as  before  NM,  equal  to  O^E.  This  thrust  is  laid  off  at  O^E,  the  (green) 
II  (fv  I.  O^v  2,  O'Hr  3,  etc.,  being  drawn  as  before  and  the  new  line  of  re* 
Imz  bang  drawn  through  the  points  where  the  parallels  to  these  (green) 


r«. 
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15.     Line  of  Pressure  in  Loaded  Semicircular  Arch-ring 


I  est  the  joints.  This  new  line  of  resistance,  if  drawn  correctly,  should 
I  Ihrau^  X.  It  lies  within  the  middle  third,  except  for  a  short  distance  at 
VODging.  and  hence  it  is  justifiable  to  consider  the  arch  stable.  If  it  had 
fed  ootskle  the  middle  third  to  any  great  extent,  in  this  second  trial,  this 
iprion  would  not  have  been  justified. 

Ki  discussicm  explains  the  method  of  determining  the  stability  of  an  UN- 
RD  SEaocTRCULAR  ARCH.  Such  cases  very  seldom  occur  in  practice,  but 
rscrve  to  illustrate  the  methods  which  apply  generally  to  all  other  cases, 
k  LOADED  AKCH-RiNGS  there  IS  sUg^t  difference  in  the  method  of  determining 
lOBiian  of  the  center  of  gravity. 

fcBpIc    1.       A  LOADED  or  SURCHARGED  SEMICIRCULAR  ARCH  (Fig.  15)  Will  be 

Iferd  next.  Assume  the  same  arch  shown  in  Figs.  12,  13  and  14,  and  sup- 
il  to  be  loaded  with  a  wall  of  masonry  of  the  same  thickness  and  weight 
k^tfe  foot  as  that  of  the  arch-ring,  the  upper  surface  of  the  wall  being  an 
wA  i^ane,  i  ft  above  the  arch-ring  at  the  crown,  and  8  ft  above  it  at  the 
%   The  assumption  of  the  particular  load  in  this  case  is  a  purely  arbitraqr 
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one  for  the  purpose  of  illustrating  the  method  of  solution.  The  detennia 
of  the  ACTUAL  LOAD  that  comes  upon  an  arch  in  any  given  case  is  by  no  i 
easy,  so  numerous  are  the  uncertain  elements  that  affect  the  transmisat 
this  load  to  the  arch-ring. 

The  customary  procedure  is  to  assume  that  the  load  Is  itself  transmitted  t 
arch-ring  vertically  downwakd.  Each  voussoir  thus  receives  that  port 
the  load  which  is  included  between  two  vertical  lines  drawn  to  the  poo 
intersection  of  the  joints  on  either  side  of  that  voussoir  with  the  extrados. 
ing  made  this  assumption  it  is  necessary  next  to  determine  how  much  < 
total  superimposed  masonry  bears  upon  the  arch-ring. 

It  is  a  matter  of  common  observation  that  if  an  opening  b  made  in  a 
especially  in  a  wall  that  has  stood  for  some  time,  the  major  portion  of  the  nut 
above  this  opening  is  self-supporting,  limited  portions  only,  bounded  by  a  ] 
what  irregular  line,  falling  down  into  the  opening,  as  shown  in  Fig.  10. 

profile  of  this  boundary-line  depends 
the  nature  of  the  material  of  whid 
wall  is  constructed,  the  size  of  the  si 
bricks,  etc.,  the  character  of  the 
and  the  quality  of  the  mortar, 
being  the  case,  all  the  masonry  abo 
arch  should  not  be  considered  m 
load  on  it  Some  authorities  recom 
considering  as  the  proper  load,  for  I 
work,  a  triangular  part  of  the 
the  sides  of  which  triangle  have  a 
clination  to  the  horizontal  of  45^;  c 
assume  an  inclination  of  60°  (Fig. 
(See,  also,  Chapter  XV,  page  612.) 
exact  determination  of  this  loa< 
mechanical  laws  is  difficult  if  not  impossible.  It  is  better  to  consider 
case  separately  and  by  a  careful  study  of  the  conditions  to  determine  as  c 
as  possible  just  what  portion  of  the  weight  of  the  superimposed  masoi 
transmitted  to  the  arch.  Having  assumed  a  load  for  this  particular  arc! 
(Fig.  15),  the  procedure  is  as  follows: 

First  Step  of  Example  3.  This  involves  the  finding  of  the  center  of  ge 
of  the  arch-ring  and  load  combined.  Divide  the  arch-ring  into  five  von 
of  equal  size.  In  this  case  the  area  of  each  voussoir  is  equal  to  44.2  sq  ft-i 
S.8  sq  ft.  (Sec  under  First  Step,  Fig.  12,  preceding  example.)  The  sure 
or  load,  also,  is  divided  into  five  parts,  not  necessarily  equal,  by  drawiii} 
tical  lines  to  the  points  of  intersection  of  the  jointi  and  the  extrados.  Tl 
proximate  area  of  each  one  of  these  surcharges  is  found  by  multiplying 
the  sum  of  the  lengths  of  the  two  parallel  vertical  sides  by  the  length  < 
horizontal  distance  between  them. 

The  positions  of  the  center  of  gravity  of  each  voussoir  and  of  the  ccn 
gravity  of  each  vousscnr-surcharge  are  determined  as  in  the  preceding  en 
The  CENTERS  OF  GRAvmr  of  these  surcharges  can  be  found  by  dividinf 
TRAPEZOIDAL  FIGURE  into  TRiANGT.ES  as  shown,  remembering  that  then 
LINE  in  this  case  joins  the  middle  points  of  the  two  parallel  faces.  As  the 
are  vertical,  the  medial  lines  apnroach  a  horizontal  direction.  This  con 
tion  is  shown  on  surcharge  i^.  Fig.  15.  Having  drawn  the  iines  of  act 
the  weights  of  the  various  voussoirs  and  of  their  loads  through  their  resp 
centers  of  gravity,  the  lines  of  action  of  the  combined  weight  of  each  v« 
•nd  its  load  must  be  found.    The  construction  for  this  opeiatic^n  is  sbo 
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{)A  d  Fig.  15.      The  method  used,  that  of  the  equiubbium-polygon, 

leaxne  as  that  employed  in  the  previous  example  to  find  the  line  passing 

■1^  die  centci  of  gravity  of  the  half-arch*  only  in  this  case  the  forces  are 

fed  to  two.    Furthermore,  as  the  areas  of  the  various  voussoirs  are  equal 

f  fosabte  to  superimpose  the  dlfierent  force-diagkams,  one  over  the  other, 

i| stave  considerable  labor.    Begin,  therefore,  by  laying  off  along  the  line 

1  at  the  kit  of  the  loaded  arch,  and  at  any  convenient  scale,  fw,  the  area 

lljit]  d  a  voussoir;  then  from  w,  in  turn,  the  distances  w  i^,  w  2^,  w  3^,  etc., 

Itadag  the  areas  of  the  successive  surcharges,  i^,  2^*,  3*^,  etc.,  always  at  the 

■esok.   The  scale  to  be  employed  later  for  laying  off  the  combined  weights 

^voBssQirs  and  their  loads  along  the  line  ilX  is  the  best  one  to  choose,  but 

iffiecDce  in  scales  is  not  important.    In  this  particular  instance  the  two 

its  i'  and  5^  coincide  because  the  two  areas  i^  and  s**,  although  of  different 

9s,  are  each  equal  to  6.7  sq  ft.    This  is  a  mere  coincidence.    Next  draw 

f «d  4"  0"  at  45*  to  RS,  and  in  turn,  0"w,  0"i*,  0"2<*,  etc.    As  the  problem 

fiib  presents  itseU  is  to  combine  the  weight  of  each  voussoir  with  its  individual 

^ksgt,  and  as  the  weights  of  all  the  voussoirs  are  equal,  and,  furthermore, 

^fonn  which  are  to  be  combined  to  find  their  resultant  are  only  two,  the 

trxi-usas  or  rays  O"/  and  0"w  in  the  jorce-diagram  serve  in  each  case, 
^  rrwictXAR  POLYGON  is  reduced  to  a  triangle.  Draw  gh,  ik,  Im,  np 
In  paialkl  to  (y*w,  and  Af,  ku,  mv,  px  and  sy  parallel  to  0"/;  and  draw  gt, 
knudry  paraUd  respectively  to  0"i», 0"2'»,  0"3",  O'V  and  0"$''. .  The 
V^^  a,  t,  X  and  y  are  the  points  through  which  to  draw  the  heavy  (red) 
ka'actioa  of  the  combined  weights  of  the  voussoirs  and  their  surdiarges. 
piif  found  and  drawn  these  lines,  the  procedure  for  finding  the  line  IN  is 
faae  as  in  the  previous  example,  except  that  the  distances  Ewi  i'*,  wi  1°, 

f,  etc,  instead  of  being  equal  to  the  weights  of  the  voussoirs  alone,  are 
to  the  cximbined  weights  of  each  voussoir  and  its  surcharge,  Ewi  i**,  being 
|ilto/i*, »!  I*  to  V2  2"  being  equal  to/  2*  etc 

Ik  Eds  £0  is  drawn  at  45"*  to  AO*,  but  as  the  position  of  the  pole-point, 
iiotirdy  arbitrary,  the  line  Ow  5  5^  has  been  drawn  in  this  case  in  such  a 
r  dot  0  falls  well  over  toward  the  left  of  the  figure,  thus  avoiding  a  certain 
Wt  of  confusion  in  the  drawing  which  would  have  resulted  if  Ow  5  5^ 
laode an  angle  ai  45**  with  A(y.  The  lines  ab,  be,  ^i and  de  are  drawn  respec- 
pBcdkl  to  tvi  1^0,  W2  2*^0,  etc.,  and  eL  is  produced  backward  parallel 
5  5*  until  it  intersects  EO  at  L,  which  is  the  point  through  which  the 
(icd)  Ene  IS,  passing  through  the  center  of  gravity  of  the  whole  half-arch 
Isairdiarge,  should  be  drawn.  A  vertical  line  drawn  through  L  will  pass 
hK&  tile  center  of  gravity  of  the  arch-ring  and  its  load.    If  this  were  an  arch 

eior  a  buildxng  and  if  the  only  abutments  possible  were  of  such  size  and 
t  it  was  essential  for  the  thrust  exerted  by  the  last  or  fifth  voussoir  on 
eahttmoits  to  approach  more  nearly  the  vertical,  the  architectural  expedient 
neasiag  slight^  the  weight  of  the  surcharge,  s^*  on  this  voussoir  by  adding 
(pieoe  of  ornament,  such  as  a  cartouche,  could  be  resorted  to.  A  case  of 
iiid  in  actual  practice  is  the  archway  over  the  entrance  to  the  service-court- 
cf  the  Grand  Opera  House  in  Paris,  whece  the  pyramidal  stone  ornaments 
nnnoont  the  cornice  on  either  side  of  the  central  motive  were  added  after 
design  was  made,  with  this  end  in  view.  In  the  example  illustrated 
15  the  areas  of  the  faces  of  the  surcharges  are  shown  by  the  figures  on 
kos.  For  the  secr»nd  surcharge  from  the  crown,  for  example,  the  area 
iqft. 

Step  of  Example  3.    This  involves  the  determination  of  the  thrust 
dovM  and  the  Lons  of  resistance.    The  method  of  finding  this  thrust 
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Ikoovn  b  similar  to  that  employed  in  the  previous  example.  In  that 
^fc,  boirever,  it  was  found  that  this  thrust,  applied  at  E  and  determined 
mBm^Has  the  point  of  application  of  the  reaction  at  the  spring,  produced 
•flf  resistuice  which  fell  considerably  below  the  middle  third.  But  instead 
^Bcaaag  the  operations  required  by  a  second  trial,  as  in  the  previous  exam- 
leapedknt  b  tried  of  sKghtly  increasing  the  inclination  to  the  vertical 
It  }Aat)  line  IM,  and  so  assuming  a  somewhat  greater  thrust  at  thc 
■L  .\s  the  line  of  resistance,  as  shown  in  Fig.  15,  passed  with  this  thrust 
ft  bat  slightly  from  the  middle  third  near  the  springing,  we  are  justified 
mhg  that  thb  arch  is  stable  under  the  given  conditions.  The  method 
Ik  tUi  example  may  be  used,  also,  for  a  semieujptical  arch. 

MMt4*  This  example  (Fig.  17)  illustnUes  the  application  of  the  preced- 
prtlnds,  with  some  variations,  to  the  determination  of  the  position  of  th« 
tcf  gravity  of  a  loaded  segmental  arch,  the  thrusts  at  the  crown  and 
lad  tlie  Ihie  of  pressure  or  resistance  through  the  arch-ring.  In  this  case, 
Idef  (fividiag  the  arch-ring  into  a  certain  number  of  voussoirs  with  joints 
tki  bom  a  center  and  considering  the  surcharge  on  each  individual  voussoir* 
Ktbsxi  of  dividing  the  arch-ring  and  its  load  into  vertical  slices,  in  this 

C&et  wide,  and  computing  the  areas  of  the  entire  slices  has  been  adopted. 
Qooputed  the  areas  of  the  slices,  including  in  each  case  thc  combined 
itf  tbe  deed  part  of  thc  arch-ring  and  its  surcharge,  we  lay  them  off  in  order 
t£,  to  a  convenient  scale,  and  then  proceed  as  in  the  previous  examples, 
isaining  steps  required  to  determine  the  thrusts  at  the  crown  and  at  the 
liad  the  line  of  resistance  are  also  the  same  as  explained  in  the  foregoing 
pfhi.  In  a  flat  segmental  arch  there  is  practically  no  need  of  dividing 
tok^  kto  voussoirs  by  joints  radiating  from  a  center,  in  order  to 
■oe  its  stability.  Of  course,  when  built,  they  must  be  made  to  radiate. 
(17  shows  the  graphical  analysis  of  an  arch  of  40-ft  span  and  carrying 
dij4  ft  high  at  the  crown.  The  depth  of  the  arch-ring  is  2  ft  6  in.  It  is 
Ibt  the  line  of  resistance  lies  entirely  within  the  middle  third,  and  that 
■k  is  therefore  stable.  It  b  to  be  noted  that  the  line  of  resistance  in  a 
tau.  AicH  should  be  drawn  through  the  lower  or  innsr  edge  of  the 
ktinrd  at  the  springing.  It  is  to  be  noted,  also,  that  the  horizontal  thrust 
tcBown  and  the  thrust  T  against  the  supports  are  very  great  when  com- 
liitb  those  in  a  semicircular  arch;  and  hence,  although  the  segmental 
AdK  stxooger  of  the  two,  it  requires  much  heavier  abutments.  The  fore- 
[ounpks  serve  to  show  the  various  methods  of  determining  the  stability 
bets  of  any  arch  used  in  buildings. 
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CHAPTER  IX 

REACTIONS  AND  BENDING  MOBIENTS  FOE   BE^ 

By 
CHARLES  P.  WARREN 

LATE  ASSISTANT  PROFESSOR  Of  ARCmTECTtJRE,  COLUWBIA  UHIVERS 

1.    Reactions  for  Simple  Beams 

Definition  of  Reaction.  One  of  the  fundamental  principles  of  static 
rium  is  that  the  sum  of  all  the  forces  acting  upon  a  body  in  one  direction : 
balanced  by  the  sum  of  another  set  of  forces  acting  in  the  opposite  di 
Therefore,  in  the  case  of  a  beam  or  girder,  the  loads  acting  downward  i 
balanced  by  an  equal  set  of  forces  at  the  supports,  acting  upward.  Tl 
ward  forces  are  called  irrusts,  or  reactions  and  in  computing  the  i 
of  beams  one  of  the  first  steps  is  to  determine  them,  since  the  loads  are 
given  in  intensity  and  position. 

The  Principle  of  Moments.  The  reactions  may  be  determined 
application  of  another  fundamental  principle  of  static  equilibrium  fo 
acting  in  the  same  plane.    The  algebraic  sum  of  the  moments  of  all  th 


Fig.  1.     Simple  Beam.    One  Concentrated  Load 

taken  about  any  point  in  the  plane  in  which  they  act  must  be  zero.     Tbej 
OF  A  FORCE  about  a  point  is  the  product  of  the  magnitude  or  intensity  of  j 
by  the  perpendicular  distance  between  the  line  of  action  of  the  I 
point.     The  perpendicular  distance  is  called  the  lever-arm,  and 
the  center  of  moments.    Forces  acting  upward  are  considered 
those  acting  downward  are  considered  negative.    The  center  of  moi 
be  taken  at  any  point  in  the  plane  of  action  of  the  forces,  but  it 
convenient  to  take  it  at  one  of  the  reactions.     For  example,  the  beam 
supports  a  concentrated  load  P  at  the  distance  m  from  the  left  support.  , 
the  left  reaction  take  the  center  of  moments  at  the  right  reaction,     j 
equation  of  moments  is 

^i/  -  /»»  -  o. 


from  which 


JU  -  Pn/l 


Rcactiaiis  for  Beams 


823 


Ii  Bk  mumer.  to  find  Rt  the  center  of  moments  is  taken  at  Ri  and  the 
pODDof  moments  is 

R^^Pm  ^  o.  from  which  Rt  -  Pm/l  (i)' 

m  the  first  principle  of  statics  mentioned,  Ri-\-  R%  must  equal  P;  hence, 
%cfe^.  iPm,  0  +  iPm/0  -  P. 

kaplt  I.  Let  a  beam  15  ft  in  span  support  a  concentrated  load  of  700  lb, 
I fiaoi  the  kft  end;  or,  P  «  700,  m  -■  6  and  11-9.  Then,  from  Formula  (i). 
i»  (700  X  9)/iS  —  420  lb.  Rt  -  (700  X  6)/is  -  280  lb,  and  420+280  -  700  lb, 
fcr  a  ooncentrated  load  at  the  middle,  or  for  a  uniform  load  over  a  simple 
■L  it  is  evident  without  applying  the  conditions  of  equilibrium,  that  each 
tain  is  ooe-half  the  load,  for,  in  Formulas  (i)  and  (x)',  m  and  n  each  equal 
iMd  it  and  ^1 »  H  P. 

krmy  oamber  of  concentrated  loads  (Fig.  2)  the  reactions  may  be  found  by 
^  Msether  the  reactions  found  by  Formula  (i)  due  to  each  load  separately, 
^  may  be  computed  in  one  operation  by  the  jfollowing  formula: 


K- 


I     L 


Pf 


Fig.  2.     Simple  Beam.     Three  Concentrated  Loads 

h  find  the  right  reaction,  the  center  of  moments  is  talcen  at  the  left  support, 
Ithe  equation  of  moments  is 

Rd-PiMv -  P^m -  Pm%  -  o 
„       P\m\  +  Ptm%  +  Pimi 


/ 


(2) 


ifte 

k«f 


V  to  find  Rx  the  center  of  moments  is  taken  at  Rt  and  the  equa« 
Is  is 

Xi/ -  Pi»i  -  PtMs  -  Psm  -  o 


^1- 


/ 


(3) 


3.  Soppoee  the  beam  in  Fig.  2  is  so  ft  in  length.  Let  there  be 
K  ooacentiatcd  loads  of  500,  800  and  600  lb  placed  5,  9  and  1 2  ft  respectively 
itke  left  support.  Then  /«  90,  mi  -*  5,  nit  -  9,  mi  -  12,  P\  -  500,  P%  -  800 
|A  *  600.    Substituting  in  Formulas  (2)  and  (3), 

I  9       500XS-H800X9-H  600X12 

I  g^^  _ 845  lb 

I  20 

I  „      500X  IS-I-800X 11  +  600X8  _ 

I  Ri  - I  OSS  lb 

I  20 

I  500 +  800+ 600 -845 +  1055 -1 900  lb 
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To  find  the  reactions  for  a  combination  of  aniformly  distributed  and 
centrated  loads,  to  each  of  the  reactions  obtained  by  Formulas  (i)  or  (2)  fi 
ooQcentrated  loads,  add  one-half  the  distributed  load.  Thus,  suppos 
20-ft  beam  in  this  example  weighs  40  lb  per  linear  ft.  This  is  considerei 
uniformly  distributed  load  and  for  the  entire  beam  it  is  40  lb  X  20  >-  & 
By  the  rule,  one-half  of  this  is  added  to  each  reaction,  so  that  the  total  rea^ 
are, lis  -  845  +  400-  1  24s  lb  andRi-  1 055  +  4«>  -  i  455  ib. 

Example  3.  For  a  distributed  load  applied  over  only  a  part  of  the  span, 
Fig.  3,  assimie  the  load  to  be  concentkated  at  the  middle  of  the  pari 


'-m-4.5^ 


^ ^ 


4- — 


I 

I 


— m-5.5- 


— I 


I 

1 1 


w  -  60 1 ».  per  ft. 


•  1 


_  j-,o' J  « 


Fig.  3.    Simple  Beam.    Distributed  Load  over  Part  of  Span 

which  it  acts  and  use  Formulas  (i)  and  (i)'.  For  example,  let  w  (Fig.  3)  eqi 
lb  per  linear  ft,  applied  for  a  distance  of  5  ft  over  the  beam.  Then  W,  the 
load,  b  50  lb  X  5  -  350  lb.  This  may  be  assumed  to  be  concentrated  1 
center,  4.5  ft  from  the  left  support.  Then  P  »  250,  m  >  4.5  and  n^  $.$ 
from  Formulas  (x)  and  (x)', 

Ri -  I37-S  "> 


and 


Rt" 


10 

250X4  5 
10 


1 12.5  lb 


Therefore,  for  any  combination  of  concentrated  and  uniform  loads  distril 
over  the  entire  beam,  or  over  only  part  of  it,  find  the  reactions  due  to  the 
centrated  loads  by  Formulas  (i)  or  (2),  and  to  them  add  the  reactions  due  t 
Moiforroly  distributed  loads. 


2.    Bending  HomentB  in  CantUever  and  Simple  Beama* 

Definitions.  The  bending  moment  is  a  measure  of  the  tendencies  of  fon 
break  a  beam  by  bending  or  plexure.  Fig.  4  shows  the  manner  in  wli 
simple  beam,  supportied  at  the  ends,  breaks  when  subjected  to  a  load  gi 
than  it  can  bear.  The  effect  of  a  load  upon  a  beam  is  to  cause  it  to  SA 
BEND.  The  bending  of  the  beam  shortens,  or  compresses,  the  upper  fiben 
itretdieSi  or  elongates,  the  lower  fibers.    So  long  as  the  resistance  of  the  1 

'■*  Set,  also,  Chapter  XV,  pages  sss  to  564. 


laifiiie  Moments  in  Beams  for  DiSeTCDt  Kiods  uf  Loading    32^ 

^rtamg,  or  comprcsaiiHi,  and  to  Uretchint;,  or  lension,  ia  grealer  than 
tadeu;  o(  the  k»d  to  djwupt  tbem.  the  beam  carries  the  load;  but  when 
lad  oioa  t  greater  tensian,  or  compres«on.  on  the  tibers  than  they 
afiHe  ol  resUting,  the  beam  breaks.  The  stretching  of  the  fibers  beiore 
^iSonrs  thebeain  to  bend:  hence,  the  name  bending  movent  hai  been 
■  ID  the  [occes  aiusiiiKa  beam  to  bend  and  perhaps  ultimately  to  break. 


to  calculate  the  flkvurai.  strength  o?  a  beau,  it  is  necessary  to 

ifeuD,  lod  ^Konitly  ai  the  INTERNAL  FORCES  or  STRESSES  tending  to  resist 
flMt.'  The  extEmaJ  forces  tending  to  break  Ihc  beam  by  fleiure  ate  the 
HvUD  LOADS  and  the  upwabu  ieactions.  Elach  acts  with  a  leverage 
■Itethe  perpcodicular  distance  [rom  its  UNE  or  action  to  the  section  at 
Ulbcbeim  tends  to  break.  The  algebraic  sum  o(  the  moments  of  these 
toil  fanes  on  the  left,  or  right,  of  any  section  is  called  the  BENDING  UOMENT 
fbmtion.  since  it  is  the  momemt  or  the  resultant  or  tbe  torces  which 
ifctobaidthebeam  atthattectioD.  fttsgcDciaUy dcHgnatedhy if.  Then, 
k  ik  dcfinilioR,  the  BENDING  HOUENT  far  any  section  of  a  beam  resting  on 
t^spcrU  and  in  a  state  o(  flexure  under  a  load  or  loads  is  M  -  the  moment 
■ki  nactkia  minui  the  sum  of  the  tnoments  of  the  loads  between  that  reac- 
pudtlic  section.  The  moment  of  the  reaction  is  upward,  or  positive,  and 
f  MDMst  of  any  load  downward,  or 
■tnvi,  if  the  part  of  the  beam  on  the  lelt 
tti  lotion  i&  considered. 


Cms  I 

It  Osc  Kod  nd  Lo«d>d  with  a 


fcuiniun]  bending  moment,  at  wall  =  Pxl      cumted  Load  near  Free  End 
■afiag  raoinent  at  any  other  section  x  =•  Pt 

K*.    If  I  is  in  feet,  the  bending  moment  will  be  in  foot-pounds;   if  Ms  b 
Iti,  tlie  I'fKng  moment  will  be  in  inch-pounds. 

Cais  n 

k^  Knd  at  One  End  and  Leaded  with  a  DnifonDly  Diidjtmted  Load  H 

kl^em  bending  moment,  at  wall-l^xJ/i 
buy  other  section  t,  Jf  -  tn  X  x/i  -  W/i 
pk.    V-HJandw- theloadperunitoftength. 

ae  Internal  strenc*  and  of  ttie  resiitlng  momcAt* 
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Cub  m 

Baan  Fliad  Mi  Ona  Bud  uid  Loadad  with  Both  a  Cascantiatad  and  a  Dai 
DiMtibnMd  L<ud  (Fit  T). 
Mwuiaum  beading  moment,  it  wall  ••  PXlt+WX  Ii/i 


Cats  IV 
Bsam  Snppoftad  at  Both  Enda  and  Loadad  «rl 
Ulddla  <Fii.  ■). 

Mttiunum  bending  momeat,  under  the  load  -  PI/4 


Fit.  ^    Shnph  Beam.     Coottntiatiid  Load  at  the  Uiddk 


Cms  V 

Baan  Sofportad  at    Both  Bada   and  Loadad  with 

Uad  H'<n«.  t). 
Uaiinium  bending  moment,  at  tbe  middle  -  Wl/i 


Fig.  9.    Simple  Beam.     Uailonnly  Diitributed  Load 
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Cmm  VI 


^Sqtortad  *t  BathBndi  ud  LeadadwHha  Cimunti 
HhCKt-tO). 


Id  Lwd  Bot  al  &■ 


r%.  lU     Simple  B«u>.     CaoantnUd  L> 


hM  3«>nirtBd  at  Both  Bndi  and  Loaded  Symmtttlcalljr  with  Two  IvmI 
hunt  I  <  Load!  (Flf.  llJ. 

buHBDi  bendlne  moment  —  Fm  and  is  the  same  for  any  aectian  of  Che  bean 
no  Ihc  Lvo  [oads. 


n: 


ri(.  IL     SknpEc  Beam.     Two  ConceatnEed  lA(d<  BrmOKtricilly  niced 

bn  tine  exaoiples  it  wUl  be  seen  that  all  the  quantitiea  which  enter  ioto 
DBpalilion  of  the  bending  moDKait  are  the  toad,  the  spaa  and  the  diMaoce 
kpoint  of  application  of  the  load  fram  the  ecotei  of  momenta- 


Beam.    Diitributed  Load  ovct  Pan  cf  Spaa 

a  of  the  load,  if  *mH  -  Wmn/I  -  tVlj/S 
h  sand  a  are  equal  the  bcsdm«mama*t -(fX  1/4 -t^  Xli/S    ' 
«■  B  emit  apprmfmatel^  crwrvct  wTwn  m  iDd  ■  are  uiKfjiuT,     For  the  vract  tbIik, 
fX>,Eiaavkj.Hfe}G'i.) 

I 
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Bxuiiple4.    InFig.  12letfF-8oolb,fM*8ft,i>-  12  ft,/- 20  ft  and /t* 
Thea  tbe  bending  moment 

800X8X12     800X8         „         ^  ...  .    ^ 

— - —  -  3  840  —  800  »  3  040  It-lb,    or    36  480 

20  8 

Bxunple  5.    In  Fig.  12  let  m  >■  n  -  10  ft,  /  -  20  ft.  /i  >-  4  ft  and  FT  «>  6 
Then  the  bending  moment 

600X20       600  X  4  r*  ,u  .     n. 

«- —  -  3  000  —  300  "»  2  700  ft-lb,  or  32  400  m-lD 

4  8 

The  Bending   Moment  for  any  Case  Other  Than  the  Above  may  eaai 
obtained  by  the  graphic  method,  which  will  now  be  explained. 

4.  Graphic  Method  of  Determining  Bending  Momenta  in  Ben: 

Beam  with  One  Concentrated  Load  (Pig.  IS). 

The  BENDING  MOMENT  of  a  beam  supported  at  both  ends  and  loaded  wit 
concentrated  load  may  be  determined  graphically,  as  follows: 

Let    -P    be    the 

p-fit    y — » >j  applied  as  shown. 

by  the  rule  under  Ca 

the      MAXIMUM       BE 

MOMENT  is  under  th 
and  =  Pmn/l 

Draw  the  beam, 
the  given  span,  acci 
to  scale,  and  measun 
the  line  AB,  to  3.  m 
FOOT-POUNDS  to  the  ] 
INCH,  a  distance 
to  the  bending  ist 
Connect  B  with  eai 
of  the  beam.  To  find  the  bending  moment  at  any  other  point  o!  the 
as  at  0,  draw  the  vertical  line  y  to  BC.  Its  length,  measured  to  Xht 
scale  to  which  AB  \s  drawn,  will  give  the  bending  moment  at  o.  The 
DBCAD  is  called  the  benoing-moment  diagram  and  the  lines  BD  a 
are  called  influence  unes  for  the  trending  moments. 


Bending-moment  Diagram. 
L.oad 


W 

One  Concentrated 


F!g.  U.    Bending-moment  Diagram.    Two  Concentrated  Loada 


Two  Concentrated  Loads  (Fig.  li). 

To  draw  the  beading-moment  diagram  for  a  beam  with  two  concci 
taeds,  draw  tbe  doited  lines  ABD  aad  ACD^  giving  the  bending^uomb 
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■B  for  each  load  separately.    EB  is  laid  out  to  scale,  equal  to  Pmm/l  and 

:«|DiItoi^irj// 

Xk  beading  moment  at  the  point  E  is  equal  to  EB  (from  the  load  P)  +  Ek 

m  tk  load  Fi),  or  if  -  £B  +  £6  -  £Bi;  and  at  F  the  bending  moment  is 

fal  la  FC -{■  Fc  PC\.    The  bendikg-moment  di agrau  for  both  loads  is 

ICiOaod  the  maxivum  bending  moment  is,  in  thb  particular  case,  the  line 

EcEBttsored  to  scale. 

hiB  vilh  Aay  NnmlxY  of  Conceiitrate4  Loads  (Fig.  If.) 

hnceed  as  in  the  last  case,  and  draw  the  bbnding-moment  diagsam  for  each 

ri  sesBxately.      Make     AD^^  Ai-^  A2-\-Ai,    J9£ -  £i -f  B2  +  ^3    «id 


I  Fig.  15.     Bcnding-moment  Diagram.    Three  Conceatnted  Loads 

|-  Ci  +  C2  +  d.  The  figure  HDEPIH  will  then  be  the  BENnmo-iio- 
|b  DUcaAM  corresponding  to  all  the  loads.  The  bending-moment  diagkam 
a  beam  with  any  number  of  concentrated  loads  may  be  drawn  in  the  same 

r 

^  wA  a  Umfonnly  Distributed  Load  (Kg.  IC). 

)am  the  beam  with  the  given  span,  accurately  to  a  scale  as  before,  and  at 

aiddle  of  the  beam  draw  the  vertical  line  AB,  to  a  scale  of  a  certain  number 

lOOr-POUKDS     to  - 

I     UBIEAK       DICH,  ° 

il  to  ir//8,  from  ^^ 

a  V,  W  repcesent- 

Ifce  whole  distrib- 

lload.     Connect 

poat5C,B,l>by 

utABOLA  to  obtain 

MXKSSCr-MOMEST 

To    find 
mcmient 
■gr  point  a,  draw 
vertical  line  ab, 
it    to    the 


"#i 

^S 


Fig.  16.    Bcndiiig-moment  Diagram.     Distributed  Load  ovat 

Whole  Beam 

a  Kale  to  which  AB  is  drawn,  and  it  will  be  the  bending  moment  desired. 
jfcodi  for  drawing  the  paraboxa  will  be  found  in  Part  I,  page  79. 
|ta«  Loaded  with  Both  Distributed  and  Concentrated  Loads  (Fig.  IT), 
pdetermane  the  bending  moments  in  this  case,  combine  the  bkbidino-mokeiit 
m»MS  for  the  concentrated  loads  and  for  the  distributed  load,  as  shown  in 
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Fis.  17.  The  bending  moment  at  any  section  of  the  beam  will  then  be  lid 
by  the  line  ABC  on  top  and  by  the  line  CDEFA  on  the  bottom;  and  thei 
DtUM  BENDING  MOiiENT  wUl  be  the  bngest  vertical  line  that  can  be  di 

between     these 
boonding  lines. 

For  example, 
bending  moment 
is  BE.    The  poii 

1IAXIHX7M  BENOOM 

liENT  depends  upo 
position  of  the  coi 
t  rated  loads  and 
relative  magnituc 
the  distributed 
it  may  or  may 
occur  at  the  iiud( 
the  beam  or  unde 
of  the  concent 
loads. 

Bzu&ple    6. 

is  the  greatest  be 
moment  in  a  bea 


Fig.    17. 


Bending-moment    Diagram. 
ConccDtrated  Loads 


Distributed    and 


ao  ft  span  (Fig.  18),  loaded  with  a  distributed  load  of  8oo  lb,  a  concentrated  k 
500  lb  6  ft  from  one  end,  and  a  concentrated  load  of  600  lb  7  ft  from  the  otbei 

Sdtttkm.  (i)  The  maximum  bending  moment  due  to  the  distributed 
from  Case  V,  is  W//8,  or  800  X  20/S  -  2  000  ft-lb.  Lay  oflf  vertically  ov« 
middle  of  the  beam, 
and  at  any  convenient 
scale,  say  4  000  f  t*Ib  to 
the  inch,  Bi  =  2000 
ft-lb,  and  draw  a  parab- 
ola through  the  points 
A,  B  and  C.  (See 
page  79.) 

(2)  The  maximum 
bending  moment  for 
the  concentrated  load 
of  500  lb,  from  Case 
VI,  issooX6x  14/20, 
or  2  100  ft-lb.  Draw 
£a  Bi  2  100  ft-lb  to  the 
same  scale  as  Bi,  and 
then  draw  the  lines 
AE  and  CE. 

(3)  The  maximum  bending  moment  for  the  concentrated  load  of 
like  manner,  is  600  X  7  X  13/30,  or  2  730  ft-lb.    Draw  D^^  2  730  ft-ll 
connect  D  with  A  and  C. 

(4)  Make  EH  equal  to  the  distance  from  2  to  4,  and  DG  to  the  distance 
3  to  s,  and  draw  AffGC, 

The  MAxmuM  bending  moment  will  be  represented  by  the  longest  vi 
liue  whith  can  be  drawn  between  the  parabola  ABC  and  the  broken  line  A 
Tn  this  example  the  longest  vertical  line  which  can  be  drawn  is  Xy,  1 
'Ihould  scale  5  645  ft-lb. 


'■41 


'^ 


Fig. 


Bending-moment    Diagram. 
CoQoentrated  Loads 
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Ik 


of  the  line  Xy  is  determined  by  drawing  the  line  TTi  parallel 
t  to  ABC.    Draw  Xy  verticaUy  through  point  of  tangcncy. 


aa4  Beadinc  M oaaenta  for  Baama  with  Trlangiilar  Loading 
MMd  for  Baama  Flxad  at  Bath  Inda.* 

witk  Itiantalar  Loading  have  reactbns  and  bending  moments  as 


Sapportad  at  Botik  Bnds,  Fig.  19  (a) 


Ac  moment  at  any  point  *  Wx(  H — as  V3^^ 

BBsm  hmriing  moxnent,  at  center  -  Wl/6 


Sapported  at  Both  Ends,  Fig.  19  (b) 

Ri  "HW.Rt^HW 
fbg  Boment  at  any  point  » ( H'x/3) ( i  -  :fi/ft) 

bending  moment  (at  x  »  0.58  /)  »  .128  Wl 


A                     •¥                         ^ 

^--^ 

w 

^1         (6) 

4 

CaatilaTar  Beam,  Fig.  If  (c) 

f&m:  Ri  -  W 

Aeg  moment  at  any  point  •-  Wx*/^  I* 

bending  moment  (at  Ri)  *  Wl/i 


of  Caaao  lY,  ▼,  and  VI,  With  Ftzwl  Bad8»  P«-  !<>•  Triugolar  Load- 
I  nacxioos  and  bending  moments  as  follows:  ^  ^  Beans 

1 1¥  A.    Beam  Fixed  at  Both  Bnds,  with  a  Concentrated  Load  P  at  the 

Middle  (Fig.  S) 

Ead-reactioiis:  Ri  »R^  w,  ^P 

3laximum  podtive  bending  moment,  under  the  load  *  Pl/S 
Madmum  negative  bending  moment,  at  ends  ■>  Pi/S 

iTA.    Beam  Fixed  at  Both  Ends,  with  a  Uniformlj  Dlstribatod  Load  W 

(Fig.  ») 
End-reactions:  Ri  "  Rt  ^  HW 

ICaximum  negative  bending  moment,  at  ends  »  117/ 12 

Blaiimmn  positive  bending  moment,  at  center  •  Wl/24 

» fl  A.    Boam   Fixed   at   Both  Ends,  with   a    Concentrated    Load  P  at 
BiHHca  m  from  Loft  Bnd  and  Distance  n  from  Right  End    (Fig.  10) 

Kid-reactions:    Ri  -  PnHs  «  +  n)/P;    Rt  -  PmHs  n  +  m)//» 
ICaximum  bending  moment,  negative ,  at  left  end,  J/|  -  Pmn*/l* 

at  light  end,  Mt  *-  Pm*n/l^ 
Beadfaig  moment  under  load,  positive  «  Rim  —  Mi 

*  Fkom  notes  by  Robins  Fleming. 
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CHAPTER  X 

PROPEftTDSS  OF  CROSS-SECTIONS  OF  SfmUCTCJfl 
SHAPES.    MOMENT  OF  INERTIA,  MOMENT 
OF  RESISTANCE,  SECTION-MODULUS, 
AND  RADIUS  OF  GYRATION 

By 

CHARLES  P.  WARREN 

LATE   ASSISTANT  PROFESSOR  OF  ARCHITECTURE,   COLUMBIA   UNIVERST 

1.  The  Properties  of  Crosa-SectioiiB 

The  Moment  of  Inertia.  The  strength  of  a  cross-section  to  resist  sJ 
In  either  a  beam  or  a  column,  depends  not  only  upon  the  area  but  alsi 
the  form  of  the  cross-section.  The  parts  of  the  cross-section  farthest  fn 
neutral  axis,  which  always  passes  through  the  center  cf  gravity  of  the 
section,  are  much  more  efficient  in  resisting  bending  stresses  than  tho» 
adjacent  to  the  axis;  so  that  some  mathematical  expression  must  be  ol 
that  will  represent  the  efficiency  ot  the  entire  cross-section  to  resist  b 
stresses  when  compared  with  that  of  any  other  cross-section.  This  exprc 
called  the  Moment  of  Inertia  and  is  usually  designated  by  the  letter  X. 

The  Moment  of  InertU  of  any  cross'section  may  be  de6ned  as  the 
the  products  obtained  by  multiplying  each  of  the  elementary  areas  of  wU 
section  is  composed  by  the  square  of  its  normal  distance  from  the  neuti 
of  the  section. 

By  an  elementary  area  is  meant  an  area  smaller  than  any  dealt  \ 
simple  mathematics,  and  it  is,  therefore,  impossible  to  find  an  exact  exp 
for  the  moment  of  inertia  of  a  cross-section  by  such  methods.  By  means 
calculus,  however,  exact  formulas  have  been  deduced  from  which  the  m 
of  inertia  of  simple  geometrical  forms,  such  as  rectangles,  triangles*  circle 
may  be  found,  with  respect  to  different  axes. 

The  neutral  axis  of  the  cross-section  of  a  beam,  girder,  column,  etc, 
is  in  a  state  of  flexure,  is  the  line  on  which  there  is  neither  tension  nor  co 
sion  in  the  fibers,  and  when  the  unit  stresses  do  not  exceed  the  £lastic  l 
the  material,  it  can  be  shown  that  this  neutral  axis  passes  through  the  cen 
gravity  of  the  cross-section.  The  normal  distance  of  the  extreme  fibers  fi 
neutral  axis  is  usually  designated  by  the  letter  c  or  the  letter  y.  Xhe  £01 
used  in  the  notation  of  this  book. 

Since  for  all  sections  except  squares  and  circles,  there  are,  in  general,  tn 
tral  axes  corresponding  to  the  more  conmion  positions  of  the  sections,  it  J 
that  there  are  also  two  moments  of  inertia  commonly  used;  for  a  rectaqj 
example,  a  greatest  moment  of  ii^ertia  about  an  axis  perpendicular 
long  side  and  a  least  moment  of  inertia  about  aa  axis  perpendicular 
short  side.  The  moments  of  inertia  of  the  cross-sections  of  all  rolled 
have  been  calculated  and  are  tabulated  in  the  manufacturers'  handbooks, 
for  example,  the  moments  of  inertia  of  the  cross-section  of  a  12-in,  31.5-lbI 
with  respect  to  axes  perpendicular  to  the  web  and  parallel  to  the  web.  an 
Table  IV,  equal  to  215.8  and  9.5  biquadratic  inches  respectively.  Formu 
calculating  the  moments  of  inertia  of  other  simple  sections  are  given  1 
following  pages. 
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fti  Moaeiit  of  Retfistance.  In  Chapter  DC,  under  the  chapter-subdlvi- 
liCBtQg  of  the  BENDING  MOMENTS  in  beams,  page  335,  it  was  stated  that 
mia  to  calculate  the  flexural  strength  of  a  beam  it  is  necessary  to 
■In  the  nature  and  extent,  first,  of  the  external  forces  tending  to  break 
ekua  by  flexure,  and,  secondly,  of  the  internal  forces  or  stresses  tending 
rapture.  The  external  forces  cause  the  bending  moments,*  and  the 
stresses  the  moments  of  resistance,  at  the  various  cross-sections  of 


t 


tk  inMEKT  OF  RESISTANCE  or  the  resisting  moment  at  any  cross-section 
tbcam  is  the  algebraic  sum  of  all  the  moments  of  the  internal  horizontal 
■B  ia  that  section  with  reference  to  a  point  !n  that  section.  ttMs  usually 
■nted  by  the  expresaion  SZ/r,  in  which  5  Is  the  horizontal  unit  stress, 
dior  compressive,  as  the  case  may  be,  upon  the  fiber  moat  remote  from  the 
ttil  XDs  of  the  section,  and  called  the  riBER-STRESs;  /  is  the  moment  of 
KBk  of  the  area  of  the  section  with  reference  to  the  neittral  axis;  and  e 
tsfaoKtest  di<fyTif^  from  the  most  remote  fiber  to  that  axis.  Since,  for 
■kiiiB  of  forces  and  stresses  at  any  croe&-aection  of  a  beam*  the  bending 
■St  equals  the  resisting  moment  for  that  section,  if  M  represents  the  bend- 
UoBist  we  have  the  equation 

M'Sl/c  (i) 

tB  known  as  the  flexure  formula  and  is  universally  used  for  invest!-) 
the  flexural  strength  of  beams, 
it  Scction-Moduliis  or  Section-Factor.  That  expression  T/c  in  the  abpvd 
■L  6  generally  known  as  the  SEcnoN-MODTTtUS  or  SECTION-factor. 
MBOtity  for  the  principal  rolled  sections  is  given  in  Tables  IV,  V,  VI,  VII^i 
I XI.  XII,  XIII  and  XIV.  Corresponding  to  the  two  momenta  of  inertiaj 
ni&y  esed  for  all  sections  (except  for  squares  and  circles)  there  are  twd 
■Modufi  also,  one  for  each  axis.  Thus,  the  section^modulus  of  the  12-in 
ft  I  beam,  with  respect  to  a  neutral  axis  perpendicular  to  the  web,  is 
^  215^6  —  36;  and  for  the  axis  parallel  to  the  web,  it  is  T/c  =  9.5/2.5  -  3.8, 
:itker  shapes  the  section-modulus  may  be  found  by  dividing  the  moment  of 
tk  h^  the  normal  distance  of  the  extreme  fiber  from  the  neutral  axis. 

ii  Sadhn  of  Oyratioii.  The  effect  of  the  form  of  the  cross-section  of  a 
iBflo  its  strength  is  determined  by  a  quantity  called  the  Radius  of  Gyra- 
i^«ych  is  as  necessary  in  the  determination  of  the  strength  of  a  column  as 
jMiiii  nr  of  inertia  is  in  the  determination  of  the  strength  of  a  beam.  It  i^ 
Ned  by  the  letter  r.  The  value  of  the  radius  of  gytation  for  any  section 
^■*wm<^  by  the  formula 

fVj/A  (2) 

> 

U  /  is  the  MOMZKT  of  inertia  of  the  section  and  A  the  section-Ihrea. 
liBSUB  or  OYKATION  is  the  ndnnal  distance  from  the  neutral  axis  to  the 
fa  or  GYRATION,  and  the  center  of  gyration  of  a  section  is  the  point  where 
■tire  area  might  be  concentrated  and  have  the  same  momenC  of  inertia 
Ractnal  distributed  area.  The  radius  of  gyration  of  a  section  is  a  distance 
k  ii  always  less  than  the  distance,  c,  from  the  neutral  axis  to  the  remotest 
;  For  the  two  moments  of  inertia  above  referred  to,  and  commonly  used, 
^are  two  corresponding  radii  of  gyration.  The  least  of  these  is  the  one  to  be 
fa  the  investigation  of  the  strength  of  a  column  as  it  is  referred  to  the  axis 
ilwych  the  column  is  most  likely  to  fail.    The  radii  of  gjration  of  the  rolled 


*  See  Chapter  IX,  page  335,  for  definition  of  "bendmg  moment. 


n 


334 


Properties  of  Structural  Shapesy  etc 


Chai 


afiapM  are  given  in  the  tabloa  of  the  properties  of  8ections»  mentioniwi  a 
For  the  la-in  31.5-lb  Z  beam,  r  «  4.83  io  and  r' «-  z.oz  in.  The  radius  of  gyi 
of  any  other  section  may  be  found  by  Formula  (3). 

Formulas  for  the  moments  of  inertia,  radii  of  gyration  and  section^n 
of  the  principal  elementary  sections  are  given  on  the  following  pages.  ] 
case  of  a  hollow  section  or  a  section  with  a  reentering  hollow  part,  the  nu 
of  inertia  of  the  hollow  part  is  to  be  subtracted  from  that  of  the  endosiog 
Moments  of  inertia  when  referred  to  the  same  axis  can  be  added  or  subti 
Uke  any  other  quantities  which  are  of  the  same  kind. 

X.  Areas,  Moments  of  Inertia,  Section-Moduli  and  Radii  of 
Gyration  of  Blamentary  Sactiooa 

/  «  the  moment  of  inertia 
lie  « the  section-modulus 
f  «  the  radius  of  gyration 
A  ■•  the  area  of  the  section 
c  ■■  the  normal  distance  of  most  remote  fiber  from  neutral  azi 

The  position  of  axis  referred  to  in  each  case  is  represented  by  the  broki 

X—  I. 
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iOLLOW  RECTANGLE  AND 

I  BEAM 
jJs  of  moments  througli  center 
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TRIANGLE 
Axis  of  moments  on  iMwe 
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TRAPEZOID 

Axis  of  moments  throusfa 
eenter  of  grsylty 
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y 5. 


2 


12 


C 


r — 


13 


0.408348  d 
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d{hi  +  2h) 


'ci 


/- 


(P(6»  +  4**i  +  fti*) 


ION: 
3(6- 


36(i»-ffci) 


12  (61  +  26) 
6(6  +  W 


*  To  find  c  and  c%,  see  Chapter  VI.  page  395. 
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*  To  find  the  valuM  of  f  and  Cg,  lee  Chapter  VI,  page  295. 
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center  of  gravity 
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*  To  find  c  and  ci,  see  Chapter  VI,  page  295. 

S.  Transferring  Moments  of  Inertia  to  Other  Parallel  Axet 

Explanation  of  Formula.  It  is  often  necessaiy  to  determine  the  m 
of  inertia  with  respect  to  some  other  axis  than  the  one  passing  thzom 
center  of  gravity  of  the  section,  such,  for  example,  as  one  passing  throu; 
base  and  parallel  to  the  other.  Suppose  it  is  desired  to  find  the  moment 
ertia  of  a  rectangle  about  an  axis  passing  through  the  lower  base,  as 
second  figure  on  page  335*  It  may  be  demonstrated  by  the  prindi 
mechanics  that  the  moment  of  inertia  of  any  section  with  respect  to  an 
is  equal  to  the  moment  of  inertia  of  the  section  with  respect  to  a  parall 
through  the  center  of  gravity,  plus  the  product  of  the  area  of  the  secticm 
plied  by  the  square  of  the  normal  distance  between  the  axes.  This  rule  x 
expressed  by  the  formula 


<LaTf 
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iVdi  h  h  the  required  moment  of  inertia,  /  the  moment  of  inertia  of  the 
tioD  mth  respect  to  the  axis  through  its  center  of  gravity  and  paraUel  to  the 
Biixb;  a  the  area  of  the  section  and  k  the  normal  distance  between  the  axes. 
B  dsis  it  is  seen,  that  the  moment  of  inertia  of  any  section-area  is  less  for 
■a  throng  its  center  of  gravity  than  for  any  other  parallel  axia^ 
h  emnple,  consider  the  rectangle  shown  on  page  sss,  of  breadth  b  and 
|A  i»  the  /  of  which  is  known  to  be  b<^/i2  for  an  asia.passing  through  the 
pa  of  pavity  and  paraUel  to  the  base.    Then,  for  . 

mfid  ans  through  the  base,  the  above  formula  1 

m  "i"i — ^ 

&■  the  moment  of  inertia  of  the  cross-section  |  %J|, 

k  itfd  angle  shown  in  Fig.  1,  about  the  axis         ^^  3 

r,  ii  equal  to  the  moment  of  inertia  about  the  |  ^, 

I IX  phs  the  product  of  its  area  multiplied  ts  i 

¥.  The  moments  of  inertia  for  the  sections  of 
rtaacianl  rolled  shapes  of  structural  steel  may 
hmd  from  the  tables  given  in  this  chapter.  The 
taoe  ct,  also,  may  be  found  frvmi  the  same  tables;  , 

dbtance  subtracted  from  d  will  give  the  i   i 

k  of  Formula  fa).  ^*"^ 

..  K,  for  example^  that  it  is  desired  to  find  the  ^«-  ^-  Moment  of  Inertia 
U  of  inatia  of  the  croewection  of  a  4  by  3  ^"**'***^  "^  ^^^ 
\ik.  aag^  plaoed,  with  tlie  long  leg  horizontal,  Angle 
itaa  axis  UN,  12  in  from  the  back  (Fig.  1).  Turning  to  Table  XI.  the 
(flf  the  aocle-aection  *-  3.25  aq  in.  /,  the  moment  of  inertia  of  the  angle- 
Im  aboot  an  axis  2-2,  or  XX  of  Fig.  1,  parallel  to  the  long  leg  »■  2.4,  a,  the 
■oe  of  this  axb  from  the  back  of  the  long  leg  *  0.83  in  and  A,  the  distance 
KB  the  axes  —  (^  —  ci)  -■  12  —  0.83  in  -•  11.17  in.  Substituting  these  values 
(3) 


n 

I 
I 

I 


Ji-  24 +  3.25X11.17" -24 +  405-50 -407-9 

4.  Moments  of  Inertia  of  Compound  Sectiona 

he  Homeot  of  Inertia  of  a  Compound  Section  made  up  of  a  number  of 
kr  sections  may  be  found  by  the  same  formula,  /i  —  /+  i4A*.  Denote  the 
fit  1HK  MOMEMTS  OT  iNESTiA  of  the  Separate  aectkos  making  up  the  com- 
d  Kction,  with  respect  to  an  axis  through  the  center  ol  gravity  of  that 
9^  hf^  JSIu    Fonnida  (3)  then  becomes 

2/i-2(7  +  XA«)  (4) 

■C  is,  to  find  the  moment  of  inertia  of  any  compound  section  made  up  of 

i^  of  smaller  sections: 

t  ^nd  the  moment  of  inertia  of  each  of  the  smaller  sections  about  an  axis 

H  thrcogfa  its  own  center  of  gravity  and  parallel  to  the  neutral  axis  of  the 

nBad  section ; 

I  Msitiply  the  area  of  each  of  the  smaller  sections  by  the  square  of  the  dis< 

^veen  its  center  of  gravity  and  the  center  of  gravity  of  the  whole  figure; 

Udd  the  results  found  by  (i)  and  (2)  for  the  moment  of  inertia  of  the 

!%are. 

JTcample,  consider  the  cast-iron  beam  or  lintel  shown  in  section  in  Ffg.  2: 


m 
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^i)  /  of  upper  flange-section 
/  of  web-section 
/  of  lower  flange-section 
Total 

(2)  i4A^  for  the  upper  flange 
Affiior  the  web 
A¥  for  the  bwer  flange 
Total 


-4Xi'/xa-Ma 
-IX  183/12 -5 83V" 

-  i6XiVia-iM2 

-  5  852/12  «  487.6 

-4X(i2.5)»-62S 
-ii8X3«-i62 

-  16  X  (6.5)«  -  676 
-1463 


(3)  Total  of  (x)  and  (2)  -  487.6  -h  i  463  »  /i  of  compound  section  •-  x  9. 

The  moment  of  inertia  of  the  cross-section  of  any  compound  beam,  then 
can  gtoerally  be  readily  found  by  using  the  tables  of  properties  of  sections  1 
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Fig.  2.  Moment  of  Inertia 
of  Cross-section  of  Cast- 
iron  Lintel 

give  the  numerical  values  of  / 
for  the  various  rolled  shapes  of 
which  the  beam  is  composed, 
with  respect  to  the  axis  through 
the  center  of  gravity. 

The  Momeat  of  Inertia  of 
a  Single- Web  Girder-Section. 

Consider,  for  example,  the  single*        ^ 

web  girder  shown  in  section  in    Fig.  3.    Moment  of  Inertia  of  Cross-sect: 
Pig.  3,   and   made   up   of   one  of  Plate  Girder.    No  Flange-plates 

H  by   24-in  web  and  four  4 

by  3  by  H-in  flange-angles  with  the  long  legs  placed  horizontally, 
ing  to  Table  XI,^  the  moment  of  inertia  of   the  cross-section  of    o 
these  angles   about  an  axis  XX   (2-2  in  the  table)   parallel    to   ttac 
leg  —  2.4,  and  the  distance  of  this  axis  from  the  back  of  the  long  leg  (jr 
table)  »>  0.83  in;  hence  h,  the  distance  between  the  axis  of  the  ang]e-«i 
and  the  axis  of  the  girder-section-  12  —  0.83-  11.17  in.    A^  from  th^ 
—  3.25  sq  in.    The  moment  of  inertia  of  the  cross-section  of  each  ang^et 
the  axis  of  the  girder,  therefore,  from  Formula  (3),  is  7i  -  2.4  -f-  3.25  X  (xt-' 
^07  9;  and  for  the  four  angles  -  163 1.6.    Since  the  axis  of  the  cross-sec^ 


ftopeities  of  Structunl  Shapes,  etc. 


841 


inbiilate  is  coiDcideiit  with  the  axis  of  the  section  of  the  girder*  its 
Mot  of  inertia  —  fr^/i a  -  HX  (24)'/i2- 576.  This  may  be  fottod 
KiJj  from  Table  I.  page  346,  Moments  of  Inertia  of  Rectangles.  The 
■at  of  inertia,  therefore,  of  the  section  of  the  compound  girder  «  163 1.6 
g6>  2207^. 

Iki  Hament  of  InertiA  of  a  Section  of  a  Compoond  Girdor  with 
mPlatei  is  found  in  the  same  way»  except  that  the  moments  of  inertia  of 
^sdioits  of  the  flange-plates  with  respect  to  the  axis  of  the  girder-section 
the  added  to  the  moments  of  inertia  of  the  cross-sections  of  the  other 
yboi.    The  girder  in  Fig.  4  is  com- 


dd  one  30  by  H-in  web-plate,  four 
jiby  M«-in  angles,  with  the  longer 
I  kiriaootal,  and  two  la  by  H-in 


C 


.£^ 


J^ 


I 


(-  /i)  for  crass-section  of  web  (from 

Tihle  I.  page  346)  -  843-75 
i  br  each    angle-section- /+-^ A* 

(Formula  3) 

bn  Table  XI.  for  each  flange-angle^ 
16^  i  a  4.75  and  the  perpendicular 
laoe  from  center  of  gravity  to  back 
bof  ks»  1. 10  in.  Hence  A-  15  — 
>-  1J.90  in.  /i  =-  6.6  -h  4.75  X 
|b)'«  924.35;  and  for  four  angles 
|<I74.  /  for  the  cross-section  of 
^itwgpphte*  iaX(»i)*/i3*o.iaS, 
»HX  12  -  6  sq  in  and  A  »  15  +  H 
IMS  io-  For  each  flange-plate,  then, 
>o.i25  +  6  X  (iS-25)*  -  I395-I2S; 
far  the  two  plates*  2  790.25.  The 
■at  of  inertia  for  the  cross-section 
ht  whole  girder,  therefore,  with 
mot  to  the  horizontal  axis  passing 
9^  the  center  of  gravity  of  the 
■  -  843.75  -I-  3  697-1  +  2  790.25  » 

(4. 

id  be  noticed  that  the  moments 

Mia  of  the  crosa-sections  of  the  flange-plates  and  angles  about  their  own 

ai  axes  is  so  small,  compared  with  their  moments  of  inertia  about  the 

■I  zris  of  the  girder-section,  that  they  might  be  onutted  without  any 

nafale  error.    Therefore,  in  calculating  the  moments  of  jnertia  for  riveted 

B^  it  13  the  custom  of  many  engineen  to  let  h  «  Alfi  for  flange-plate  and 

(tBcoons.    In  that  case,  for  the  girder-section  in  Fig.  4, 
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^nc 


1.M 


..o. 


Fig.  4.  Moment  of  Inertia  of  Cross- 
section  of  Plate  Girder  with  Flange* 
pbtcB 


7  for  web 

/i  for  angles  «  A^ 

Jx  for  flange-plates  - 


Ah^ 


-  843.75 
1-3671.00 
m  a  790.00 


Monamf  of  inertia  of  entire  girder-aection  «  7  304.75 


of  Inortift  of  a  Soetion  of  a  Box  Olrder.    Let  the  box 
Fig.  5  be  composed  of  two  H  by  30-in  webs,  two  16  by  H-in 
lour  4  by  3  by  H-in  angles  with  the  long  legs  horiaontal. 
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Fig.  5.  Moment  dC  Inertia  of 
Cross-section  of  PUte-and-angle 
Box  Girder 


Fig.  8.    Moment  of 
of  Cross-sectioD  of 
and-channel  Box  ( 


/  for  each  flange-plate  -  b^/i^  - 16  x  (H)Vi^  "  o.i6;  X  -  fi  x  x6  m  -  8 
and  jk-  is-l-H-  15-25  in.    /i-/+ v4*«- ai6-J-8x  (1525)'-  1860.64; 

for  the  two  flange-plates,  3  721.28.  /  for 
^ngle  •  2.4,  i4  «  3.25  and  the  distance  £roi 
back  of  the  long  leg  to  an  axis  througl 
center  of  gravity  of  the  angles  paraUel  I 
long  leg  »  o33  in;  so  that  Ai  •>  15  ~  a.83  -■ 
in.  /i  for  the  four  angles  is  (4  X  ^a)  -t 
3*35)  X  (X4>i7)*  ■"  2  619.  /  for  each  web  C 
h  pa^e^  346) »  843.75  and  tor  the  two 
«  1  687.5.  The  mo- 
ment of  inertia,  there- 
fore, for  the  entire 
girder-section  — 
3  721.28  -f  2  619  + 
1  687.5  -  8  027.78. 

The  Moment  of 
Inertia  of  the  Sec- 
tion of  a  Channel 
Box  Coltamn.  fig. 
6  sho?rs  the  cross- 
section  of  a  column 
made  up  of  two  lo-in 
15.3-lb  channels,  set 
6.33  in  apart,  back 
to  back,  and  two  H  by  12-in  side  plates.  Let  it  be  required  to  fia 
moment  of  inertia  of  the  section  about  the  two  axes  AB  and  CD. 

(i)    Find  the  moment  of  inertia  about  the  axis  AB.    I,  for  one- of  tl 
plates  with  respect  to  an  axis  through  its  own  oesAec  of  gravity  and  pan 

i45-I2X(W)Vl2**O.I25, 

i4  -  Vi  X  12-ui  -  6,sq  in  and 
the  distance  of  its  center  of 
gravity  from  ABls  5.25  in. 
Therefooe,  with  respect  to 

^B,/i- 0.125 -}-6x(5-25)* 

-  165.5.  The  moment  of 
inertia  of  a  lo-in  15.3-lb 
channel  with  respect  to  an 
axis  through  its  center  of 
gravity  and  perpendicular 
to  the  web  (Table  VUI, 
page  359)  «  66.9.  Hence 
the  moment  of  inertia  of 
the  whole  column-section 
with  respect  to  the  axis  AB 

-  (2  X  165.5)  +  (2  X  66.9) 

-  464.8. 
(2)   Find  the  moment  of 

inertia  about  the  axis  CD,  /,  for  one  of  the  side  plates  (Table  1 
346)  -  72.  /,  for  one  of  the  channels  with  respect  to  an  axis  paralld 
web  »  2.30,  A  «4*47  and  the  distance  of  the  center  of  gravity  bonok  tl 
of  the  web ■•0.64  in,  approximately.  Hence  A -•3. 165 +0.64  «« 3 
/i»2.30+4«47X  (3.8)* -66.8  and  the  moment  of  inertia  of  the  whole  < 
section  with  respect  to  the  axis  CD -(2X72)-!- (2  X 66.8)  -  277.6. 


F!g.  7. 


Moment  of  Inertia  of  Cross-section 
web  Plate-and-ongle  Box  Column 
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Iki  Moaent  of  laortU  of  the  Soctioa  of  «  Heavy  PUte-and-Angltt 
Nbl  Fig.  7  shows  the  cross-section  of  one  of  the  basement-columns  in 
Jtates'  Tnist  Company  BuUdinft  New  Yock  City.  It  h  nmde  op  of  \s\x 
^ikiOt  each  27  by  H  ia  section;  two  flange^plates,  each  a?  by  ^H*  in) 
rlu«»«ngies»  each  6  by  6  by  >M«  in;  eight  outer  web-plates»  each  iS  by 
is;  bir  web-angles*  each  6  by  3^  by  *^«  ia;  and  two  mickile  web-platca 
kx8  fagr  9i«  in.  What  is  its  moment  of  inertia  of  the  entire  coluam-fiection 
bKVKt  to  the  ans  iiB? 

/breach  37  by  N-in  flange-plate  (Table  I)  «  i  330.19 

I  far  SIX  37  by  H-in  flange-plates  -  i  330.19  X  6  -  7  381.14 

/far each  37  by  t Mt-m flange-plate  (Table  I)  «  1 137.67 

ifortvo  37  by  iHo-in  flange-plates  -  x  137.67  X  3  -  2  355.34 

i  far  both  flanges  963648 

te  the  flange-angles  (Table  XIT,  page  366)  the  area  of  a  6  by 
f^Ht-m  angles-  10.37,  its  /  with  respect  to  an  axis  parallel  to 
)(p^7)  and  passing  through  its  center  of  gravity  «  33.7  and 
i&tiace  of  thb  axis  from  the  back  of  the  leg  ■■  1.84  in.  Its  h 
inspect  to  the  axis  AB  h  found  by  Formula  (3),  page  338, 
•/+  Alfl.    k  -  13.5  —  (o.x  3  +  4.16)  -  the  distance  from  the  axis 

tthe  parallel  axis  through  the  center  of  gravity  of  the  angle 
t  a.  Hence,  substituting  in  Formula  (3), 

^  /i- 33-7+ io.37X(9.22)'- 915.15 

'  /i  for  the  four  flange-angles  -  915-15  X  4  »  '3  fl6o.€^ 

wA  mtfer  web  is  4  x  ^H*  in  «  3fi  in  thick.    Hence  the  /  (or 

^  oster  web  about  the  horizontal  axis  through  its  center  of 

P«y  »  i8x  (a.75)»/ia  -  3i.a.     X  »  x8  by  3.75  in  -  49.5  sq  m. 

ftfrtaace  from  its  center  of  gravity  to  the  axis  i4B  is  13.5  ~  (x.38 

\M4  +  4.16  +  o.ia)  «  6.01  or,  say  6  in. 

htm  Fonnula  (3),  therefore,  /i  -  31.3  +  49.5  X  6'  -■  i  813.3  and 

kA  outer  webs  /i »  x  8x3.3  X  3  -  3  636.4 

bi  tlie  iour  wcb-angles,  from  Table  XI,  page  3631  the  area  of  a 

riH  by  >M«-in  angle  —  8.03,  its  /  with  respect  to  an  axis  through 

■Rter  of  gravity  and  parallel  to  the  long  leg  -  6.9  and  the  dis- 

ir  ef  this  axis  from  the  back  of  the  bng  leg  >^  0.99  in.    A,  the 

■Plai  ^^j***"**^  between  the  two  axes  «  H»  in,  or  0.5635  in 

fttackMas  of  one  of  the  middle  web-plates)  -I-  0.99  -  1.55  in, 

Mnatdy.    Tbcrefore,  for  one  web-angle^  from  Fonnula  (3), 

/i  -  6.9  -I-  8.03  X  (1.55)*  -  26.17 
far  the  four  angles,    /i  «  36.17  X  4  ■*  104.68 

le  nddle  web-plates  are  together  Ma  in  X  3  «  iH  in  «  x.135 

idL   The/  ( <-  /i)  for  the  two  plates  is  x8X  (x.i3s)Vi2  -  3.14 

a  aaiiueut  of  inertia  of  the  entire  cohmm'fiection  for  the  axis 

%  tkefcfion^  the  sum  (rf  these  nuunents  of  inertia  foe  the  difier- 


(  fer  the  eigfat  flange-plates  9  636.48 

fcfor  the  four  fiaxige-angles  3  660.60 

Siar  the  ci|^  outer  web-plates  3  636.40 

iar  the  four  web-plates  104.68 

far  tint  middle  web-platei  2.14 

^  Bioment  of  inertia  for  the  entire  section  17  030.1'^ 
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S.  Radii  of  Gyration  of  Compound  Sections 

The  Radius  of  Gyration  of  any  Compound  Section  may  be  found  1 
Formula  (2),  page  333,  by  dividing  the  moment  of  inertia  of  the  sectioii  I>3 
total  area  of  the  section  and  talcing  the  square  root  of  the  quotient.  1 
the  radii  of  gyration  of  the  channel-column  section  shown  in  Fig.  6,  aboul 
axes  AB  and  CD,  are  found  as  follows:  A  ••  (the  sum  of  the  areas  of  two  ! 
X2-m  plates,  or  12  sq  in) -f  (the  sum  of  the  areas  of  the  two  channels,  or 
sq  in)  -  20.94  sq  in.    /  about  AB'^  464.8  and  about  CD  -  277.6. 


Therefore,        r,  with  respect  to  the  axis  AB 


20.94 


.4.71 


and 


f  1,  with  respect  to  the  axis  CD  > 


V2776 
—---3.64 


20.94 


Since  ri  is  the  smaller,  it  is  the  value  to  be  used  in  the  column-formula, 
to  be  noted  that  this  value  of  r  agrees  with  the  r  of  the  lo-in  channdi-colui 
Table  XXV,  on  page  S33-    The  value  of  n  does  not,  however,  agree  exactly 
the  n  in  the  same  table,  the  variation  being  caused  by  a  difference  in  the  sp 
of  the  channels,  back  to  back. 

The  Least  Radius  of  Gyration  of  a  Section  of  a  Plate-and-i 
Column.    As  another  example,  let  it  be  required  to  find  the  least  radi 

gyration  of  the  cross-section  of  the  plate 
angle  column  shown  in  Fig.  8,  made  up  c 
H  by  i2-in  web-plate,  two  H  by  la-in  side ; 
and  four  4  by  4  by  H-in  angles. 

(i)  Find  the  moment  of  inertia  about  til 
A B.  For  the  axis  ABy  I  for  each  one  of  tl 
plates  with  respect  to  an  axis  through  its 
center  of  gravity  and  parallel  to  the  axis 
i»X(H)*/i2-c.os.  i4'-HXi2-4.5sqi 
h  «  6H«  in.  h  =  0.05  -f-  4.5  x  (6Me  >•  *  i 
/  for  each  one  of  the  angles  with  respect 
axis  through  Its  center  of  gravity  and  p 
with  the  flange-leg  is  5.6,  A  -  3.75  and  tli 
tance  of  the  center  of  gravity  from  the  \n 
the  flange  of  the  angle «-  1.18.  Hence,  k* 
—  1. 18  in  -s  4.82  in  and  h  for  each  angle 
+  .1-75  X  (4.82)"  -  92.71.  /  for  the  web-p 
54.  The  moment  of  inertia  of  the  whole  column-section,  therefore,  abo 
axis  i4B  -  (2  X  172.33)  +  (4  X  92.71)  +  54  ■=  76950. 

(3)  Find  the  moment  of  inertia  about  the  axis  CD.  I  for  each  aide 
-  54.  /  for  each  angle-  5.6  and  A  for  each  angle «  3-75*  The  distai 
the  center  of  gravity  of  each  angle  from  the  back  of  the  flange  of  the 
i-  1. 18  in  and  hence,  A  «  1.18  in  +  fi«  in  «  1.36  in,  approximately,  /i  lb 
angle  -  s-6  +  3-75  X  (1 .36)*  -  1 2.54.  /  for  each  web-plate  -  0.05.  The  m 
of  inertia  of  the  whole  column-section,  therefore,  about  the  axis  CD  »-  (2  x 
(4X  12.54)  4-  0.05  »  158.21. 

Since  this  is  the  least  moment  of  inertia  the  least  radius  of  g3rration  wil 
wise  be  about  the  axis  CD.    The  area  of  the  cross-section  of  the  column  • 
3.7s,  the  area  of  the  angles)  +  (3  X  4-5.  the  area  of  each  plate)  «  28.5. 
158.21/28.5  •-  5.55  and  f,  the  least  radius  of  gyration  "-2.35. 


Fig.  8.  Leut  Radius  of  Gyra- 
tion oi  Croas-secUoQ  of  Plate- 
and-angle  Column 


OnphicxUy 


8U 


Iti  ladia>  of  GyikHom  of  lb*  CTOM-SMtioB  ot  a  BbCow  RwtaacnUt 
tea.  M  another  example,  let  it  be  rrquireil  to  find  [be  radiui  of  gyntioo 
fc  miB-scction  af  *  bollow  rect&UKuJai  cut-iron  caluinn  witb  outside  dimen- 
MSbr  6  in  snd  with  a  shell  M  Id  thick.  (See  iigures  and  farmulBs  for  hot- 
nruaand  rcrtmn^es,  page  ijs-)  -<  -^^iS-s)'"  i6-y>.is-  5.75  >q  in. 
•W-  hW)/i.  -  i6<-  (s-s)*]/"  -  ('  »96-  9«>)/"  -  386/11  -  31-a.  f*- 
ViJS  -  S-6  «nd  r  ■■  3.n  in, 

HciiiS  (rf  nmtioD  ol  round^sectioQ  columns  and  inmrtr  inrtlnn  coliunrUi 
ipif  tfnnt  3  to  JO  in  in  diatiKtcf  and  ol  metal  varying  from  M  to  >  m  thklc, 
tpim  b  Tables  U  and  UI,  mc  pages  348  Co  351.  For  example:  tbe  radiua 
IfBiicin  of  a  6  by  6-iD  iquaic-section  cast-iroa  column  with  a  ibeQ  M  ia 
ii  A.  bam  TaUe  UI.  1,35  in. 

ftilfcii  ■!  Motbod  of  Detaiminlnt;  the  Homant  of  Inartia  ot  FUd« 

ht  MoMeilt  of  Invitia  may  ba  Datenniaed  Grapbicatlj  as  foBom: 
Ik  Ibe  ikape  in  question,  Fig.  9,t  into  stiipa  parallel  to  BC,  Through  the 
ki  oi  gravity  of 
Uipt  draw  bdcl-  < 
b  bs  /t.  .'^,  etc 
■liioe  aiUyoS 

t/,/,,etCpro- 
■I  nttieUlvely 
^  /,.  /fc  etc 

tik  Riipa  are 
aid  of  equal 
^oA  tuip  nay    ' 
Lvacd    profHT- 
Wtolhekngihof 


1^.     Thtongb   d 

I  i  ifaiw  fioea  at 

■■fa  li  to  detei- 

^tke  tnk  O,  from 

*IkcniyiCU,Oc 

taednTn.    Con-         Fit.  S.    Grapliical  DttsrmiiiUioBof  Uooiciitfiil  tceitiat 

M  Ik  TOirtiJBaiuii-POLYOOU   gsj.     (See  page   J96.)     A  line  iS  paraHel  to 

rillx  a  G>AVTTY-AXis.     The  HOHEKT  Ot  iNEitiA  about  tfais  axis  is  equal 

k  irea  of  the  given  figure  ABC  multiplied  by  tbe  area  of  the  pdygon  gjf. 

iqnie  root  of  ttiis  area  gif  is  tbe  aADiiis  or  gviatton  of  the  figure  ABC 

I  a^ird  to  t)w  axis  sS.     A  graphic  method  espedally  adopted  to  irregulu 

^Bfivniin  detail  in  Goodmaa's  Mechanici  Applied  to  EngiDWiipg.     Sec, 

lUariman'i  American  Civil  Engineers'  UaDdtwok. 

hm  notes  by  Robin  Fkmliv;. 

kF  fnn  0>t'>  Graphic  SUtic*  (Cluk's  Tiandation,  L 

P^Kdus  aad  Eianipies  in  ■'--'—'— 
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Chap 


TkUe  I.*    Monents  of  Xneitia  of  Roelaaili 


Neutral  axis  through  center  and  normal  to  depth 


Depth 

in 
inchoa 

Widths  of  rectangles 

jua  inches 

H 

Me 

H 

Me 

H 

Me 

^ 

2 

0.17 

0.21 

0.25 

0.29 

0.33 

0.38 

( 

9 

0.56 

0.70 

0.84 

0.98 

1. 13 

1.27 

] 

4 

X.33 

1.67 

2.00 

2.33 

2.67 

3.00 

; 

5 

2.60 

3.26 

391 

tn 

5.21 

5  86 

i 

6 

4.50 

5.63 

6.75 

9.00 

10.13 

X] 

7 

7.15 

8^93 

10.72 

12.51 

14.29 

16.08 

£ 

8 

lb.  67 

13.33 

16.00 

18.67 

21.33 

94.00 

^ 

9 

15x9 

18.98 

22.78 

26.58 

30.36 

34.17 

3f 

10 

20.83 

26.04 

31.25 

36.46 

41.67 

46.87 

1 

XI 

27-73 

34.66 

4x59 

48.53 

55.46 

62.39 

«! 

12 

36.00 

45-00 

54.00 

63.00 

72.00 

81.00 

9 

13 

45-77 

57.21 

68.66 

80.10 

91.54 

102.98 
128.63 

XL 

14 

57.  X7 

71.46 

85.75 

X00.04 

114.33 

14 

15 

70.31 

87.89 

lOS  47 

X23.0S 

140.63 

158.20 

17 

lO 

85-33 

106.67 

128.00 

14933 

170.67 

192.00 

21 

17 

102. 35 

127.94 
151.88 

153  53 

179- 12 

204.71 

230,30 

25 

18 

X2X.50 

X82.25 

212.63 

243.00 

273.38 

3Q 

19 

142.90 

178.62 

2x4.34 

250.07 

285.79 

321.52 

3S 

20 

X66.67 

208.33 

250.00 

291.67 

333.33 

375. 00 

41 

21 

192.04 

221.83 

241.17 

289.41 

337.64 

385.8S 

434.11 

4fl 

22 

277.29 
316.85 

332.75 

388. 2X 

443.67 

499-13 

^ 

23 

253-48 

380.22 

443.59 

506.96 

F2^ 

61 

24 

288,00 

360.00 

432.00 

S04.00 

576.00 

648.00 

73 

25 

325-52 

406.90 

488.28 

569.66 

651. 04 

732,42 

8] 

26 

366. X7 

457. 71 

549  25 

640.79 

732.33 

823.88 

91 

27 

410.06 

512.58 

61S  09 

717. 6x 

820.13 

922.64 

lOG 

;i8 

457.33 

571.67 

686.00 

800.33 

914.67 

10X6.21 

1029.00 

114 

29 

508. xo 

635.13 

762.  x6 

889.18 

1143.23 

125 

30 

562.50 

703.13 

843.75 

984.38 

1125.00 

1265.63 

14< 

32 

682.67 

853-33 

X024.00 

1X94  67 

1365.33 

1536.00 

171 

34 

8x8.83 

1023. 54 

1228.25 

1432.96 

1637.67 

1842.38 

20U 

36 

972.00 

X215.00 

1458.00 

1701.00 

1944.00 

2187.00 

24: 

38 

1143.  X7 

1428.96 

X714.75 

2000.54 

2286.33 

2572.13 

aS! 

40 

1333.33 

X666.67 

2000.00 

2333.33 

2666.67 

3000.00 

^ 

43 

1543  50 

1929.38 
2218.33 

2315  25 

2701 . 13 

3087.00 

3472.88 

44 

1774.67 

2662.00 

3105.67 

3549  33 

3993  00 

44 

46 

2027.83 

2534.79 

3041.7s 

3548. 7X 

4055.67 

4562.63 

50( 

48 

2304.00 

2880.00 

3456.00 

4032.00 

4608.00 

5x84.00 

57( 

50 

2604.17 

3255.21 

3906.25 

4557.29 

5208.33 

5859-38 
6591 -00 

es 

52 

2929-33 

3661.67 

4394.00 

5126.33 

5858.67 

73 

3280.50 

4106.63 

4920.75 

5740.88 

6561.00 

7381.13 

8a 

56 

3658.67 

4573.33 

5488.00 

6402.67 

7317.33 

8232.00 

9t 

58 

4064.83 

5081.04 

6097.25 

7113.46 

8129.67 

9145.87 

IOC 

60 

4500.00 

5625  00 

6750.00 

7875.00 

9003.00 

XOX25.00 

112 

*  This  table  may  be  used  in  computing  the  moments  of  inertia  of  plate 
columns  and  other  compound  sections  in  which  plates  are  used. 
842. 


properties  o£  Stnictaiiil  Sha^jw,  efJQ.  30 


Nei^tat  ttds  tfaremch  center  uid  normal  to  depth 


Widths  of  rectanslcs  ininches 


»H« 


0.46 

IS5 

3.6f 

7.16 
M.jB 
19.6s 
3933 
41.77 

7«.j6 

9900 
US.87 
157-21 

11467 
J8I.4T 

334X3 
39t.96 

4SS33 

o  04 

69707 

79*00 

a9sis 

1006.96 

1127-67   , 

WS767  , 
139739 


1546.88 

i§n  33 

a$i.79 

a6».oo 

3t43-7I 

3666.67 

4>44<i3 

4^0.33 

5»6.54 

iiSfi.co 

7tfx.46 

aBSS.67 

9ttn.3S 

10061.33 

lUTS.ag 

i^TS-oo 

H 


0.50 

1.69 
4.00 

7-81 
13.50 

21-44 
32.00 
45.56 

€3.50 

83.19 
108.00 

137.31 
171.50 

210.94 
256.00 
307.06 
364.90 
428.69 


500.00 
578.81 
665.50 

760.44 
86400 


976.56 
XO98.50 

1230.19 
1372.00 

1524.31 

1687.50 
2048.00 
2456.50 
29x6  00 
3429-SO 


4630.50 
5324.00 
6083.50 

6912.00 

78x2.90 
878B.OO 

9841.50 
10976.00 

12X94-90 
13500.00 


»«• 


0.54 
1.83 
4-33 

8.46 
14.63 
23.22 
3467 
4936 

67.71 

90.1a 

117.00 

148.7s 

185.79 

238.53 
277.33 
332.6s 
394.88 

464.41 


1057.94 
1x90.04 
1332.70 
1486.33 

1651.34 

1828.13 
2318.67 
2661. 31 
3159-00 
3715.29 

4333.33 

5016.^ 

5767.07 
6590.46 

7488.00 

8463.54 

I0S1.63 
XX890.67 
13310. 71 
l463S<oo 


U 


0.58 

1.97 
4.67 

9.11 
IS.  75 
25-CX 

37.33 
53.  X6 

73.93 
97.05 

136.00 

160.30 
300.08 

346.09 

298.^67 
358.24 
425.35 

500.14 

583.33 
675.38 

S6.43 
7.18 
1008.00 

"39-32 
1281.58 
1435-22 
1600.67 
1778.36 

1968.75 
3389.33 
2865.92 

3402.00 
4001.06 

4666.67 

§402.35 
6211.33 
T097.43 
8064.00 

9114.S8 
10353.67 
1x481.7s 
12805.33 
14336.93 
15750.00 


»«e 


0.63 
3. IX 
5.00 


^ 


77 
88 
36.80 
40.00 
56.95 


7«  13 
103.98 
135.00 
171.64 
2x4.38 

263.67 
330.00 
383.83 
45563 
535.86 

635.00 
723-52 

831.87 
950.55 

1080.00 

1320.70 
1373- 13 
1537-73 
171500 

1905.39 

S109.38 
3560.00 
3070.63 
3645-00 
4386.88 

5000.00 
5788.13 
6655.00 
7604.38 
8640.00 

9765-63 
10985.00 
12301.88 
13720.00 
15243.13 
16875 -00 


0.67 
3.35 
5-33 

10.43 
x8<oo 
38.58 
43.67 
60.75 

83.33 

119. 93 
144.00 
183.08 
338.67 

381.35 

341-33 
409.43 
486.00 
571.58 

666.67 

771  75 

887.33 

1013.93 

XX53.00 

X303.08 
1464.67 
1640.35 
1829.33 
3033.42 

3250.00 
3730.67 

3275.33 
3888.00 

4572.67 

5333.33 

6174- 00 

7098.67 
8111.33 
9216.00 

104x6.67 

1x717.33 
13133.00 

14634.67 
16250.33 
18000.00 


tfa^  nay  be  used  in  computing  the  moment?  of  inertia  of  jilate  girdertt 
ffid  other  compound  sections  in  which  plates  are  used.    See  pages  341  and 
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Cha] 


TaM«  IL*    Areas  tnd  HmM  of  Oytatba  of  HoUow-Roond  Sectloos 

ir(D«-«i») 


Area 


«  a7854  iD^  "  ^)  aq  in 


Raditu  of  gyration  ■■ in 


Diam. 
inches 

A 

and 

Thickness  <  In  inches 

- 

K 

tie 

H. 

w 

H 

% 

^ 

1 

2 

A 

0.63 

X.66 
0.61 

r 

3 

A 

2.16 
0.98 

0.96 

* 

4 

A 

2.9s 
1.33 

3-62 
X.31 

4.27 
X.29 

5.50 
1.25 

5 

A 

3.73 
1.6S 

4.60 
x.66 

5. 45 
1.64 

7.07 
X.60 

8.59 
X.S6 

10.  OX 
1.53 

6 

A 

4.52 
2.03 

S.58 

2.01 

6.63 
1.99 

8.64 

I  95 

10.55 
X  91 

12.37 
X.88 

14.09 

I. a* 

] 

7 

A 

S  30 
2.39 

6.S7 
2.37 

7.80 
2.35 

10.21 
2.30 

12. 52 

2.27 

14.73 
2.23 

16. 84 

a.  19 

8 

A 

6.09 
2.74 

7.55 
2.7a 

8. 98 

2.70 

11.78 

2.66 

14.48 
2.62 

X7.08 
2.58 

19.59 
a. 54 

« 

9 

A 

6.87 
3.09 

8.S3 
3.07 

X0.16 
3.0s 

13.35 
3.01 

x6.44 
2.97 

19.44 
2.93 

2^.33 
a. 89 

lo 

A 

7.66 
3.45 

9  51 
3.43 

11.34 
3  41 

14.92 
3.36 

XS.41 
3  32 

21.79 
3.28 

25.08 
3.a^ 

IZ 

A 

8.44 
3-8o 

•ali 

12.52 
3.76 

16.49 
3.72 

11? 

24.  IS 
3.63 

r  27.83 
3-S9 

xa 

A 

9  23 
4.16 

11.47 
4.13 

13.70 
4.11 

18.06 

4.07 

22  33 

4.03 

26.51 
3.99 

30.58 
3-95 

13 

A 

10.01 
4.51 

12.46 
4.49 

14.87 
4.47 

19.63 

4.42 

24. 30 
4.38 

28.86 
4.34 

33.33 
4.30 

14 

A 

10.80 
4.86 

13.44 

4.84 

X6.05 
4.82 

21.21 
4.78 

26.26 
4.73 

31.22 
4.69 

36.08 
4-6s 

IS 

A 

XI. 58 
5.22 

14.42 
5. 19 

17.23 
5-17 

22.78 

5. 13 

28.23 
5  09 

3358 
5.0s 

38.83 
5.00 

16 

A 

12.37 
5.57 

IS- 40 
5-55 

18.41 
5  53 

2435 
5.48 

30.19 
5.44 

35.93 
5.40 

4X.58 
S.36 

17 

A 

X3.16 
5.9? 

16.38 
S.90 

19  59 
5.88 

25.92 
5.84 

32.15 
5.79 

38.29 
5. 75 

'    44.33 
5.71 

I8 

A 

•iU" 

17  3« 
6.25 

ao.76 
6.23 

27.49 
61 19 

34.12 

6.15 

40.64 
6.10 

47.07 
6.06 

' 

19 

A 

r 

'til 

18.35 
6.61 

21.94 

6.59 

29.06 
6.54 

36.08 
6.50 

43.00 
6.46 

49.89 
6.43 

ao 

1 

A 

r 

0.98 

1;^ 

23.12 
6.94 

30.63 
6.90 

38.04 
6.85 

45.36 
6.81 

5a. 57 

6.77 

*  From  Pocket  Companion,  Carnegie  Steel  Company,  Pittsbuzyh.  Pa. 


Pzopjexties  of  StnictuEal  Shapes,  etc. 


Area  ».— i — -r — ^  -■  0.7854  (D"  ■»-  #>  iq  in 


Radius  ol  gyntlBtt  h. —=^—!-- in 


^ 

A 

Thickf^m  t  in  inchfii 

\ 

« 

i. 

tad 

iH 

iM 

\M 

iM     , 

iH 

iH 

xji 

. 

f 

A 
A 

\  

•  •  ■  A  « 



•  •  • 

*  •  • 

1  

•  •  • 
■  ■  • 

A 

■     «.*«■■ 

a  •  ■ 

» 

A 

*  ■  • 

•  •     0 

; 

A 

A 

20.76 

2.13 

2430 
2.46 

22.58 

2.08 

26.51 
2.43 

26.63 
2.39 

^:*^ 

m  •  • 

* 

A 

27.83 
2.81 

30.43 

2'.  78 

3294 
2.74 

•     35.34 
3.70 

37.6s       3 
3.67 

9.86 
3.64 

li 

A 

3X.37 
3-x6 

34.36 
.3-13 

37.26 
3.09 

40.06 
3.0s 

42.76       4 
3.03 

5. 36 
3.98 

47-86 
2.95. 

p 

A 

34  90 

3.  SI 

38.39 

3.48 

4158 
3.44 

44.77 
3.40 

47.86       5 
336 

0.85 
3.33 

53.75 
3  29 

A 

3S.44 
3.87 

41.22 
3.83 

45.90 
3.79 

49.48 
3.75 

5a.97       5 
3.7X 

6.35 
3.68 

5964 
3.64 

r 

A 

41-97 
4.22 

46.14 
4.18 

50.32 
4.14 

54-19 
4.X0 

'^v,  * 

1.85 
4. 03 

65.53 
5.99 

A 

4S-SO 
4.57 

SO.O7 
453 

54.54 
4.49 

58.91 
4. 45 

63.  x8       6 
441 

7.35 
4.38 

71.42 
4.34 

A 

4904 
4-9* 

54.00 
4.88 

58.86 
4.84 

63.63 
4.80 

68.28       7 
4.76 

3.85 
4.73 

77.31 
4.69 

» 

A 

52-57 

57.93 
5.23 

63.  X8 
S.19 

66.33 
5.XS 

73.39       7 
5. XI 

8.34 
5.08 

83.30 
5.04 

f 

A 

S6ii 

61.8s 
5.59 

67.50 
5.55 

73.04 
5.5X 

78.49       8 
5.47 

3.84 
5-43 

89.09 
5-39 

t 

A 

59  64 
5.98 

6S.78 
5-94 

71.83 
5.90 

1:21 

83.60       8 
5.83 

5.78 

94.98 
5.74 

A 

63.18 
6.33 

ts 

76.13 
•6.2s 

8a.^7 

.      6^.2t 

88.70       9 
6. 17      . 

4.84 
6. 13 

100.87 
i5.09 

L 

A 

66.71 
6.69 

73.63 
6.64 

l-g 

87.18 
6.56 

93.81     xo 
6.53 

0.33 
6.48 

106.77 
6.44 

^xkct  CooiiMaioB,  Camtsie  Steel  Compny,  Pittsburgh,  Pk 


350  Properdes  ai  Stitictural  Shapes,  etc. 

Area  -  (Z?«  —  ^  8<i  in 
BjdBitt  o£  gyntloa< 


Chai 


-v' 


/>•+<*. 


U 


in 


Sidt 

inches 

A 

'  Thidooess  /  in  iochM 

and 

M 

Me 

H 

H 

H 

H 

H 

2 

A 

1. 75 

■  0.7» 

a. 11 
0.70 

••••••              « 

3 

A 

8.75 
t.Z3 

3.36 
1. 10 

4 

A 

3-75 
X.53 

4.61 
x.Sx 

5.44 
1.49 

7.00 
1.44 

5 

A 

4.75 
194 

5.86 
x.9« 

?:g 

9.00 
1.85 

";:U 

^r.?2 

17.94 
a.xa 

6 

A 

5. 75 
a.35 

7.11 
2.33 

8.44 

a. 90 

11.00 
a. 35 

13-44 
a.  ax 

IS. 75 

a.  17 

7 

A 

6.75 
a. 76 

8.36 
a.  73 

994 
a.71 

13.00 
a.66 

15.94 
a.6a 

xa.75 
2.57 

21.44 
a. 53 

8 

A 

7.75 
3.17 

9.61 
3.14 

11.44 
3.xa 

15.00 
3.07 

X8.44 

3.0a 

:i:U 

24.94 
».93 

• 

9 

A 

8.75 
3.57 

10.86 
3.55 

ia.94 
3.53 

17.00 
3.48 

90.94 
3.43 

24.75 
3.3B 

as. 44 
3.34 

10 

A 

9-75 
3.98 

la.ii 
3.96 

14.44 
3.93 

19.00 
3.88 

23. 44 
3.84 

27.75 
.3.79 

31.94 
3.74 

II 

A 

X0.7S 
4.39 

13.36 
4.37 

1594 
4.34 

ax. 00 
4.29 

aS.94 
4.24 

30.7s 
4.20 

35-44 
4.XS 

u 

1      M 

"75 
4.80 

X4.61 
4.77 

17.44 
4.75 

83.00 

4.70 

a6.44 
4.6s 

33.75 

4.60 

3«.94 
4.S6 

IS 

A 

12.75 
5.n 

15.86 
5.18 

18.94 
5.16 

a$.oo 
5. XX 

30.94 
S.06 

36.75 
5.01 

4a. 44 
4.96 

14 

A 

13.75 
5.6x 

17.11 
5.59 

ao.44 
5.56 

37.00 
5.51 

33.44 

5.47 

39. 75 
5.4a 

45-94 
5.3T 

IS 

A 

14.75 
6.0a 

X8.36 
6.00 

at. 94 
5.97 

39.00 
5.92 

35  94 

5.87 

42.75 
5.83 

49.44 
5.7« 

i6 

A 

15.75 
6.43 

19-61 
0.41 

a3.44 
6.38 

31.00 
6.33 

38.44 

6.38 

45. 75 
6.33 

Sa.94 
6. 19 

17 

A 

16.75 
6.84 

ao.86 
6.81 

24. 94 
6.79 

33.00 
6.74 

40.94 
6.69 

48.75 
6.64     , 

56.44 
6-59 

x8 

A 

17.75 
7.25 

aa.ix 
7.2a 

a6.44 
7.ao 

35.00 
7.15 

43-44 
7.10 

51.75 
7.08 

59-94 
7.00 

X9 

A 

18.75 
7.66 

83.36 
7.63 

a7.94 
7.6x 

37.00 
•  7.S6 

45.94 
7.SI 

"r:2 

63.44 
7.41 

90 

A 

1:S 

34. 6r 
8.04 

3944 

8.0X 

39.00 
7.96 

48.44 
7-91 

57.75 
7.8T 

^U 

*  Jtom  Fockct  ConpftiiioB,  Carnegie  Steel  Company.  Pittebtv^j^ 


of  Structiual  Shapely  ett. 

Area  ■■  (D*  ~  ^  sq  in 
Radius  of  cynaioo  " 


'IP+^. 


u 


ftfe 

X 

TUckDMi  1  In  iadMB 

». 

uid 

iH 

iH 

iH 

iH 

iH 

iH 

IJ4 

A 

::;;:: 

•  •  •  •  • 

»  •  •  *  • 

•••...<' 

•  •  •  •  • 

•  •  ■  •  • 

k              fl  ■  ft  •  • 



••«••< 

IT 

26.44 
a. 44 

a8.7S     . 
2.40 

i| 

^:« 

33.7S     ; 

-2.80 

■Sia 

39.00 

2.7a 

ii 

38-44 
3.25 

38.7s       4 
3.20 

11.94 
3.16 

45.00 
3.12 

1:2J 

30.75 
3.OS 

» 

IS 

43.7s       4 
3.61 

1744 
3.57 

51.00 
3.52 

54.44 

3.48 

$7.7S 
3.44 

60.94 
3.49 

n 

^:S 

48.7s      ! 
4.01 

(2.94 
4-97 

57.00 
393 

•?is 

6«.7S 
3.84 

68.44 

3.80 

» 

4ft.94 
4.46 

S3. 75     I 
4  42 

^.44 
4.37 

63.00 
4.33 

67.44 
4.29 

71.75 
4.25 

75. 94 
4.ao 

Q 

A 

4.»7 

5875     < 
4.82 

&3.94 

4.78 

69.00 

4.74 

'It 

78.7$ 
4.6s 

83. 44 
4.61 

M 

A 

57.94 

63.7s     i 
523 

5944 
S.18 

75.00 
5.14 

80.44 
5.10 

85. 7S 
5.05 

90.94 
5. OX 

« 

A 

1:« 

68.75     * 
S.64 

r4.9< 
5.59 

8x.oo 
5.55 

86.94 
5.50 

92.75 
5.46 

98.44 

5.4X 

* 

* 

• 

66.94 
6.09 

73  75     i 
6.04 

to.44 
6.00 

87.00 
5.9S 

93.44 
5.91 

1:S 

X05.94 
5.83 

Q 

A 

71.44 
6.50 

78.7s     t 
6.45 

ts.94 
6.40 

'^iS 

99.94 
6.31 

106.75 
6.27 

113.44 
6.33 

A 

7594 
6.90 

83.75     1 
6.86 

)l.44 
6,8f 

lis 

X06.44 
6.73 

"2:1? 

130.94 
6.63 

k 

A 

80.44 

7-3X 

1:S  '■ 

>6.94 
7.23 

105.00 
7.X7 

112.94 

7. 12 

120.75 
7.06 

128.44 
7. 03 

1. 

S4.94 

7.72 

1:g" 

7.62 

III  .00 

7.58 

1X944 
7. S3 

X27.75 
7.49 

135-94 

7.44 

*FnBai  Pocket  Companion,  Carnegie  Steel  Company,  Pittsbuxgh,  P 
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7*  Dim— rionat  MoiiMats  ol  Iflactia,  Ra4il  of  Gyrattta  and  8m 

Moduli  of  Standard  Stmctoral  Sliapoa 

BxplaiiAtion  of  Tables.  As  in  using  structural-steel  shapes  the  chc 
practically  confined  to  sijdi  shapes  as  are  rolled  by  the  mills,  it  is  essenl 
have  at  hand  the  dimensions  and  properties  of  those  shapes  In  order  to 
late  the  necessary  sises  to  meet  special  requirements  for  strength  and  pn 
conditions  of  economy  and  framing.  Since  1890  great  changes  have  been 
both  in  the  materials  and  in  the  shapes  of  the  standard  sections.  The  r 
mills  which  manufacture  the  most  complete  assortment  of  structural  shaf 
those  of  the  Carnegie  Sted  Company,  the  Cambria  Steel  Company,  the 
&  Laughlin  Steel  Company  and  the  Bethlehem  Steel  Company.  In  genen 
products  of  these  mills,  especially  beams  and  channels^  are  respectivdy  i 
in  shape.  This  is  particularly  true  of  the  shapes  rolled  by  the  first  three 
companies  named. 

The  standard  steel  beams  and  channels  considered  in  the  following  pa| 
rolled  by  all  of  these  mills,  with  the  exception  of  those  of  the  Bethlehen 
Company.    With  a  few  exceptions  the  following  tables  of  properties  of 
ard  structural  shapes  have  been  adopted  by  permissioii  from  the  1 
Companion  of  the  Carnegie  Steel  Company.    It  may  be  well  to  stat 
the  tables  of  properties  for  the  various  structural  shapes,  published  t 
companies  named  above,  do  not  agree  exactly,  even  for  the  same  w 
but   the  differences  are  not  of  practical  importance.    The  tables  < 
Cambria  Steel  Company  and  of  the  Carnegie  Steel  Company  for  bear 
channels  agree  more  closely.    As  angles  are  very  extensively   xised 
great  many  purposes,  the  properties  are  given  for  all  sises  rolled  and 
table  showing  from  which  mills  the  different  sizes  may  be  obtained, 
ally  it  will  generally  be  advantageous  to  use  a  size  that  Is  rolled  by 
mills. 

Tables  XV,  XVI  and  XVII  will  be  found  very  convenient  when  com 
tba  strength  of  struts  formed  of  pairs  of  angles,  and  Table  XVIII  whei 
puting  the  same  for  pairs  of  channeb. 

Standard' Stool  Boams  and  Channels.*      Common  Dimensioa 


8TRU0TURAL  BEAMS 

A.A.SJL  SIANDABD  SZCnONS 


?*  ~  ■"  ""  ~ — ~  —  """  "W~,"  •  ^  "  **~'~*""~"H 


n  »  minimum  web  •  i 
R  «  minimmn  web  +  0.10^ 
r  "  Mo  minimum  web 
h  -  distance  between  fbnge- fillets 
Slope  of  flange,  1:6-  16  H%  -  9**  27'  44" 

*  From  Pocket  Companion.  Carnegie  Steel  Company.  Pittsbuxsh* 
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STKUCTURAIi  CHANNELS 


n  «  miniiwim  web  « I 
R  ^.mioiroiim.  web  +0^10^' 

r     «  ^0  minimum  web 

Slope  of  flange,  x  :  6  «  i6H%  "  9*  >/  44*^ 


far  Structural  Beams  are  those  adopted  by  the  Association  of 

eSled  Manufacturers  and  apply  to  all  Structural  Beams,  except 
Standard  Sections  B  i,  B  3  and  B  3,  also  Sections  B  24  and  B  81. 
le  (fimensions  of  the   Supplementary  Beams,   B  61   to  B  68,  inclusive. 


be  itaifily  reduced  to  formulas.    Slope  of  flange  isz:ii-*5*ix'  40". 


labeita 

MOaOBS 


far  Structural  Channels  are  those  adopted  by  the  Association 
Steel  Manufacturers  and  apply  to  all  Structural  Channels,  except 
C 10^  the  x5-in  siaes^  which  are  Car  Building  Channeit. 
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Properties  o!  Stractunl  Shapesi  etc.  Chap 

Xftbl«  ly.*    Propertlet  of  I-BeAm  SectioM 


Sec- 
tioD- 
iodex 

beam 

Weight 
toot 

Aiea 
of 
sec- 
tion 

Width 

of 
flange 

Thick- 

nesBoI 

web 

Axi»i-x 

AzM  a- 

/ 

r 

I/c 

/ 

f 

in 

lb 

sq  in 

in 

in 

in* 

in 

U^ 

te« 

ia 

B6i 

27 

90.0 

a6.34 

9.000 

0.534 

2958.3 

10.60 

2x9.x 

75. 3 

1-69 

Bi8 

24 

XX5.0 
xxo.o 

105.9 

33.67 
32.18 

S0.98 

7.987 
7.92s 
7.875 

0.737 
0.67s 
0.635 

9.35 
9.44 
9.53 

239.x 
^34.3 

83.8 
80.6 
78.9 

1-57 

x.i« 

B    I 

24 

roo.o 
95. 0 
00.0 
85.0 
79-9 

«9.a5 

21.79 
26.  AO 

24.84 

23. 33 

7.*47 
7.186 

7.124 
7.063 
7.000 

0.624 

0.563 
0.500 

a3?«.8 
990X.S 
2230.x 
2159.8 
2087.2 

9.0S 
9.08 
9.21 

9-33 
9.46 

197.6 
XQX.S 

X85.8 
xSo.o 
173.9 

48.4 
47.0 
45. 5 
44.2 
42.9 

X.JC 

x.3a 

Z.3< 

B62 

24 

74- a 

21.70 

9.000 

0.476 

X9SO.I 

9.48 

Z62.5 

6z.3 

X.61 

B63 

2X 

60.4 

17.68 

8.350 

0.438 

1235.5 

8.36 

117.7 

43.5 

x.r 

B    2 

20 

xoo.o 

95.0 

90.0 
85.0 
8i.4 

29.20 

26  [26 
34.80 

«3.74 

7.273 
7.200 

7.X26 

7.0S3 
7.000 

0.873 
0.800 
0.736 

o.6s3 
0.600 

X648.3 
15997 
1550.3 
X50X.7 
X466.3 

7.51 
7.59 
7.68 
7.78 
7.86 

X64.8 
x6o.o 
155.0 
X50.2 
X46.6 

53.4 

S0.5 
48.7 
47.0 

45.8 

z.s. 

z.S. 

z.3^ 

X.3I 
x-a 

B   3 

20 

75.0 
70.0 

65.4 

2X.90 
30.42 
19.08 

6.391 
6.3x7 
6.350 

0.64Z 

0.5*7 
0.500 

X263.5 

X2X4.2 
XI69.5 

7.60 

7.83 

X36.3 

X2X.4 
XX6.9 

30.  z 
38.9 

37.9 

x»z 

X.l 
X.9 

Bx9 

x8 

90.0 
85.0 
80.0 
75.6 

26.29 
24. 8x 

23.34 
39.04 

7.336 

7.154 
7.073 
7.000 

0.796 
0.7x4 
0.6^3 
0.560 

1256.5 

X2x6.6 
XX76.8 
1x41.8 

6.9X 
7.00 
7.10 
7.30 

139.6 

135.2 
X30.8 
X36.9 

51. ll    1.4 

49.&I  x.^ 

47.9       X.4 
40.3      X.4 

B   4 

x8 

70.0 
65.0 
60.0 
54.7 

30.46 
X8.98 

17.50 
15.94 

6.35X 
6.169 
6.087 
6.000 

0.7x1 
0.639 

0.547 
0.460 

917. 5 

837.8 
795.5 

6.70 
6.80 
6.93 
7.07 

X0X.9 

97. S 

S4.5     Z.I 
23.i«     Z. 
32.3      Z. 
».9|    Z. 

B64 

x8 

48.a 

14. 09 

7.500 

0.380 

737.1 

7.a3 

8X.9 

30.o|   1. 

B   6 

15 

75.0 
70.0 
65.0 
60.8 

21.85 
20.38 
X8.9X 
X7.68 

6.378 
6.X80 
6.083 
6.000 

0.868 
0.770 
0.673 
0.590 

687.2 

659.6 
632.x 
609.0 

5.6x 

1:51 

5.87 

9Z.6 

87.9 
84.3 
8z.2 

30.61  X. 
a».«l  z. 
»7.al  X. 
TO.oJ  z. 

B   7 

IS 

55. 0 
50.0 
45.0 
42.9 

x6.o6 
14.59 

13. X2 

12.49 

5.738 
5.640 

5. 542 
5.500 

0.648 
0.550 
o.4Sa 
0.4x0 

508. 7 
48Z.X 
453.6 
441.8 

5.63 
5.9s 

67.8 
60.5 

58.9 

X7.0I   z 
x6.ol  x 
x$,ol  z 

X4.6|    X 

B65 

IS 

37.3 

X0.9T 

6.750 

0.333 

405  5 

6.iO  54. z 

Z9. 

»l« 

Note.  The  exponential  6gures  med  with  /  and  I/c  denote  the  zna^hem 
mensioni "  ol  these  qualities,  that  it,  the  number  of  times  the  linear  vanit  m| 
factor  in  the  quantities. 
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^I 


beam 

• 

We«bt 
foot 

Area 
of 

section 

Width 
oC 

flange 

Thick- 

nmoC 

web 

Axis  X  X 

• 

\jds  3- a 

/ 

r 

//• 

/ 

1 
r 

1 
I/c 

1 
1 

lb 

sq  in 

in 

in 

in* 

in 

inS 

53.2 
50.3 
47-.^ 
44.8 

in< 

in 

in' 

6. a 
5  8 
5-5 
5  5 

i 

ij 

55  o 
So.o 

4S.O 
40.8 

x6.04 
14. 57 
13.  xo 
XX.  84 

5.600 
S.4''7 
5-355 
S.aso 

0.810 

0.687 

0.565 
0.460 

319-3 
301.6 
384.x 
368.9 

4.46 
4.55 
4.66 

4-77 

17.3 
16.0 
14.8 
13.8 

1.04 
X.05 
Z.06 
X.08 

K 

13 

35  o 

31  8 

xo.ao 
9.a6 

5.078 
5. 000 

0.438 
0.350 

337.0 
axs.8 

4.72 
4.83 

37.8 
36.0 

xo.o 
9-5 

0.99 
x.ox 

n 

■ 

13 

279 

8.15 

6.000 

0.384 

«99.4 

4.95 

,1,^.2 

ia.6 

1.34 

4.2 

» 

lO 

40.0 

.*5.o 
30.0 

aS-4 

tx.69 

xo.aa 

8-75 
7.3« 

5.091 
4.944 

0.74* 
0.594 
0.447 
0.310 

Z58.Q 
145. 8 
133. 5 

133. 1 

3.68 
3.78 
3.91 
4.07 

3Jt.6 

34.4 

6.9 

o<9o 
0.91 

0.93 
0.97 

3.7 

3-4 
3.2 
3.0 

8r 

xo 

32. A 

6.54 

5.500 

0.353 

1x3.6 

4.17 

33.7 

9.0 

1-17 

3-3 

n 

9 

35 -0 

30.0 
as-o 
ax. 8 

xo.aa 
8.76 

7.28 
6.3a 

4.764 
4.60X 

4.437 
4.330 

0.724 
0.561 

0.397 
0.390 

ZXZ.3 
ZOX.4 

3-.W 
3.40 
3.54 
3.67 

24.7 
33.5 

30.3 

18.9 

7  3 

5-2 

0.84 
0.85 
0.88 
0.90 

30 

3.8 

2.5 
2.4 

u 

S 

as.5 

as  0 

ao.s 
18.4 

7.43 
6.71 
5.97 
5-34 

4.36a 

4.17X 

4.079 
4.000 

0.532 
0.441 

0.349 
0.370 

68.x 
64.2 
60.3 

56.9 

3  03 
3.03 
3.18 
3.36 

17.0 

16.0 

15.1 
14.2 

4-7 
4-4 
4.0 

3.8 

0.80 
0.81 
0.83 
0.84 

3. a 
2.1 
3.0 
1.9 

B 

8 

17.5 

5.13 

5.000 

0.330 

58.4 

3  38 

X4.6 

6.3 

x.xo 

2.5 

Q 

7 

ao.o 
17.5 
^5S 

5-83 
509 
4.43 

3.860 

3.755 
3.660 

0.450 

0.34S 
0.350 

38.9 
36.3 

3.68 

2.77 
3.86 

X3.0 

II.  1" 

X0.4 

3.1 
2.9 

3.7 

0.74 
0.76 
0.78 

1.6 
1.6 
1. 5 

t« 

6 

17.  as 
1      14  75 
la-S 

5.03 

4.29 
3.6X 

3-565 
3-443 
3.330 

0.465 
0.343 
0.330 

a6.o 
33.8 
ax. 8 

3.a8 
2.36 
a.46 

8.7 

7.9 
7.3 

2.3 
a.z 

1.8 

0.68 

0.69 
0.7a 

1.3 

1.3 

x.x 

a 

5 

14  75 
la.as 
xo.o 

4-«9 
3.56 

a. 87 

3.284 
3.137 
3.000 

0.494 
0.347 

0.3Z0 

15.0 
13-5 

X3.I 

1.87 

1.95 
3.05 

6.0 
4.8 

1.7 
1.4 
x.a 

0.63 
0.63 
0.6s 

x.o 

0.91 

0.83 

• 

4 

10.5 

ri 

11 

3.0s 
a. 76 
a.46 
a.ai 

a.  870 
3.796 

2.723 
a. 660 

0.400 
0.336 

0.3S3 

O.Z9O 

71 
6.7 
6.3 
6.0 

i.SJ 
1-56 
1.60 

1.64 

3  5 
3.3 
3.2 
30 

x.o 
0.91 
0.83 
0.77 

0.57 
0.58 
0.58 

0-59 

0.70 
0.6s 
o.6z 
0.58 

n 

3 

7.5 
6.5 

57 

Ml 

1.64 

2.509 
3.4x1 
2.330 

0.349 
0.351 
0.170 

2.9 
3.7 

2.5 

1.15 

X.X9 
1.23 

M 

1-7 

O.S9 
0.51 
0.46 

o.sa 
0.52 
0.53, 

0.47 
0.43 
0.40 

k'SbCr"  with  Ubfe  on  preceding  page. 
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aJ 


These  may  be  employed  as  columns,  using  the  axis  a-3 


Seo- 

Depth 
of 

Weight 

Area 
of 

Width 
of 

Thick- 

Axisi-1 

AzlsaHJ 

per 

ness 

, 

tiOD- 

beam 

foot 

section 

flange 

of  web 

/ 

r 

He 

/ 

r 

index 

in 

lb 

sqin 

in 

in 

in* 

in 

in» 

in« 

in 

H4 
H3 
Ha 
Hi 

8 

34-3 

10.01 

8.0 

0375 

IIS.  4 

3-40 

a8.9 

3S.I 

1.87 

6 

24- 1 

7.01 

6.0 

0.3x3 

4SI 

2.54 

15.0 

14.7 

1.45 

5 

18.9 

547 

SO 

0.3x3 

23.8 

a.o8 

93 

7.9 

i.ao 

4 

13.8 

4.00 

4.0 

0.3x3 

10.7 

1.63 

53 

3.6 

o.«s 

See  "  Note  "  with  Table  IV,  page  354. 
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W 


Wdgkt 
per 

iDOC 

Ax«a 

of 

Mction 

Thick- 
ness 
of 

Width 

of 
flange 

Increase 

of  web 

and 

flange  fior 
each  lb 
increase 

of  weight 

Neutfftlazis 

perpendicular 

to  web  at  center 

Neutral 
axis  coin- 
cident with 
center  line 

of  web 

/ 

r 

• 

I/c 

/ 

r 

k 

tb 

1 

sq  in 

in 

in 

in 

in« 

in 

in< 

in« 

in 

JD 

1 
XJO.O 

35.30 

0.540 

10. SCO 

0.0x0 

5239  6 

X3.X8 

3493 

x^.o 

2.16 

^ 

IQ5.0 

30.88 

0.500 

10.000 

O.OIX 

40x4.x 

XX. 40 

286.7 

X3X.S 

3.06 

<lf 

90.O 

26.49 

0.460 

9.500 

o.oix 

2977.2 

X0.60 

239.0 

XOX.2 

X.95 

« 

«4.o 

2480 

0.460 

9.250 

0.0X2 

238X.9 

9.80 

198.5 

9X.I 

X.92 

J| 

8l.o 

34-59 

0.520 

9  130 

0.0x2 

3240.9 

9-^5 

186.7 

78.0 

1.78 

M 

no  i  21.47 

0.390 

9.000 

O.OX3 

309X.0 

9.87 

174. 3 

74.4 

X.86 

S 

8».o     24.17 

0.570 

8.890 

0.0x5 

XS59  8 

8.03 

X56.0 

799 

X.83 

» 

Ta.o    21.37 

0.430 

8.750 

0.015 

X466.S 

8.38 

146.7 

759 

X.88 

3B 

69.0 

ao.a6 

0.520 

8.X45 

o.oxs 

X368.9 

7.91 

136.9 

SX.2 

1.59 

SB 

Uo 

18.86 

0.450 

8.075 

o.ois 

X232.I 

8. OS 

X22.3 

49.8 

X.63 

» 

»o 

I7.3(S 

0.37S 

8.000 

0.0x5 

XI73.3 

8.32 

XX7.3 

48.3 

X.66 

«> 

S9-0 

17.40 

0.495 

7.67s 

0.0x6 

883.3 

7x2 

98.1 

39.x 

x.SO 

tf 

54-0 

15.87 

0.4x0 

7.S9P 

0.0x6 

842.0 

7.38 

93.6 

37.7 

1.54 

tf 

S».o 

15.24 

0.375 

7555 

0.0x6 

82s. 0 

7.36 

91.7 

37.x 

1.56 

tf 

48.S 

14 -as 

0.320 

7.500 

0.016 

798.3 

7.48 

88.7 

36.3 

X.59 

15 

71  0 

M.9S 

0.520 

7-500 

0.020 

796.2 

6x6 

X06.3 

6X.3 

X.7X 

Q 

6«.o 

x«.8i 

0.605 

7x95 

o.oao 

664.9 

5-95 

88.6 

41.9 

X.49 

IS 

S4.0 

15.88 

0.4x0 

7.000 

0.030 

6x0.0 

6.20 

8X.3 

38.3 

1.55 

IS 

46.0 

13-52 

0.440 

6.810 

o.oao 

484.8 

5.99 

64.6 

25.2 

X.36 

S 

41.0 

12.  oa 

0.340 

6.7X0 

0.020 

456.7 

6.X6 

60.9 

34.0 

X.41 

Q 

Jl.o 

IX. 27 

0.290 

6.660 

O.Q20 

4»2.6 

6.37 

59.0 

23.4 

X.44 

12 

35.0 

10.61 

0.310 

6.300 

0.02s 

369.2 

S  04 

44.9 

21.3 

X.42 

n 

3a.o 

9.44 

0.335 

6.205 

0.02s 

238.5 

4.92 

38.x 

x6.o 

X.30 

» 

*.$ 

8.42 

0.250 

6.120 

o.oos 

3X6.3 

5.07 

36.0 

XS.3 

X.3S 

» 

a8.5 

8.34 

0.390 

5990 

0.099 

X34.6 

4.03 

36.9 

X3.I 

1. 31 

* 

Q.5 

6.94 

0.2SO 

5.850 

0.039 

X33.9 

4.3X 

34.6 
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X.27 

»  , 

24-0 

7.04 

0.36s 

S.555 

0.033 

92.x 

3.63 
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8.8 
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6. ox 
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5.440 

0.033 

85.x 

3.76 

X8.9 

8.3 

X.X7 

8 

19.5 

5.78 

0.32s 

5.325 

0.037 

60.6 

3.24 

X5.X 

6.7 

x.a8 

8 

175 

5.18 

I 

1 

0.250 

5. 250 

0.037 

57.4 

3.33 

14.3 

6.4 

I. XX 
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r 
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1 
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in 

lb 

1 

sqin 

in 

in 

in 
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Id 

30 
30 

200.0 

iSo.o 

58.71 
53.00 

O.7S0 
0.690 

15.00 
13.00 

O.OIO 
O.OIO 

9x50.6 
8x94.5 

12.48 
13.43 

610.0 
546.3 

630.2 
433.3 

3.S 

2.1 

36 
28 

iSo.o 
i6s.o 

S2.86 
48-47 

0.690 
0.660 

14.3s 

12.50 

O.Oil 
O.OII 

7264.7 
6562.7 

11.73 
XX.64 
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468.8 
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3.3 

2.'! 

26 
26 
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ISO.O 

46.91 
43.94 

0.630 
0.630 

13.60 

12.00 

O.OII 
O.OIX 

5620.8 
5153.9 

10.95 
XO.83 
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396.5 

435.7 
3U.6 
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24 

24 

140.0 

X20.0 

41.16 
35.38 

0.600 
O.S30 

13.00 
12.00 

0.012 
0.0X2 

4201.4 
3607.3 

XO.XO 
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2.' 

3. 

20 

20 

Z40.0 
II2.0 

41.19 
3a.8x 

0.640 
0.550 
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0.0x5 
0.0x5 

a934.7 
3343.1 

8.44 

8.45 

3935 
334.3 

34S.9 

a. 

2. 

x8 

99.0 

27.12 

0.480 

XX. 50 

0.0x6 

1591.4 

7.66 

176.8 

X8S.6 

a. 

15 
15 
15 

I40.0 

X04.0 

73.0 

41.27 
30.S0 
21.49 

0.800 
0.600 
0.430 

11.75 
11.25 
XO.50 

0.020 

o.oao 
0.020 

1592. 7 

X220.X 

88^3-4 

6.21 

6.32 
6.41 

2x2.4 
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X17.8 

331. 0 
2x3.0 
X33.2 

a, 

8. 

a. 

12 
12 

70.0 

55.0 

20.58 
x6.x8 

0.460 
0.370 

10.00 

9-75 

o.oas 
0.025 

5JB.8 

433.0 

5.Z2 

5.17 

72.0 

II4.7 

Sz.x 

a 
a 

10 

9 
8 

44.0 

38.0 

33.5 

».9S 
XX. 22 

9.54 

0.310 
0.300 

0.290 

9.00 
8.S0 
8.00 

0.030 
0.033 
0.037 

244-3 

170.9 
114.4 

4.34 

3.90 
3.46 

48.8 

3IB.0 
28.6 

57-3 
44.1 
3».9 

9 

X 
X 
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Tkfeto  Z.    Sins  tad  ICakot  of  RoQed  Sted  AnglM 

k  Ukmiag  table  has  been  compiled  to  shone  angles  of  vaxioos  sUes  rolled  bj 
wm <*—T»*»^*«  The  wocd  *'aU'*  indicates  that  angles  of  the  sites  mentioned  an 
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■iai  fwnpaTiti'ST  Cam..  Cambria  Sted  Company;  Car.,  Carnegie  Steel  Com- 
K  }.k  L.,  Jooes  ft  IianghKn  Steel  Company. 


iasies  with  mieqnal  legs 

Angles  with  equal  legs 

•ninehei 

Companies 

Sises  in  inches 

Companies 

1  Xt 

Cam.'  and  Car. 

8    XS 

AU 

1  X3H 

Car. 

6    X6 

AU 

7  XlH 

AU 

5    XS 

AU 

«  XI 

AU 

4WX4H 

Cam. 

1  X3H 

An 

4    X4 

AU 

5  X4 

An 

i\iX3h 

AU 

S  XM 

AU 

a>4X3K 

J.ftL. 

5  XJ 

AU 

3    X3 

AU 

4HX3 

Car.  and  J.  ft  L. 

a94X2f4 

Cam.  and  J.  ft  L. 

4  X3H 

AU 

aHXaH 

AU 

«  X3 

AU 

aHX2H 

Cam.  and  J.  ft  L. 

I4X3 

AU 

a    Xa 

AU 

IMXjH 

AU 

x^XOi 

AU 

104X2 

J.ftL. 

iWXiVi 

All 

tiXiH 

J.ftL. 

iHXiH 

J.ftL. 

I  XjH 

AU 

iMX-H 

AU 

3  XJ 

AU 

i^eXiMs 

J.ftL. 

a»Xi 

AU 

I    XI 

AU 

>i«xm 

J.ftL. 

H>  H 

J.ftL. 

mxm 

Car.  and  J.  ft  L. 

l)IXl$< 

Cam. 

«tXiH 

J.ftL. 

iHxm 

Car.  and  J.  ft  L. 

1  XiH 

Car.  and  J.  ft  L. 

1  Xz9i 

J.ftL. 

i  XiM 

Car. 

1  XI 

J.ftL. 

AXiH 

J.ftL. 

AXiH 

Car. 

ftXi)i 

J.ftL. 

taXiH 

Car. 

e#xi 

J.ftL. 

9feX9< 

J.ftL. 

t  X«Mi 

J.ftL. 

■ 

!  XH 

J.ftL. 

properties  of  Structural  Stupes,  etc.  Chap. 

k  XL*    Pnip«ti«  of  And (-SccOoa*.'    Uufoaf  I«t»i 


1x6  x;* 

1X6  XW 
1X6    XH 

IX3MX1 
IXJMX'W. 

IXiMXH 
IxmxiHi 
»Xj«X« 

|IX3HX'Hi 
«X3»X4i 

|IX3WX*1. 


iXSMXW 
xjMxHi 
XJWXH 

»X4    Xl^^ 

6X4    x^ 

6X4    XM 

<X.    X'M. 


Is 


et  CompulDo,  Camcflc  Steal  Compuijii  '^'ti^ntrth.  h. 


FrcpeitiM  at  Stiuctunl  Skapo,  etc  3 

DHa  Zt  *  CCoattnoadV     Prnptrtiea  ot  Antta-Ssetioiu.    CiiaqiuII.*|i 

1 


u    -^ 


Sa 

WdKht 

Am 
of 

«... 

.-. 

""' 

3-3 

■ection 

/ 

r 

lie 

« 

/ 

r 

//.i 

y 

^,. 

,   •• 

lb 

«llo 

lo< 

in 

ia- 

IB 

in' 

in 

in' 

In 

in 

;3I. 

1 

•i 

"t 

1 

» 

! 

! 
i 

1 

1 

I 

1 
1 

I.JC 

if 

i:£ 

e.t| 

11 

«.tT 
4»» 

» 

s:«4 

l| 

19. i 
Ml 

u.: 
wis 

111 

13^0 

5:1 

1 

il 

1 
i 

7.8 
\% 

H 
3.3 

4-7 
J.7 

1-1 

i! 

4.5 
*-> 

3-9 

3-a 

11 
1^9 

J.26 

':' 

3^01 
S.O4 

\.fi. 

1.60 

i-s; 

1.79 
i-7» 

;l 

.:6i 

i's9 

i.ta 

■1 
il 

a 

6.> 

s.» 

IS 

3 

!:; 

s,» 

i:l 
6.0 

'! 

3.« 
a'.T 

?:l 

3 
0.9 
0.94 

il 

i;ii 

I.IS 

I* 

il 
O-Si 

I'.e! 
e.Sa 

°;s: 

il 

1:9 

ri 
I 

oisi 

i;ii 

1 

0.8* 

oiSo 

o,7S 

1 

1 

0.7« 
0.64 

il 
i 

I-.-HW- 

with 

T 

bl.  w 

p««* 

su- 

B,  CtRMfi*  Stad  Compuy,  Kttibui^,  P>. 


Pnipertlci  <£  Stnictunl  Shapes,  etc 


-feh 


T^T 


4    X3    X'W. 

ill: 

SS  X "' 
Si- 

3MX3    X    t 
3HX3    X 
3i  X3     X     . 
3HX3    XH 
3^  XiHX  M. 
3ViXJliXM 

ills! 

3MX1MX  t 

! 
H 

5 

i 

i 

] 

"t 
i 

3 
t 

|| 

3.90 
3- JO 

j:S 
f:S 

4.U 

4.30 
3-9* 

II 
il 
11 
11 

I'e? 

11 
IS 

1 

7.» 

!:l 

l! 

i;l 
Si 

3.S 
3-1 

1.31 

"'3! 

1. 11 

\:i 

\l 
IS 

fi 

i.oi 
■  0 

»9 

0-9: 

I 

X 

* 

J! 

of 

It 

3.6 

i:l 
4-9 

i:i 

3'3 

!;» 

1:6 

1-1 
i.j 

is 

i 

I 

i 
i 

i 

! 

86 

S 

n 
u 
ii 

l!6 

I'.ta 

ii 

<:* 

IS 

•1 

i 

S 

74 
W 

I 

I 

S 

74 

s 

£ 

7! 

a 

Ptaperticft  of  Stractuial  Shapes,  etc* 


M 


U— qwJ  L«fi 


Weight 

Area 

Azisi-r 

Axis  3-^ 

Axis 
3-3 

Sat 

foot 

of 

section 

/ 

in 
0.91 

I/c 
in> 

Z.2 

in 

x.02 

I 

in* 
1.4 

f 

in 

0.72 

I/c 

in» 
0.82 

y 

in 
0.77 

rmlM 

in 

lb 

aqin 

in« 
3.3 

in 

I  Xj4Xf1« 

9-5 

3.78 

V.S3 

1  Xi4XH 

»f 

3.50 

3.1 

0.91 

Z.O 

1. 00 

X.3 

0.72 

0.74 

0.75 

0.S2 

(  XihXU* 

7.6 

3.31 

1.9 

0.92 

0.03 

0.81 

0.98 

X.3 

0.73 

0.66 

0.73 

0.52 

1  XiViXH 

6.6 

1.99 

1.7 

0.93 

0.96 

x.o 

0.74;  0,58 

0.71 

0.32 

\XAiXh* 

5.6 

X.63 

1.4 

0.94 

0.69'  0.93 

0.90 

0.74;  0.49 

0.68 

0.53 

1  XaHXH 

45 

1.31 

Z.3 

0.95 

0.56 

0.9X 

0.74 

0.75 

0.40 

0.66 

O.S3 

f  X2  XH 

l:i 

3.25 

x-9 

0.92 

x.o 

1.08 

0.67 

0.5s  0.47 

0.S8 

0.43 

1  to  X11« 

3.00  i  Z.7 

0.93 

o.«9 

x.06 

0.61 

o.SS    0.42 

0.56 

0.43 

i  to  XH 

5.9 

1.73 

1.5 

0.94 

0.78 

X.04 

0.54 

o.s6   0.37 

0.54 

0.43 

1  to  X«t 

5.0 

1.47 

1.3 

0.9s 

0.66 

x.02 

0.47 

0.S7 

0.32 

0.52 

0.43 

1  to   XK 

4.1 

1.19 

I.I 

0.9s 

0.54 

0.99 

0.39 

0.S7 

0.25 

0.49 

0.43 

[ito  x» 
l«2  X^it 

6.8 

3.00 

X.I 

0.7s 

0.70 

0.88 

0.64 

0.56   0.46 

0.63 

0.42 

6.1 

I.7S 

I.O 

0.76 

0.63 

0.85 

0.58 

o.STJ  0.41 

0.60 

0.42 

IkXi  XH 

53 

I.S5 

0.91 

0.77 

o.SS 

0.83 

0.51 

0.S8;  0.3C 

0.58 

0.42 

bto  XH« 

.   ^s 

1. 31 

0.79 

0.78 

0.47 

0.81 

0.4S 

0.581  0.31 

0.56 

0.42 

too  xvi 

3.62 

X.06 

0.65 

0.78 

0.38 

0.79   0.37 

o.59i  0.2S 
o.6o   0.20 

0.54 

0.43 

jiXi  x^u 

a. 75 

0.81 

O.SI 

0.79 

0.29 

0.76    0.29 

O.SI 

0.43 

hto  xH 

1.86 

O.S5 

0.3s 

0.80 

0.30 

0.74 

0.20 

0.61 

0.13 

0.49 

0.43 

KXiHXM* 

392 

1.15 

0.71 

0.79 

0.44 

0.90   O.X9 

0.41 

0.17 

0.40 

0.32 

hXi4XH 

3.19 

0.94 

0.59 

0.79 
0.80 

0.36   0.83;  o.x6 

0.4X 

0.14 

0.38 

0.32 

WXi^XM. 

2.44 

0.72 

0.46 

0.38 

0.85 

0.13 

0.42 

O.II 

0.3S 

0.33 

KXiHXH 

5.6 

Z.63 

0.75 

0.6S 

0.54 

0.86   0.26 

0.40 

o.a6 

0.48 

0.32 

Kxi^xji* 

5.0 

145 

0.68 

0.69 

0.48 

0.83 

0.24 

0.41 

0.23 

0.46 

0.33 

to4XH 

4-4 

1.27 

0.61 

0.69 

0.42 

0.81 

0.21 

0.41 

0.30 

0.44 

0.32 

KiHXH* 

3.66 
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0.46 
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0.29 
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»  XT<« 

53 
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O.S9 

0.35 

0.64 

0.39 
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3  9a 
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0.30 
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0.39 
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0.39 
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0.30 
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0.33 
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0.31 
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0.34 
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0.27 

0.53 
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0.55 

0.34 

M4XH 
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0.X9 
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0.x8 
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0.49 
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0.36 

O.IX 
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0.34 

Kx^« 
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0.07 

0.38 

0.34 
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l.OI 

0.30 

0.04 

0.38 

0.05 
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0.99 

0.06 

0.34 

0.X9 
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0.X9 

i  XM 

e.8o 
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0.93 
o.x8 
o.ia 

0.4 
0.4 
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0.06 
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ANGLES  PLACES  BACK  TO  BACK 
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S6.9 

3346 

2.42 

3.42 

3.51 

355 

3.60 

• 
« 

»^« 

42.0 

24.68 

2.46 

3.37 

3.46 

3.50 

3.5s 

« 

,      ,      w 

26.4 

15-50 

«.5o 

3  33 

3.4X 

3.4s 

3.50 

« 

6    X6    XI 

37.4 

22.00 

X.80 

2.S9 

a.68 

2.72 

2.77 

i 

»M« 

26.5 

15.56 

X.83 

2.54 

2.63 

2.67 

3.71 

0 
4 

H 

I4.f 
».6 

«.7« 

1.88 

2.49 

2.58 

3.63 

2.66 

4 

S    X5    X4, 

18,00 

1.43 

a.  19 

2,28 

3.33 

2.38 

i 

Hif 

2Z.8 

X2.80 

l.Sl 

3. 13 

3.22 

8.36 

3.31 

s 
4 

H 

12. 3 

7.22 

X.56 

3.09 

2.17 

3.21 

2.3$ 

: 

4    X4    X»M» 

1:? 

11.68 

1. 18 

\M 

1.8s 

i.»9 

X.94 

4 
4 

M 

3.88 

I. as 

1.75 

X.79 

1.84 

1 

3V4X3ViX»M« 

17.1 

10.06 

1.02 

1.40 

X.6S 

1.70 

1.7s 

1 

H 

S.8 

3.38 
6.72 

0.88 

ISS 

X.59 

X.64 

I 

3    X3    XH 

ZI.5 

1.32 

X.41 

1.46 

Z.51 

1 

H 

4.9 

2.88 

0.93 

I.2S 

X.34 

1.38 

1.43 

1 

2^X2HXH 
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X.88 

o.6z 
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1 

This  table  and  the  two  foUowIng  are  employed  in  computing  the  safe  resista 
compreesive  stress  of  two  angles,  back  to  back,  used  as  struts  or  as  the  compR 
chonis  of  roof-trusses,  etc.,  b^  the  following  rule: 

Obtain  from  the  comptession-formula  in  use  the  allowed  stress  per  squav 
sofresponding  to  the  zatio  of  slenderaess  of  the  section,  and  mult^y  that  val 
the  area.    The  result  will  be  the  allowable  compresaire  stress. 

Baunple  z.  Section  given.  Required  the  asue  load  in  compression,  as  per  fo 
5  •■  19  000  —  100  //r,  on  astrut  composed  of  two  ans^.  4  by  4  oy  M  in*  babk  to 
with  an  unsupported  length  of  9  ft. 

Area  of  section,  A  =  3-88  aq  in;  least  radius  of  gyration,  r  »  x.as  in. 

Ratio  of  slenderness.  i/r  >-  9  X  X3  -l- 1.25  *  86.4. 

Albwed  unit  stress,  5  «  19  000  —  zoo  X  86.4  >«  xo  360  lb  per  sq  in. 

Safe  load,  AS  «  3.88  X  10  360  -•  40  200  lb. 

Biaaaple  3.  Stress  given.  Required  a  section  for  a  member  in  compn 
13  ft  3  in  long,  made  oTfewo  ancles  separated  by  ^'in  guaset-platea.  to  resist  a 
stress  of  35  ow  lb;  ntio  of  ^ndemcss  not  to  exceed  X20. 

Assume  two  angles.  5  by  3  bjr  Me  in.  long  legs  back  to  back. 

Area  of  section.  A  «•  4<8o  aq  in;  least  radius  of  gyration,  r  >■  1.36  in. 

Ratio  of  slenderness*  l/r  «  za.25  X  i3  +  x.26  ■•  Z16.7. 

Allowed  unit  stress.  5  •  19  ooo  —  zoo  X  116.7  »  7  330  lb  per  sq  In. 

Sa£e  load.  AS  —  4.80  X  7  330  *  35  aoo  lb. 

In  the  first  case  the  least  radius  of  gyration  is  that  about  the  axis  i-x;  in  the  1 
case,  about  the  axis  z-a;  in  all  eases  the  leatt  radios  of  gymtion  determines  tb 
of  slenderness  and  therewith  the  allowed  safe  compressive  stress.  In  all  cases 
the  two  angles  are  to  be  secured  together  bv  stay-rivets,  so  spaced  as  to  insur 
the  section  acts  as  a  unit.  The  ratio  of  slenderness  of  any  sinpe  angb  betweect 
must  always  be  less  than  that  of  the  strut  or  compression-chord. 

*  FVom  Pocket  Companion.  Carnegie  Steel  Company,  Pittstraigfar,  Pa. 
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}U  ,    ao.3 

36.00 
19.88 
ZX.86 

2.49 
2.53 

2.57 

2.39 
2.3S 
2.3Z 

2.48 

2.44 
239 

2.52 
2.48 
2.43 

2.57 
2.52 

2.48 

3.66 
2.61 
2.56     , 

XiHXt 

3S.7 
37-5 
X6.S 

31.00 

16. ta 

9.6B 

2.SI 
2-55 

2.59 

1.26 
1. 30 

I.15 

135 

1.29 

1.13 

1.40 

1-34 
Z.38 

1.45 

1.39 
L32 

l.SS 
1.49     1 
1.41 

XlHXi 
H 

32.3 

33.0 

13.0 

19.00 

2.19 

2.23 
2.27 

1.31 

I.3S 
1.20 

1.40 
1.38 

1.45 

1. 39 
1.33 

Z.50 
1.44 
L37 

1.60 
\f6 

tXi  Xt 

>Mo 

30.6 
21.8 

X2.3 

18.00 
13.80 

7.22 

1.85 

1.89 
1.93 

1.60 

1-55 

1.50 

1.69 
1.63 
I.S8 

1.74 
Z.68 
Z.63 

1.79 

L89 

L82 

.  1.76 

lOHXi 

30.6 

9.8 

.    17.00 

13.13 

574 

1.85 
1.89 
1.9S 

1. 37 
1.31 
I-2S 

1.47 
1.41 
1.33 

LSI 
L45 
1.37 

Z.56 

1.49 

Z.42 

1.66 
Z.60 
z.so 

X.XU 

24.» 

ZZ.O 

U.22 
6.46 

l.5» 
1.59 

1.66 
1.58 

\t 

1.80 
1.70 

1. 85 
l.TS 

L9S     1 
1.85     j 

XlHXH 

23.7 

S.7 

13.34 
5.12 

J;§ 

1.42 

1.33 

LSI 
1.41 

1.56 
1.45 

Z.61 
1.50 

I.71     1 

X.S9   ; 

X3    X»««'     19.9 

^«             8.2 

n.68 

4.80 

1.5S 

1.61 

1. 18 
1.09 

1.27 
1.17 

1.32 
1.32 

\^ 

1.47 
1.35 

K3    X>«« 

1S.5 
7.7 

10.86 

4.St> 

138 
1.44 

1.31 
1.13 

1.31 
1.23 

1-36 
1.26 

1.41 
1.30 

1.51 

1.40   , 

K9MX<9io 
^o 

18.5 
7.7 

10.86 
4.50 

J:3 

i.SO 

1.42 

I.S9 
1.51 

1.64 
LS5 

1.69 

l6o 

1.79 
1.69 

<3   X>M« 

17- 1 
5.8 

10.06 
3.38 

1.21 
1.26 

i!i6 

X.3S 
1.24 

1.40 

1.28 

L45 

L33 

i.ss 

1.43 

15-8 
5  4 

9.24 
3.12 

1.04 
1. 11 

1.3» 

1.20 

1.40 
1.29 

I '45 
1.34 

1.90 
IJ8 

1.60 

1.48 

13.5 

4.9 

I:S 

z.e6 
1.12 

1.03 

0.9s 

1. 13 
1.04 

X.18 
L09 

I«23 

L13 

1.33 

1.23 

CiHXfio 

9.5 
4  5 

5.56 
2.64 

0.91 

0.9s 

1.05 
1.00 

1. 15 
1.09 

1.30 
1. 13 

lil8 

J:M 

77 

4.1 

4.90 
2.38 

0.92 
0.9s 

o.8e 
0.74 

0.89 
o.«4 

l:U 

LOO 

0.93 

I.IO 

L03 

U   XH 

^    ! 

6.8 

362 

4.00 
2.12 

07J 

0.78 

0.84 
o.Se 

0.94 
o.«9: 

0.99 
o<93 

1.04 

0.98 

;:a 

•F— 

Packet 

Comtmm 

ioo,CarM 

VBSted 

COMPMI 

y.  Pitted 

luihiPiu 
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tkMe  ZVn.*    PropertiM  ol  OovMe-Aailo  Seotioiu     fliMft  £if»  Vtcfli 

ANGLES  PLACED  BACK  TO  BACK 


JH 


K-X"***" 


nr 


Sinf le  angle 

Two 
angles 

Radii  of  gyration,  r,  in 

inches 

SUe. 
in 

Weight 

per 

foot, 

lb 

Area, 
sqin 

Axis  z-i 

Axis>-2 

In 
contact 

H-in 
apart 

9i-in 
apart 

H-ln 
apart 

a 

8    X6    Xt 

44.2 
33.8 

20.2 

26.00 
19.88 
IX.86 

x.80 

3.64 
3.60 

3.55 

3.73 
3.69 
3.6* 

378 
3-73 
3.68 

3.83 
3.7« 
3.73 

• 

8    X3WX1 

35.7 

27. s 

16.  s 

21.00 

X6.X2 

9.68 

0.86 
0.88 
0.92  . 

4.04 
3-99 
393 

4.14 
4.09 
402 

4x9 
4. 13 
4.07 

4.34 
4.18 
4.1a 

i 
i 
i 

7    X3WXI 
H 

32.3 
23.0 

X3.0 

19.00 

X3.S0 

7.60 

0.89 
0.92 
0.96 

3.48 
3.4a 
336 

358 
3.SJ 
346 

3.63 
3-57 
3.S0 

3.68 
3.62 
3.55 

0 
■ 

4 

6    X4    XX 
H 

30.6 

21.8 

12.3 

18.00 
12.80 

7.22 

x.09 
1.13 
1x7 

2.8S 
3-79 
2.74 

2.9s 
2.89 
2.83 

2.99 
a. 93 
2.87 

a.9« 
2.92 

4 

« 

6    X3HX1 
Me 

28.9 

20.6 

9.8 

17.00 
12.  X2 

574 

0.99 

0.9$ 
1.00 

It 

2.81 

3.0a 

296 
2.90 

3.07 
3.  ox 
a.9S 

3.12 
3.06 

3.00 

5    X4    X% 

24.2 
IX. 0 

I4.« 
6.46 

1.14 
1.20 

2.29 
2.20 

2.38 
2.29 

2.43 
2.34 

2.48 
a. 38 

t 

« 

S    X3WXH 

22.7 
8.7 

1334 
S.xa 

0.96 
1.03 

2.26 

a.4S 
2.35 

2.50 
a.39 

a. 55 

a.44 

S    X3    X»M6 

V. 

11.68 
4.80 

0.80 
0.85 

2.42 
2.33 

2.52 
2.42 

2.57 
3.47 

2.62 
2.52 

( 

4HX3    X»M« 

X8.5 
7.7 

10.86 
4.50 

0.81 
0.87 

2.XS 
2.06 

2.2s 

2. IS 

2.J0 

2.20 

2.35 
2. as 

4    X3V4X»^l6 

X8.5 
7.7 

10.86 
4.S0 

I. ox 

I  07 

1.81 
X  73 

X.9X 
x.8x 

;t 

2.01 
1. 91 

4    X3    X^i« 

10. 06 
3.38 

0.83 
0.89 

1.88 
1.78 

1:1? 

3.03 
X.92 

a.o8 
X.96 

3WX3    X>^« 

7* 

XS.8 
5.4 

984 

3.12 

0.8s 
0.91 

1. 61 

1.71 
i.6z 

X.76 

1.6S 

1. 81 
1.70 

3HX2V4XIH6 
H 

12.  S 

4.9 

7.30 

2.88 

0.69 
0.74 

1.66 

X.S8 

\^ 

1.80 
1. 71 

1.86 
1.76 

3    X2HXM* 

95 

4.5 

S.56 
2.64 

0.72 
0.7S 

1.37 
X.3X 

1.46 
1.40 

I. SI 
1.45 

1.S6 
x.so 

3    X2    XH 

7.7 
4.1 

4. SO 
2.38 

0.55 
0.17 

1.42 
X.38 

1.S2 

1.47 

1. 57 
1.52 

x.«a 
X.S7 

aHX2    XM 

6.8 
3.62 

4.00 
2.12 

0.56 
0.S9 

I. IS 
X.IX 

I.2S 
1.20 

1.30 
X.25 

1.3S 

1.30 

tproan  Pocket  Companioo,  CarMgie  Sted  Company.  Pittsbuish.  P^ 


iToperaes  oi  wsvecunR  aoapcsi  mf:^ 


a/ a 


XtSatfi'MXtOL    pfffjftiint;.  #('  DtniPiJn  rfittitp^^  ^MliMW 

STAMDASO  CHAMNEX£  PLACED  9ACIC  TO  AACK 


correspond  to  4inctkH»i  in^iated  by.  Uie  «i;n>w-head8 


1 

per  foot 

oCone 

dttimel, 

Radii  of  gyration,  r,  in  inches 

fepeh. 

Thkk- 

Dessof 

Are*  of 
two 

Axis  3-3  • 

ii 

• 

cbaonels, 

■ 

Axis  i-i 

IB 

Tb 

sq  in 

i 

H-in    1    Ji-in 

x-in 

1 

apart        apart 

apart 

0.40 

33-90 

19-80 

5.63 

1.38 

X.48 

x.58 

0.42 

3S-00 

30.46 

5.58 

1.38 

X.47 

1.57 

n 

o.5» 

40.00 

23.40 

5.4* 

1.37 

1.46 

x.56 

0.62 

45.00 

26.34 

5.32 

1.37 

X.45 

1.56 

0.72 

50.00 

39.28 

5.24 

1.37 

1.46 

x.56 

o.Sx 

55. 00 

33.22 

5.X6 

1  38 

x.47 

1.58 

0.38 

ao.57 

13. 06 

4.61 

1.24 

1.34 

x.44 

0.59 

25.00 

14. 64 

4-43 

i.ai 

1.31 

1.4X 

n 

0.5X 

30.00 

17.58 

4.28 

i.ao 

1,30 

1,40 

0.63 

35. 00 

30.52 

4.18 

1.21 

X.3X 

X.4X 

1.76 

40.00 

23.46 

409 

1.23 

X.32 

1.43 

0.34 

15.30 

8.94 

3.87 

1.14 

X.24 

X.34 

0.38 

20.00 

ti.72 

3.66 

I.XO 

X.30 

I.3X 

l» 

0.53 

25.00 

14.66 

3.52 

1. 10 

X.20 

X.31 

0.67 

30.00 

17.60 

343 

X.X2 

X.33 

1  33 

0.8a 

35.00 

30.  u 

3.34 

X.16 

1.36 

1.37 

0.35 

13.40 

7.78 

3.49 

X.09 

1.19 

1.29 

« 

0.29 

15.00 

8.78 

3.40 

X.07 

1. 17 

1.38 

0.45 

ao.oo 

tx.73 

3.33 

I  OS 

x.iS 

X.26 

k 

0.61 

25.00 

14.66 

3.X0 

x.07 

X.17 

X.28 

1^  fact  the  vmlnes 


variations  from  these  vahiet  OHwed  by  slight  changes  in  weights 
mre  wiffiriently  exact  for  all  praetical  uses. 
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Tabto  Z?III  (CoBttetted).    Pra^erttei  ti  DvfM^^CbtmaiA  S^cdeoi 

STAHDAB3D  CHANKELS  PLACED  BACK  TO  BACK 


Thendil  oi  gynl&ai  giren  oormpond  to  dir^etiJaiis  indieatod  by  the  wtnm 


Weight 
per  foot 

of  one 

channel. 

lb 

Radii  of  gyration,  r,  in  InclM 

Depth, 

• 

m 

Thick- 
ness of 
web, 
in 

Area  of 

two 

channels, 

sq  in 

Ajds  x-i 

Axis  2-3  • 

H-in 

H-in 

apart 

apart 

a 

8 

o.2a 

11.50 

6.73 

3x0 

X.04 

X.X4 

8 

0.30 

13.7s 

8.04 

2.99 

X.04 

1. 14 

8 

0.40 

16.35 

9S« 

2.89 

1.03 

I.X4 

8 

0.49 

X8.7S 

X0.98 

3.83 

X.03 

I.X4 

8 

0.58 

31.35 

13.46 

a. 77 

X.03 

1. 14 

0.3X 

9.7s 

5. 70 

2.72 

0.99 

1.09 

0.31 

13.35 

7x6 

2.59 

0.99 

1.09 

0.4a 

14.7s 

8.64 

a. 51 

0.99 

x.xo 

o.sa 

17.2s 

to.  to 

2.44 

x.oo 

x.xo 

0.63 

19.7s 

XX.  58 

2.39 

x.oo 

r.xo 

6 

0.20 

8. 30 

4.78 

2.34 

0.94 

1.05 

6 

0.31 

10.50 

6.14 

3.32 

0.94 

x.os 

6 

0.44 

13.00 

7.6a 

2.13 

0.95 

1.06 

6 

0.56 

15.50 

9.08 

2.07 

0.9s 

1.06 

S 

0.19 

6.70 

3  90 

1.9s 

0.89 

x.oo 

I 

S 

0.33 

9.00 

5.36 

1.83 

0.90 

x.oo 

1 

5 

0.47 

XX.  50 

6.7a 

X.76 

0.9X 

K.OX 

I 

4 

0.18 

5.40 

3X3 

X.56 

0.84 

0.9s 

1 
4 

4 

0.35 

6.3S 

3.64 

1.50 

0.84 

0.9s 

I 

4 

0.33 

7. as 

4.24 

X.47 

0.84 

0-9S 

1 

3 

0.17 

4.10 

a. 38 

X.X7 

0.80 

0.91 

: 

3 

o.»6 

5  00 

3.93 

X.X2 

o.8x 

0.9a 

i 

3 

0.36 

6.00 

3.50 

X.08 

0.83 

0.93 

1 

•  See  note  on  page  373. 
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CHAPTER  XI 

INSTANCE  TO  TENSION.    PROPERTIES  OF  IRON 

AND  STEEL 

BIT 

HERMAN  CLAUDE  fi£R&Y 

mSBOl  OF  MATERIALS  OF  CONSTRUCTION,  UNIYERSITY  OF  PENNSYLVANIA 

L  D«ll]iitions,  Wortiac  Stretiet  and  Bzamplei 

&•  HllimRto  Tenalte  Strength  of  a  material  is  the  amount  of  internal 
B  wUdi  a  secdoD  (»e  square  inch  in  area  is  capable  of  exerting  against  an 
kail  aiial  force.  It  b  the  unit  stress  or  intensity  of  stress,  expressed 
loaodi  per  square  inch*  which  the  material  can  withstand.  It  is  often  called 
r  acHAiE  strength  or  xtltdcate  stress  of  the  material.  Its  value  for 
raiterial  depends  on  the  tenacity  of  the  fibers  or  the  cohesion  of  the  particles 
ilidi  tbe  material  is  composed. 

li  Aiial  Foree  is  one  which  acts  uniformly  over  the  section  of  a  prismatic 
k  » that  the  resultant  of  the  distributed  forces  coincides  with  the  axis  of 
kHf.  Hence  the  total  axial  force  which  any  cross-section  of  a  body  will 
It  B  the  product  of  the  ultimate  strength  of  the  material  and  the  area  of 
ia«-section,  in  square  inches. 

prfi  Voddng  Streo.  The  ultimate  strength  of  different  building  materials 
Ibeei  foond  by  pulling  apart  bars  of  known  dimensions  and  (fividing  the 
krisBiB  load  each  sustained  by  the  area  of  the  bar  before  testing.  This  uiti- 
te  ticogth,  however,  must  not  be  used  to  proportion  the  size  of  members 
ibactons,  because  of  variations  in  material,  hidden  defects  and  imperfect 
fbniirfiip;  and,  especially,  because  of  indefiniteness  as  to  the  maximum  load 
loiy  be  imposed  on  the  structure.  To  provide  safety  againiit  the  rupture 
1  BBiBber  and  the  consequent  failure  of  the  structure  from  any  of  these 
feH^  the  piDportiooa  of  the  members  must  be  bated  on  safe  worxino  stresses 
tt  lie  usually  some  fractional  part  of  the  ultimate  strength  found  by 
hBBCDt  to  provide  proper  security  against  failure. 

lb  FlMlor  of  Safety  is  the  ratio  of  the  ultimate  strength  to  this  safe 
lar  itsen  for  that  material.  Its  vsAut  ranges  generally  from  2  to  xo, 
iMfiig  upon  the  nature  of  the  material  and  the  service  to  which  it  is  applied. 
^  Voridng  Stress  in  Tention.  Table  I  gives  these  values  for  various 
iac  outeiials.  The  total  safe  load  that  may  be  applied  to  a  piece  of 
jEDilof  nnHbrm  section  is  found  by  multiplying  the  cross-section  of  the  piece, 
pan  inches,  by  the  safe  working  stress  opposite  the  name  of  the  material 
Akh  the  piece  is  oomposed. 
kaif  P-thesafekMulinlb, 

St  ^  the  allowable  safe  working  stress  in  tension, 
'        6-i  the  width  of  a  rectangular  bar, 

A-  the  depth  of  a  rectangular  bar, 

^«  the  diameter  of  a  round  bar, 
hndti,  for  a  lectanguhr  bar, 

.  P'bhSt  (i) 

I  P- 0.7854  i»5i  (2} 
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of.  cross-section  to  support  a  load  P  is,  for  a  rectangular  bar. 


^-i 


an4  iorra  xotwi  bar 


V  o.: 


.785451 

Table  L    Safa  WotldBg  Stren  in  Teatioa  for  Buildiac  Katariala  • 


Materid 

I  ti  I  ■    .I.I 


Ca«t  iron. 

Wrought  iron 

Steel,  medium 

Chestnut 

Douglas  6r 

Hemlock 

Pine,  loog-leaf  yellow . 
Pine.  slKMt-leaf  yelknr . 

Pine,  Norway 

Pine,  white 

Redwood 

Spruce 

White  oak 


>fe  stress 

lb 

• 

per  so  in  ( 

3  000 

X2   000 

x6  000 

850 

800 

600 

X  200 

goto  ■ 

Soo 

700 

700 

800 

X  300 

*  Not*.  For  woods  these  values  may  be  increased  up  to  30%  for  selected,  po 
protected,  commercially  dry  timber,  zwt  subject  to  impact,  that  is,  for  ideal  ccod 
(See,  also,  pages  637  and  647.) 

Bnmpia  x.  What  size  of  mediiim-steel  angle  should  be  used  to  sust 
tensile  force  of  64  000  lb? 

Answer.    By  Formula  (3), 

64  000 

the  net  sectional  area  » 4.00  sq  in 

j6ooo 

From  the  Table  of  the  Properties  of  Angles  (Chapter  X)  we  find  that  1 
4  by  ^in  angle  has  an  area  of  4.61  sq  in,  which  is  to  be  reduced  by  «  W* 
for  a  f^-in  rivet,  leaving  4.61  —  (^  XH) "  4-o6  sq  in,  net  area.  This  is  si 
in  excess  of  the  required  amount. 

The  SAFE  LOAD  fof  angles  commonly  used  in  roof-trusses  is  giyen  iu  Tal 
and  the  reduction  in  sectional  area  caused  by  rivet-holes,  in  Ta^ 
this  chapter,  and  in  Table  I,  Chapter  XX.  See  also,  Chapter  XII,  pa« 
paragraph  on  Punching  Rivet-Holes. 

Sxample  a.  What  aze  of  white-pine  tie>beam  should  be  used  to  sua 
tensile  force  of  60  000  lb? 

Answer.    By  Formula  (3) « 

oo  000 

the>net  sectional  area  *  «  85.7  an  in 

700         "     -^ 

g.  • 
If  the  depth  is  taken  at  12  in,  the  net  width  must  be  — ^  •■  7.3  in.    Alio 

12 

must  be  made  for  the  increase  in  tension  on  the  lower  side  of  the  beam,  t 
its  own  weight,  and  also  for  any  cutting  that  may  be  necessary  in  nnakii 
ccAmections  or  holes  for  truss-rods.    If  there  is  a  2-in  hole  through  the  Im 
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\kf  i3-m  timber  must  be  used.  This  makes  allowance  for  the  weight  of  the 
m  ibeif.  If  the  unsupported  length  of  the  beam  is  great,  the  allowance  for 
^■oglit  must  be  made  according  to  the  methods  explained  in  Chapter  XV, 
p  572,  for  the  calculation  of  tie-beams  subjected  to  transverse  loading. 

^  2.  Wrpiifht  Iron 

Hmbeliire.  Wrought  iron  is  a  mizture  of  pure  iron  and  slag,  about 
K  loa  sod  3%  slag,  together  with  from  ^  to  %%  of  other  elements  including 
to,  phflipborus,  sulphur  and  manganese.  It  is  made  from  pig  iron  and 
fwi%  nr  mill  iraltj  in  a  wmmAemUtry.  fumaoe .  c^niigting^  a  -fiagbox,  a 
mk  or  vorking-cfaamber,  and  the  necessary  dampers  and  flues.  The  impur- 
aiR  lemorved  from  the  iron  at  different  stages  in  the  process,  silicon  and 
kipaese  during  the  melting-down  st^^,  part  of  the  phosphorus  and  sulphur 
RictlK  deaiing-stage  and  the  carbon  anid  remainder  of  the  phosphorus  and 
Ijkn  dining  the  boiling-stage.  The  iron  is  then  in  a  pasty  condition  ready 
ttthofough  stirring  by  the  worknum,  who  collects  it  into  balls  of  about  80  lb 
^  lad  takes  it  to  a. squeezer  or.foige  where  the  greater  part  of  the  slag  is 
livcl  It  is  then  rolled  out  into  muck-bars.  These  bars  are  cut  into  pieces 
idkiR  piled  into  bundles  suited  to  the  size  of  the  finished  bar.  The  piles 
tloted  and  rolled  again.  The  rolling  reduces  the  amount  of  slag  and  makes 
(utoial  denser.  The  process  of  rerolling  may  be  repeated  a  number  of 
Rs  to  produce  double  or  triple-refined  mebchamt-bar  iron. 

he  Affearaaca  of  Wrought  Iron  is  very  much  like  that  of  steel.    It  may 
from  steel  by  nicking  one  side  of  the  bar  and  bending  it  away 
Iron  wtU  split  along  the  slag-laminations  and  show  the  coarsely 
■atue  of  the  material;   while  steel  will  bend  or  rupture  at  the  nick 
spitting,  any  fracture  being  finely  hbrous  or  crystalline.    When 

en  a  tensioo-test  wrought  iron  shows  a  dark  fibiona  fcactare.    If  the 
is  grooved  before  testing  or  broken  in  impact  the  fracture  will  be 
■Mr  oystalfine. 

MiL  Wroii^t  lion  Is  more  easfly  welded  than  steel  because  the  work 
f  be  accomplished  through  a  wider  range  of  temperatiue  than  with  steel. 
M  nay  develop  the  full  strength  of  the  bar,  but  tests  on  hand-forged  welds 
femb  tie4Mis  reported  by  Kirkaldy  gave  average  values  of  about  60%  of 
|«Bensth  of  the  bar. 

ML  Wfoogfat  iron  is  no  longer  used  for  the  manufacture  of  structural 
'pa»  such  as  angles,  channels  and  beams,  its  use  for  structural  work  being 
HUly  Emited  to  bars,  rods  and  bolts.  It  can  be  worked  more  easily  than 
liftfaeading-inachines;  and  on  this  account,  unless  steel  is  specified,  some 
linnin  will  furnish  truss-rods,  bolts,  etc.,  in  wrought  iron. 

Ipsritortiona  *  for  Wrought  Iron.  Wrought  iron  may  be  purchased  under 
Spedficatioiis  of  Xhe  American  Society  for  Testing  Materials. 

btirial  CoTored.  i.  These  spedficationscover  two  classes  of  wrought-iron 
u,  as  detennined  by  the  kind  of  material  used  in  their  manufacture,  namely : 

Class  A,  as  defined  hi  Section  2  (ft>; 
Class  B,  as  defined  in  Section  2  (c); 

ooe  Specifications  for  Wrought-lron  Plates  are  issued  by  the  Society  under  the 
lfa%nticMi  A  43.  They  were  adopUd  hi  1913  and  revised  in  19x8.  There  are  also 
I^Staadaid  Spedfications  for  Staybolt  Iron,  JRefioed  Wrought-lron  Bacs,  Iron 
PU^In,etc 
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I.  Masufacture 

Procesa.  3.  (a)  All  plates  shall  be  rolled  from  piles  entirely  free  (ion 
admixture  of  steel. 

(b)  Piles  for  Class  A  plates  shall  be  made  from  puddle-bars  made  wholly 
pig  iron  and  such  scrap  as  emanates  from  rolling  the  plates. 

(c)  Piles  for  Class  B  plates  ^hall  be  made  from  puddle-bars  made  whoUy 
pig  iron  or  from  a  mixture  of  pig  iron  and  cast-iron  scrap,  together  with  m9 
iron  scrap. 

n.  Physical  Propertief  and  Taata 

Tanaion-tafts.  3.  (a)  The  plates  skaH  omform  to  the  fblbwing  mini 
requirements  as  to  tensile  pcopertkt: 


Prapertics  considered 

Class  A 

OavB 

6  in  to  24  ia 

incl. 

in  width 

Over  t4  fa  6  in  to  34  in 
to)oin          incl, 

incl,          in  width  - 
in  width 

Over; 

toy 
iw 

mm 

Tensile  strenRth,  lb  per  sq  in 

Yield-point,  lb  per  sq  in 

Elonsation  in  8  in.  oer  cent 

49000 

26000 

16 

1 

48000 
26000 

17 

48000 
26000 

14 

47  < 
26< 

14 

(5)  The  yield-point  shall  be  determined  by  the  drop  of  the  beam  of  the  te 
machine.  The  speed  of  the  cross-head  of  the  machine  shall  not  exceed  H  > 
minute. 

MadiHeationa  in  Bloagatian.  4.  For  plates  under  7^«  in  in  thickv 
deduction  of  1  from  the  percentages  of  clongatian  specified  in  Section  3  shi 

made  for  each  decrease  of  He  in  in  thickness  lielow  M«  in. 

Band  Ttita.  5.  (a)  Coli>-Bekd  Tests.  The  test-specimen  ah^ 
cold  through  90°  without  fracture  on  the  outside  of  the  bent  portion,  aa  fn 
For  Class  A  plates,  around  a  pin  the  diameter  nf  which  is  equal  to  zH  Uift 
thickness  of  the  specimen;  and  for  Class  B  plates,  aroiuid  a  pin  the  diaiM 
which  is  equal  to  three  times  the  thickness  of  the  specimen. 

ib)  Nick-Bend  Tests.  The  test-spedmen,  when  nicked  on  one  sidi 
broken,  shall  show  for  Class  A  plates,  a  wholly  fibrous  fracture,  and  for  C 
plates,  not  more  than  10%  of  the  fractured  surface  to  be  crystalline. 

Test-tpecimena.  6.  Tensbnand  bend-test  spedroensshaUbe  takoi 
the  finished  pUtes  and  shall  be  of  the  full  thickness  of  plates  as  roUed. 
longitudinal  axis  of  the  spedmen  shall  be  parallel  to  the  direction  in  whii 
plates  are  rolled. 

Nvmber  of  Tatts.  7.  (a)  One  tension,  one  cold-bend  and  one  nicj 
test  shall  be  made  for  each  vatiation  in  thidcness  of  H  in  and  not  less  tb 
test  for  every  ten  pfetes  as  rolled. 

ib)  If  any  test-spedmen  fails  to  conform  to  the  ceqnirements  spcoi 
reason  of  an  apparent  local  defect,  a  retest  shall  be  made.  If  the  retest  ala 
the  plates  represented  by  such  test  will  be  rejected. 

m.  rtniah 

Finiah.  8.  The  plates  shall  be  straight,  smooth,  and  free  from  cinde 
ind  holes,  injurious  flaws,  buckles,  bCsters,  seams,  and  laminations. 
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IV.  Muldiic 

liikias.  9.  The  plates  shall  be  stamped  or  otberwiae  marked  as  designated 
^ihe  pBidiaaer. 

V.  Inspection  and  Rejection 

hfptcfion.  10.  (a)  The  inspector  representing  the  purchaser  shall  have 
jicDtiy,  at  all  times  while  work  on  the  contract  of  the  purchaser  is  being  per- 
ped,  to  an  parts  of  the  manufacturer's  works  which  concern  the  manufacture 
&  plates  ordered.     (See  complete  Specifications  for  Sections  10,  11  and  12.) 

S.  Cast  Iron 

fiut  Iron  has  been  defined  as  a  saturated  solution  of  carbon  in  in»i,  the 
AB-oontent  vazyin^  from  i^  to  4%  according  to  the  other  impurities  con- 
bi  It  is  hard,  brittle,  non-nudleable  and  very  fluid  when  melted,  so  that 
bvdl  adapted  for  casting  into  complex  forms. 

Ibnrfictiire.  It  is  produced  in  the  blast-furnace,  which  is  essentially  a 
M  icfractory-lined  stack,  with  a  valve-charging  device  at  the  top,  tuyeres 
^Bdngs  in  the  lower  part  for  the  introduction  of  the  air-bkist,  and  a  hearth 
tte  botUMB  with  a  tap-hole  for  the  periodic  withdrawal  of  the  iron  and  slag. 
kmoiMX-iBOiv  is  cast  into  pigs  about  3  ft  long  and  weighing  about  too  H> 
I.  Fun  turn  t-CASTiKC6  are  made  from  pio  bon  and  acaxp  melted  in  a  cupola 
Ipnred  into  green-sand  molds.  The  charge  is  made  up  of  diflferent  quanti- 
l«f  the  diicicnt  grades  of  pig  so  as  to  control  the  physical  properties  of  the 
1^  piindpaOy  through  control  of  the  silicon-content. 

tfpemace.  Castings  have  a  gray  or  white  fracture  according  to  the  condi- 
Nthe  ooBtained  carbon,  the  gray  fracture  indicating  graphitic  or  separated 
ho  and  the  white  the  combined  carbon.  Gkay  ikon  is  softer  and  tougher 
I  a  specified  for  ordinary  castings. 

Ibnglk.  Cast  iron  does  not  have  a  definite  elastic  limit.  A  relatively 
■  trem  wiD  produce  some  permanent  deformation.  Its  ultmate  tbnsilb 
Kacn  varies  from  15  000  to  20  000  lb  per  sq  in;  and  in  some  iron  is  as  high 
p  000  lb  per  sq  in.  Its  coupbbssive  stsenotk  varies  over  a  wide  range, 
IBS  lb  per  sq  in  being  a  lair  average  vahie. 

khdtB.  Castings  are  liable  to  several  common  defects  the  chief  of  which 
Hov-holes  doe  to  the  formation  of  steam  from  the  damp  molds,  sand-holes 
t0  misplaced  sand,  rough  surfaces,  cold  shuts  due  to  chilling  of  the  iron 
(Unre  to  fin  the  parts  of  the  mold,  shrinkage-cracks  due  to  uneven  cooling 
bcutings  in  parts  of  different  thickness.  In  cored  castings,  also,  the  walb 
kqmtiy  of  variable  thickness  because  of  the  shifting  of  the  cores.  Thb  is 
Mr  frequent  in  case  of  hollow  columns  cast  In  a  horixontal  position. 
hae  of  these  defects  and  on  acooant  of  the  low  itltimate  stbengxh,  cast 
be  used  wliere  it  is  subjected  to  any  great  tensile  stress. 

for  Cast  Iron.    The  specifications  of  the  American  Society 
pestiqg  Materials,  for  gkay-ieon  castings,  indude  the  following  require'- 

Unless  FUKNACB-raoN  is  specified,  all  gxay  castings  are  understood  to  be 

^br  the  cupola-process. 

Ihe  suLPHra-coMTENTS  are  to  be: 

For  light  castings,  not  over  o.to  per  cent. 

For  metfinm  castings,  not  over  o.xo  per  cent. 

For  heavy  castings,  not  over  0.13  per  cent. 


^^ are  isKied  under  the  fixed  designation  A  48.    They  were  adopted 

in  19x8.    The  complete  specification  can  be  obtained  from  the  Society. 
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3.  In  dividing  castings  into  uoftT,  UEDtcni  and  heavy  classes,  the  folk 
standards  have  been  adopted: 

Castings  having  any  section  less  than  H  in  thick  shall  be  known  as  : 

CASTINGS. 

Castings  in  which  no  section  is  less  than  2  inches  thick  shall  be  kna 

HEAVY  CASTINGS. 

Medium  castings  are  those  not  included  in  the  above  classification. 

4.  Transverse  Test.    The  minimum  breaking  strength  of  the 
tration-bar  under  transverse  load  shall  be: 

For  light  castings,  not  under  2  500  lb. 
for  iQedium  castings,  not  under  2  900  lb. 
For  heavy  castings,  not  under  3  300  lb. 

In  no  case  shall  the  deflection  be  under  o.io  in. 
Tension-Test.    Where  specified  this  shall  be: 

For  light  castings,  not  less  than  18  000  lb  per  sq  In. 
For  medium  castings,  not  less  than  21  000  lb  per  sq  in. 
For  heavy  castings,  not  less  than  24  000  lb  per  sq  in. 

The  specifications  give  explicit  directions  for  casting  the  arbrratio 
which  is  iV4  in  in  diameter  and  15  in  long.  Two  of  these  are  cast  fo 
twenty  tons  of  castings.  One  of  each  pair  must  fulfill  the  requirements  1 
mit  acceptance  of  the  castings.  The  bar  is  loaded  at  the  middle  at  a  ral 
will  cause  a  o.zo-in  deflection  in  from  twenty  to  forty  seconds.  The  ti 
test  is  not  recommended. 

zi.  Castings  shall  be  true  to  pattern,  free  from  cracks,  flaws  and  ex< 
shrinkage.  In  other  respects  they  shall  conform  to  whatever  points  al 
specially  agreed  upon. 

4.   Steel 

Steel  is  a  mixture  of  compounds  of  iron  and  carbon  with  small  quant 
other  elements,  including  manganese,  phosphorus,  sulphur,  silicon,  etc 
carbon-content  controls  the  hardness  and  strength  of  the  steel.  Les 
o.xo%  of  carbon  is  present  in  the  soft  steels,  which  have  most  of  the  1 
terlstics  of  wroitght  iron;  while  steel  with  more  than  0.40%  carbon  is  i 
of  being  tempered,  cannot  be  welded  and  is  very  much  stronger.  I^f  ax 
acts  as  a  cles^ser  during  the  process  of  manufacture,  and  increases  the 
ab  lity  of  the  steel.  Phosphorus  and  sulphur  are  harmful  in  their  effects 
phorus  making  steel  brittle  imder  sudden  loading  and  sulphur  malfing  it  he 
or  brittle  when  heated. 

Mantifacture.  Structural  steel  is  manufactured  by  the  Bessem 
the  open-hearih  processes.  In  the  first,  molten  cast  iron  is  charg^ 
Bessemer  converter,  an  air-blast  is  driven  through  the  charge  from  pexf c 
in  the  false  bottom  of  the  converter  and  the  silicon,  sulphur  and  carbon 
out.  Carbon  in  the  iotm  of  ferro-manganese  is  then  added  to  dcoxic 
charge  and  give  the  proper  content  of  carbon  in  the  finished  steel,  « 
quickly  drawn  off  and  poured  into  ingots.  Phosphorus  is  not  remove 
narily  by  the  Bessemer  process;  but  if  the  lining  of  the  converter  is  3 
basic  material,  such  as  dolomite  limestone,  and  if  lime  is  added  with,  the 
the  phosphorus  will  unite  with  it  and  be  poured  off  with  the  slag. 

The  Open-Hearth  Proceta.    In  this  process  scrap-steel,  pig-iron,  or 
furnace-iron  and  limestone  flux  are  charged  on  the  h^rth  of  a  Siemens 
a  redudng  gas-flame  is  directed  onto  the  charge  and  the  carbon    an 
Impurities  are  gradually  removed.    When  the  reduction  is  about  complel 
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biie  taken  and  carbon  determined  so  that  the  charge  may  be  withdrawn  at 
epnper  time.  The  process  thus  permits  of  much  more  accurate  ontrol  of 
epodnct.  The  material  is  more  uniform  and  oonsequently  mote  dependable 
«moe  than  Bessemer  steel.    Ofen-heakth  steel  is  used  for  most  struc- 

AoipkoinM  may  be  removed  by  the  basic  process  as  in  case  of  Bessemer 
pi  0r5  nmning  low  in  phosphorus  are  generally  used  in  America  so  that 
ihsk  process  is  Uttle  employed  here. 

He  Effect  of  Carbon  and  Plios^orns  on  the  static  strength  of  steel 
riiK  fioiits  of  carbon  inchided  in  structural  st«el  is  an  increase  in  strength  of 
■t  1000  lb  per  sq  in  for  each  0.01  %  increase  in  either  element.  Cunning- 
as  fomula 

St  —  40 000+  100  000  (C  -i-  P) 

B  the  approximate  relatioD  between  the  strength  and  the  chemical  compost- 
a  C  azMl  P  are  respectively  the  amounts  of  carbon  and  phosphorus  ex- 
mei  in  peroenta^.  For  example,  the  ultimate  strength  of  a  steel  having 
1%  ozbon  and  0.07%  phosphorus  is,  approximately, 

Si  a  40  000+  xoo 000  (0.15  -h  0.07)  >  62  000  lb  per  sq  in 

Hi  Fncaatage  of  Elongation  decreases  as  the  carbon-oontent  and  dlix- 
B  snEiicni  increase.    An  approximate  relation  is 

I  400  000 
percentage  of  elongation  ■■  — 

Rthe  total  elongation  of  a  ruptured  specimen  is  due  to  the  local  stretch- 
it  the  point  ci  rupture  and  the  uniform  ebngation  over  the  whole  gauge- 
ph,  it  is  necessary  to  report  the  gauge-length  when  reporting  this  result. 
K  die  local  elongation  is  the  same  for  a  2  or  an  8-in  length,  the  percent- 
^ELOHCATiON  for  the  same  nmterial,  tested  on  a  s-in  gauge-length,  is  greater 
1  if  nmsmed  on  an  8-in  length. 

hi  Elasdc  BehaYlor  of  a  spedmen  of  steel  loaded  to  rupture  is  best  shown 
tsiiEss^siKAiN  diagram  on  which  the*  stresses  are  ptotted  as  vertical  ordi- 
tt  and  the  elongations  or  strains  as  abscissas,  as  in  Fig.  1.  Five  significant 
kiaie  shown: 

^  Ihi  Modalna  of  Blatti«:ity  (£).  The  relation  between  the  stress  and  the 
b  or  ciongatioa  is  called  thd  modulus  of  elastictty.  It  is  equal  to  the 
Staas  cfivided  by  the  unit  strain  or  deformation  and  is  represented  gr&ph- 
f  fay  the  tangent  of  the  angle  of  the  initial  Ibe  with  the  horixontal.  Its 
kftir  sled  for  tension  is  about  50  000  000  lb  per  sq  in. 

I  Yhe  Blastk  Limit  {E.L.)  is  that  unit  stress  beyond  which  the  ratio  of 
I  to  strain  ceases  to  be  constant,  or  beyond  which  the  curve  ceases  to  be  a 
iktEoe. 

[ths  Tield-Point  (KJ^.),  slightly  above  or  beyond  the  elastic  limit, 
K  unit  stress  at  which  the  specimen  begins  to  stretch  without  increase  in 
pd.  This  stress  may  be  determined  from  a  test  without  the  use  of  deii- 
Btftsorini^-apparatus  by  the  DROP  of  the  beam  or  halt  in  the  gauge 

Streagth  iU.S.)  is  the  greatest  unit  stress  the  specimen 


fe 


{R)  is  the  unit  stress  at  the  time  of  failure.    This  is 
at  tlie  point  of  failure  after  the  area  of  the  cfoas*sectiea  of  the 
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qMrimen  hai  been  redaced;  and  bwaiue  of  the  ni»d  dropiNDf  off  ol  the  I 
it  ii  difficult  to  drtennine.  Il  ii  not  regukrlv  obmveil  in  leAing.  attcal 
bdog  called  to  it  sierely  to  taijiiMae  the  fact  that  tlie  dlidute  siuhm 
Meel  k  oat  the  ttnn  at  the  time  <rf  failure  of  the  sfiedmsi.  lUi  b  true,  i 
(or  wrought  iron  and  ductile  matecials  in  geoenl. 
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a       b  Dolt  eloBnatloD 

Tbe  horlzODtol  Male  for  tlie  dtatiunie  b  6  li  teo 

times  srenter  tban  for  tbe  remaiuins  diatuic« 

FiC  I.    Strca»ilnla  Diunun  of  Tut  on  Stsd  SpecbMa. 

Effect  ot  Pnnchinc  and  Sbearias-  Structural  steel  i>  hardenad  Ir 
BCtioD  of  the  punch  and  sheaf  in  tbe  proceM  of  mBBufactuie  in  the  abop 
the  die«ide  the  metal  is  forced  to  flow  from  the  tool  aad  this  cold  m 
hafdeoa  and  injuns  it  as  nay  be  itiowB  by  a  oold-benit  test.  The  eSea:! 
be  removed  by  aaaeaUpgi  but  id  the  best  work  it  il  usually  specibec 
rivet-holes  shall  be  leaned  dudng  tbe  avcmbiios  of  the  paru.  'HiU  km 
Ihe  bjured  metal  and  tilings  the  puts  into  better  alinemeat  for  the  ina 
of  the  civets.    The  injury  from  iheaiing  may  be  removed  by  milling  the  si 

Til*  Coeadent  ot  EipaaiioD  ol  steel  is  0.000  ao6  5  per  degree  Faiuv 
Tbe  ELOHCVTioH  in  a  length  ',  due  to  a  change  in  temperature  at  I  dega 


ia  wbidi  I  a  expressed  in  inches  aod  ( in  degrees  Fahrenheit. 

TiM  Vd«ht  at  StMl  is  taken  at  4B9.6  lb  per  (u  ft.  The  wctiAoal  ■ 
a  member  in  square  inches  multiplied  by  34  equals  the  weight  io  poun 
linear  foot. 

Th«  WnUag  SlTMi  for  Wwctund  ttaet  to  tctuioa  la  buildiaci  cod  bet 


Standard  Spedfiratioiifl  for  Structural  Steel  for  Bufldi&ss     Ml 

10  lb  po  sq  in  ta  most  ipedfications  a»9  biiflding^la^s.    For  mctai^en 
9X  Co  constant  load  some  designers  use  a  wokkimo  STaess  of  20000  lb 


1  Steadnd  SpedtctlloBtifor  9lr«ctttnl  8t«4t  f or  Dillldltiga 

-M*^*****  These  spedficatioas  are  issued  fay.  the  American  Sodsty  for 
tcMstcnab  under  the  fixed  designation  A  9.  llwy  weie  adopted  in  zfoz 
Bvaed  in  1909^  19x3,  29x4  and  1916.    Extracts  from  these  spedficatioas 

t 

m 

I.  Manttfacturo 

Ksss.  z.  (a)  Structural  steel,  except  as  noted  la  Paragraph  (6),  may  be 
%  the  Bessemer  or  the  open-hearth  process. 

Km  steel,  and  steel  for  plates  or  angles  over  ^  In  in  thickness  wl^ch  are 
ynched,  shall  be  made  by  the  open-hearth  process. 


Q.  Ck«nleal  Prop«rtiM  and  Teats 

Mkal  ComposltioB.    3.  The  sted  shall  conform  to  the  folkymng  io» 
■itfs  as  to  chemical  composition:  . .     ^  - 


Oe 

9  _  _%              .^       .  ^ 

Stroctuxal  steel 

Kivet  steel 

"\op^p4waxth.V.! 

not  over  0. 10  per  cent 
not  over  0.06  per  cent 

ifcOR 

Is.. 

not  over  0.06  per  cent 
not  over  0^045  per  cent 

■i  Analyaes.  3.  An  analysis  of  each  melt  of  steel  shall  be  made  by  the 
iKtucr  to  drtrrminf  the  percentageaof  carbon,  manganese,  phosphows 
d^hnr.  This  analysis  shall  be  made  from  a  test-ingot  taken  during  the 
H  of  the  melt.  The  chemical  composition  thus  determined  shall  be  re- 
tlo  the  porchaaer  or  his  representative,  and  shall  conform  to  the  require- 
iipedfied  in  Section  2, 

idtAaali»M.  4.  Analyses  may  be  made  by  the  purchaser  from  finished 
U  lepnaendng  each  meh.  The  phospharus  and  sulphur-content  thus 
■ud  shall  not  exceed  that  spcd&ed  in  Section  2  by  more  than  35  per  cent, 

UL  Physical  Properties  and  Tests 

irisn-Tasts.  5.  (a)  The  material  shall  conform  to  the  following  require- 
as  to  tensile  properties: 


Praperties  considered 

Structural  steel 

Rivet  steel 

k  iiftiMlh-  lb  ner  so  ip. 

55000*^5000 

0.5  tens,  strength 
X  400  ooo* 

46  000*56  000 
0.5  tens,  strength 
X  400000         1 

tttoii*  imft.  lb  Dcr  aain 

Sooaae  m^nint  per  cuu.  ......k. 

tens,  strength 

tens,  strength 

*  See  Section  6. 
Ife  yisM-pointdtttt  be  dsttiMlned  by  the  diop  of  the  beam  of  the  testing* 
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ModillcAtloiit  in  Klowgatlon.    6.  (a)  For  staictural  steel  over  H  in  in.: 
ne88»  a  deduction  of  x  from  the  percentage  of  elongation  in  8  in,  specif 
Section  6  (a),  shall  be  made  for  each  increase  of  H  in  in  thicknem  above 
to  a  minimum  of  i8  per  cent. 

(b)  For  stniotiiral  9teel-under  fi«  in  in.  tfaki^neffOb  9k  dcdnction.  of  a<5  ^rs 
percentage  of  elongation  in  8  in,  specified  in  Section  5  (a),  shall  be  made  fo 
decrease  of  H«  in  ii^  thickness  below  M«  in. 

Bend  Tests.  7.  (a)  The  test-spedmen  for  plates,  shapes  and  bars,  ex< 
specified  in  Paragraphs  (5)  and  (c);  shall  bend  cold  through  i  So*  without  cr 
on  the  outside  of  the  bent  portion,  as  follows:  Foi;  material  H  in  or  u]^ 
thickness,  flat  on  itself;  for  material  ovev  f^ln„  to  and  including  x  ^  in  in 
ness,  around  a  pin  the  diameter  of  which  is  equal  to  the  thickness  of  the  spe 
and'for  material  over  x  K  in  in  thickness,  around  a  pin  the  diameter  of  w 
equal  to  twice  the  thickness  of  the  specimen. 

{b)  The  test-spedmen  for  pins,  rollers,  and  other  bars,  when  prepa 
spedfied  in  Section  8  (e),  shall  bend  cold  through  x8o**  around  a  x-in  pin  ^ 
cracking  on  the  outside  of  the  bent  portion. 

(c)  The  test-spednftte  for  rlvtt  steel  shall  bend  oold  ttuoiigh  180*  flat  o 
without  cc^kcking  on  the  outside  of  the  bent  portion.    . 

Test-Specimens.    8.  (a)  Tension  and  bend-spedmens  shall  ht  tmkib 

rolled  steel  in  the  concfi 
which  it  comes  f toob  th 
except  as  sptdAtd,  in 
graph  (6). 

{b)  Tension  and  be 
spedmens  for  pins  and 
shall  be  taken  from  1 
ished  bars  after  aiit 
when  annealing  is  sped 

(e)  Tension   and   b« 
spedmens  for  plates, 
and  bars,  except  -as  *sj 
in -Pamgrsphs- (^^    (< 

tnd  n 
and  dimensicms  shown  in  Fig.  1a,  or  with  boti 


—  AbootlS^^ 


I 

I 
I 


I* ^ 

Fig.  lA.    Fonn  of  Specimen  for  Steel-test 
(/),  shall  be  of  the  full  thickness  of  the  matkial  as  iblled; 


Radios 
Boi  less 
tiuu&M"- 


machined  to  the  form 
parallel. 

(d)  Tension  and  bend-test 
spedmens  for  plates  over  i  H 
in  in  thickness  may  be  ma- 
chined to  a  thickness  or  diam- 
eter of  at  least  ^i  in  for  a 
length  of  at  least  9  in. 

(e)  Tension-test  spedmens 
for  pins,  rollers  and  bars  over 
x  H  u^  in  thickness  or  diameter 
may  conform  to  the  dimen- 
aons  shown  in  Fig.  2.  In  this 
case,  the  ends  shall  be  of  a 
form  to  fit  the  holders  of  the 

testing-machine  in  such  a  way  that  the  load  shall  be  the  axial.  Bend-ta 
mens  may  be  i  by  H  in  in  section.  The  axis  of  the  specimen  shall  be  Ich 
soy  point  midway  between  the  center  and  surfece  and  shall  be  p**— 11^ 
of  the  bar. 


i    »'Q«ge Length  J 

Hat»  ^  Guf  hengfht  Pttmilel  Portions 
iBuJl  be  as  •hown,'bnt  dm  end* 
Form  trhich  will  lit  the  Hold< 


beoCa 


Fig.  2.    Fonn  of  S)iediiice  for  Piaa,  ItoBete, 

etc,  Over  i>i  incbes  Tuick. 
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[liBsioo  and  bend-teaC  t**^*"***  {<^  <1^^  *t^  ^^^  be  ol  the  fuO-obe 
■  efbalsasiolfed. 

■ber  of  Tests.  9.  {a)  One  tenakm  and  one  bend-test  shaD  be  made  from 
■ek;  except  that  if  material  from  one  melt  differs  H  in  or  more  in  thicknesB, 
feaioD  and  one  bend-test  shall  be  made  for  both  the  thickest  and  the 
Bt  naterial  rolled. 

Ktest-spedmen  shows  defective  machining  or  develops  flawSi  it  may 
and  another  specimen  substituted. 
f  V  the  percentage  of  elongation  of  any  tension-test  specimen  is  less  than 
ppHJfied  in  Section  5  (a)  and  any  part  of  the  fracture  is  more  than  K  in 
jkt  center  of  the  gauge-length  of  a  3-in  specimen  or  is  outside  the  middle 
Nf  the  gaiige-lengiA  of  an  IPfn^spedihfen;  is'ifldteated'by  scribe-scratches 
iedoQ  the  spedmen  before  testing,  a  retest  shall  be  allowed. 

I      I?.  Pernsissihls  Vsriatioiis  in  Weight  and  Thickness 

Nrtwihie  Vsrintions.  10.  The  cross-section  or  weight  of  each  piece  of  steel 

|iQt  vary  more  than  3.5  per  cent  from  that  specified;  except  in  case  of 

led  phtes.  which  shall  be  covered  by  the  following  permissible  variations. 

bUc  inch  of  rolled  steel  b  assumed  to  weigh  0.3833  lb. 

I  Wbeit  Ordered  10  Weight  per  Square  Foot:  The  weight  of  each  lot  fn 

npBient  shall  not  vary  from  the  weight  ordered  more  than  the  amount 

^mTible  I.* 

I  Wnv  OiPEXED    TO  Tbickkess:  The  thSrkwws  of  each  plate  ahsU  not 

Eie  tiisn  0.01  in  under  that  order. 
wueUgbi  of  each  kt  in  each  shipment  shall  not  ezoeed  the  aoMWint 
nuen.* 

[  V.  Finish 

■A.  II.  The  finished  materia]  shall  be  free  from  injurious  defects  and  shall 

jswocfcaaxiKke  finish. 

VL    Msrking 

kdng.  13.  The  name  or  brand  of  the  manufacturer  and  the  melt-number 
Wl^iUy  stamped  or  rolled  on  all  finished  material,  except  that  rivet  and 
Man  and  other  small  sections  shall,  when  loaded  for  shipment,  be  property 
bed  and  mariced  for  identification.  The  identification-marks  shall  be 
k  siamped  on  the  end  of  each  pin  and  roller.  The  melt-number  shall  be 
1^  sailBed,  by  stamping  if  pracUcal,  on  each  test-^pedmea. 

Vn.  Inspection  snd  Rejection 
Piectien.    13.  (See  complete  Specifications  for  Sections  13,  14  and  15.) 

•  ft.  Tsnsion-Memhers 

pm.  The  best  section  for  tension-members  of  relatively  small  size  depends 
tea  the  kind  of  end-connections  used.  Angles  or  channeb  are  generally 
tirrifetedconnectioBa.  For  very  small  members  rectangular  bai>,  such  as 
|baii^  say  be  used.  The  strength  of  such  membeis  is  computed  on  thtf  net 
mm^  the  rfvet-holes.  Angles  used  in  tension  should  have  lugs  riveted 
eoetitanding  legs  and  the  tie-plate  for  the  better  distribution  of  the  stress 
section.  Tests  on  angles  with  riveted  connections  reported  by  F. 
it  8a;vcii€in77to86%of  thesttengthof  thetaiaterialssdioiinby 


il  and  n  aie  omitted  here  for  lack  of  space.    The  complete  specifications 
Erom  the  Society. 

of  the  American  Society  for  Testing  Materials,  Vol.  VI,  1906. 
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teo^a-tests  on  standard  q;)ecixnea$  cut  fzom  these  angles.  Lugs  increaaec 
strength  from  4.7  to  8.7%.  It  was  also  shown  that  a  oonnectioo  giving 
center  of  the  puU  on  the  center  of  gravity  of  the  section  gave  considerably  hi 
strengths  than  when  the  center  of  pull  was  in  line  with  the  gauge-line  d 
rivets.  In  computing  the  net  sectional  area  as  reduced  by  rivet  and 
holes  Table  XI  will  be  found  very  convenient. 

Eye-Bars  are  ujsed  for  the  main  tension-members  of  pin-Kx>nnected  tn 
They  are  rectangular  in  section  with  a  forged  head  upset  in  dies  and  of  the  1 
thickness  as  the  bar.  The  eye  is  accurately  drilled  in  position  in  the  axis  a 
bar,  true  to  diameter  and  exact  central  distance.  Because  of  its  advan 
for  forging,  soft  steel  is  used  in  making  eye-bars.  They  are  also  caref uU; 
nealed  before  drilling.  Table  VI  gives  the  dimensions  of  standard  eyx- 
manufactured  by  the  mills  of  the  American  Bridge  Company.  These 
are  of  practically  the  same  dimensions  as  the  standard  bars  of  other 
panies.  There  is  from  34  to  43%  excess  material  in  the  section  throu^  th 
to  insure  in  the  forged  part  the  development  of  the  full  strength  of  the  h^ 
the  bar.  Standard  bars  should  be  used  in  design  to  avoid  the  expense  of  m 
special  dies  in  which  to  form  the  heads.  Bars  of  less  than  the  given  mini 
thickness  are  liable  to  fail,  when  loaded,  by  buckling  in  the  head.  Thick 
increase  the  bending-stsesses  in  the  pins  and  thus,  indirectly,  the  neo 
sise  of  the  eye.  Except  for  very  large  structures  they  are  limited  to  1 
2  in. 

Tsttt  «f  Fidl-SIx*  Eye<-Bar«  are  generally  required  when  a  great  numl 
them  are  to  be  used  in  a  structure,  one  in  every  fifty  bars  being  usually  t 
The  specifications  for  carbon-steel  bars  require  that  an  (uuimate  te 
STRENGTH  of  56  ooo  lb  per  sq  in  shall  be  developed,  that  the  elokgatioh  : 
whole  length  shall  be  io%  and  that  fauluie  .^hall  occur  in  the  body  of  th 
Nickel  steel  has  been  used  for  tension-members  on  a  few  long-sptn  bridges. 
WORKING  STRESS  ou  the  eye-bars  was  increased  about  one-half  over  that  us 


Fig.  3.    Eye-bar  with  Screw-ends  for  Sleeve-nut  or  Tom-buckle 

carbon  steel,  and  the  requirements  of  the  test-bars  made  correqxmdingly  *. 
The  eye  is  made  M(o  in  greater  than  the  diameter  of  the  jAn.  Bars  pad 
the  same  pins  are  drilled  at  the  samfe  setting  so  as  to  be  of  exactly  thi 
length. .  Bars  must  be  true  to  length  within  %« in.  Small  eye-bara  are 
times  made  with  upset  screw-ends  and  sleeve-nuts  or  turnbucklss 
middle  for  adjustment,  as  shown  in  Fig.  3  and  TaMe  VI,  page  395. 


Loop^fiodt  (Fig.  4,  and  Table  VII)  of  round  or  square  section 
loop-ends  are  used  for  counterties  and  bracing.  Because  of  the  wd 
are  not  so  dependable  as  other  types  of  tension-members,  but,  because 
adjustment,  are  well  adapted  for  this  service  as  secondary  members. 


Teoaoa-Members 


887 


Fig.  6.    Forked  Loop 


fvfced-Loof  Hod,  Fig.  5,  may  be  used  for  due  of  two  tension-rods  so  as 
■id  ecooitridty  wbere  two  rods  balance  each  other  on  a  pin.  A  clevis 
idi  cod  of  one  of  the  rods 
KfBAta  the  same  object. 

nfctkiat  and  Sl««v«-Nats. 

famwnns  of  these  for  adjust- 
k  lengths  and  initial  stress  in 
IR  given  in  Tabk  VIII,  page 
The  open  tumbuckle  has  the 
Hige  of  being  eanly  inspected 
Metbt  the  thread  has  sufficient 
kg  nd  that  the  ends  of  the 
4o  not  butt  together. 

|Mt  Scrtw-Snda  are  threaded  enlargements  on  the  ends  of  rods  or  bolta 
ped  to  give  to  the  threaded  portions  a  strength  as  great  as  that  of  the  body 
thu.  Bec&use  of  effects  of  foigiog  it  is  necessary  to  make  the  area  of  the 
wctioa  of  the  upset  end  at  the  root  of  the  thread  a  little  larger  than  that 
tnd  itsdL  A  standard  upset  rod  will  fail  in  the  body  of  the  bar  with- 
the  threaded  portion  enough  to  prevent  the  turning  of  the  nuts* 
given  are  nearly  the  same  with  all  manufacturers.  If  upset 
CD  not  be  obtained  the  section-area  at  the  root  of  the  thread  must  be 
jnconpatiDg  the  safe  load. 

Mm.   Table  DC,  page  39S,  gives  the  dfanensions  and  other  details  for 

tsccording  to  the  latest  standards  of  the  American  Bridge  Company. 
!a  The  following  tables  win  be  found  useful  in  designing  tension* 
tk  or  for  drawing  tumbuckles,  sleeve-nuts,  devises,  etc  The  strength 
nidi  in  Table  11  is  based  on  the  area  at  the  root  of  the  thread.  For 
biad  weights  of  tie^rods  and  anchors  for  steel  beams,  see  Table  XIX» 
fciXV. 
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Tabto  n.    Safe  Loads  1a  Pooads  on  Romd  Rods 


Plain  rods 

Upset  rods 

Load  in  ponnds  based  on  area 

Load  in 

pounds  based  on  f 

Diamoter 

at  root  of  thread 

area  of  rod 

inches 

Stress  in  lb  per  sq  in 

Stress  in  lb  per  sq  in 

10  000 

X2  000 

x6ooo 

10  000 

12000 

x6 

% 

270 

324 

432 

49X 

590 

M« 

450 

540 

7flO 

7«7 

920 

% 

680 

816 

X068 

X  X04 

1320 

%• 

930 

1 116 

im 

IS03 

1800 

% 

I  a6o 

1513 

2016 

X963 

2360 

M« 

X620 

1944 

2  592 

248s 

2970 

% 

2090 

2424 

3232 

3068 

3680 

H 

3020 

3624 

4832 

4418 

S30O 

% 

420O 

5040 

6  720 

60x3 

7210 

I 

SSOO 

6600 

ftSoo 

7854 

9420 

XJ 

xH 

6940 

8328 

IX  104 

9940 

XI  930 

X2 

lU 

8930 

10  716 

X428S 

X2270 

14720 

XS 

1% 

10570 

12680 

X6910 

X4840 

178x0 

22 

iV4 

12950 

15  540 

20720 

17670 

2X  200 

2fl 

x% 

X5  ISO 

18180 

24240 

20730 

24880 

32 

lV4 

17440 

20930 

27900 

24  050 

26860 

3f 

1% 

20480 

24580 

32760 

27610 

33130 

41 

2 

23020 

27620 

36830 

31420 

37700 

9 

aH 

26340 

31  610 

42150 

35  4«0 

42550 

5" 

aV* 

30230 

36280 

48370 

39760 

47  710 

6J 

2% 

33000 

39600 

52800 

44300 

S3  160 

r 

aVa 

37150 

44630 

59440 

49080 

58900 

71 

2% 

46190 

55430 

73900 

59390 

71  270 

9! 

3 

54280 

65x40 

86850 

70680 

64820 

11. 

3% 

65  100 

78  120 

X04  x6o 

82950 

99540 

13 

3V^ 

75480 

90570 

120770 

96210 

XI5  4SO 

IS 

3% 

86410 

10369c 

138  250 

XIO450 

132540 

17 

4 

99930 

119  920 

X59»90 

X2s66o 

150790 

2C 

aV* 

X13290 

135900 

18x300 

X41  800 

170  160 

22 

4Vi 

127430 

X52900 

203900 

159000 

XOO  too 

as 

Ai 

X4220C 

X70600 

227500 

177200 

212640 

4 

5 

157630 

X89  100 

252200 

196300 

235560 

V 

5V4 

175720 

210800 

281  xoo 

216400 

259  6B0 

3* 

5% 

192  670 

231  200 

306300 

237500 

26s  000 

^ 

5% 

2x2620 

255X00 

340200 

259600 

3x1000 

A1 

6 

aoo9«o 

277  900 

369600 

2B2700 

339300 

« 
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Compated  ior  a  stRM  of  i6  ooo 


imWUA 
pouMk  per  tquare  inch 


kk- 


Width  ia  inch* 


ft. 
His 


Hm 


s 


IV4 


1000, 


3  000; 
3000, 
4000, 

r 
5000, 

6000 

7000 

9000, 

I 
9000,' 

10  000; 
IlOOOt 

uooo 


13000 
14000 
IS  000 

16000 

17000 

iSooo 

19000, 

aoooo 
nooo 

2|000 

3n  000 

23000 

JBOOO 
33  000 


12SO 
2S0O 

3  7SO 
5000 

6aSO 
7500 

«7SO 
10  ooo 

II2SO 
12500 
lilSO 
15000 

16  250 

17  500 

1S750 
aoooo 


i\k 


21  350 
22500 

mso 

25000 

27  500 

10  000 
3a5co 
35000 

17500 
40000 


s94 

I7S0 

3500 

5350 

7000 

3  750 

X0500 

12250 

14000 

I  500 
3000 

4500 

6000 

7500 

9000 
X0500 
laoGp 


13500  IS  750 

15000,  17500 

16  500|  19  250 

xSooo  2x000 


19500 

21  000 

22  500 
24000 

25  SCO 

27  000 

2S500 
30000 

33000 

36000 

39000 

42000 


45000 

4ft  000 


22  750 
24500 
262SO 
2S000 

29750 
3X500 
33250 
35  000 

3S500 
42000 
45  500 
49000 

S3  500 

56000 


2000 
4000 
6000 

aooo 

xoooo 
12000 
X4000 
x6ooo 

xSooo 
20000 

22  000 

24000 
26000 

28  000 
30000 

32000 

34000 

36000 

3S000 

40000 

44000 
48000 
52000 
56000 

60000 

64000 


2V4 

2Vi 

^i 

3 

2  250 

2500 

3750 

3000 

4500 

5000 

S500 

6000 

6750 

7500 

8250 

90QO 

9000 

xoooo 

XX  000 

xaooo 

XX  250 

X2  500 

13  750 

X5000 

X3  500 

XSOOO 

X6500 

x8ooo 

15750 

X7SOO 

X9250 

2x000 

xSooo 

20  000 

22  000 

24000 

20250 

22500 

24  750 

27  000 

22500 

25000 

27500 

30000 

24  750 

27500 

30250 

33000 

27  000 

30000 

33000 

36000 

29250 

32500 

35  750 

39  000 

31500 

35  000 

38500 

42000 

33  750 

37500 

4x250 

4S000 

36000 

40000 

44000 

48000 

38250 

42500 

46750 

5X000 

40500 

45  000 

49500 

54000 

42750 

47500 

52250 

57  000 

45000 

50000 

55000 

60000 

49500 

55  000 

60500 

66000 

54000 

60000 

66  000 

72000 

58500 

65000 

71  500 

78000 

63000 

70  000 

77000 

84000 

67  500 

75000 

83500 

9000c 

72000 

80000 

88000 

96  000 

3% 


3250 
6500 
9750 

XJOOO 

16250 
X9500 
22750 

26000 

29250 
32  5ooi 

36750 
39000 

42250 
45  500 
48750 
52000 

55  250 

6x750 
65000 

71500 
78  000 
84500 
9x000 

97  500 
X04000 
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Table  Bl  (Cbitfned).    Safe  I«ada  la  ^ondt  tot  Flat  RdlM  Ban 
Computed  for  a  stress  of  x6  eod  poonds  per  square  incb 


Thick- 

ntmm  Wt 

Width  in  inchM 

BOBS  nl 

ioohes 

3M 

3% 

4 

4% 

4M 

4% 

5 

5% 

6         a 

Hs 

3500 

3750 

4000 

4250 

4500 

4750 

5000 

5500 

6000 

6 

H 

7000 

7500 

8000 

8500 

9000 

9500 

xoooo 

XX  000 

X3  00O 

13 

Ms 

X0500 

XZ2S0 

13  000 

X3  750 

13  500 

14250 

15000 

16500 

X80QO 

3 

M 

X40CO 

15000 

X6OOO 

X7000 

X8000 

19  000 

30  000 

23  000 

34000 

Ms 

X7S« 

18  750 

90  OOO 

3x350 

33500 

23750 

35000 

27500 

3000O    32 

H 

3X000 

33500 

34000 

as  500 

37000 

28500 

30000 

33000 

36000 

38 

Ms 

MSoo 

36350 

33  000 

29750 

31500 

33250 

35000 

38500 

420QO 

45 

H 

aSooo 

30  000 

33  000 

34000 

36000 

38000 

40000 

44000 

48000 

sa 

Ms 

31S00 

33  7SO 

36000 

38250 

40500 

43750 

45000 

49  500 

54000 

51 

M 

35000 

37500 

40000 

42500 

45000 

47500 

50000 

55000 

60000 

tfa 

iMs 

3S500 

41350 

44000 

46750 

49500 

53350 

55000 

60500 

66  000 

71 

M 

43  000 

45  000 

48000 

5x000 

54000 

57000 

60  000 

66  000 

72000 

71 

His 

45500 

48750 

53000 

55250 

58  500 

6I7SO 

65000 

7X  500 

78000 

& 

■/i 

49000 

53500 

59  500 

63000 

66500 

70000 

77000 

84000 

9 

^Ms 

53  500 

56350 

63750 

67500 

71250 

75000 

82500 

90000 

9 

z 

56OCO 

60000 

64000 

68000 

73000 

76  000 

80000 

88000 

96000 

xo 

xMs 

50  500 

63750 

68000 

73350 

76500 

80750 

85000 

93500 

X02  000 

tl 

iH 

63000 

67500 

73000 

76500 

8x000 

85500 

90000 

99000 

X06  000 

u 

iMs 

66500 

7x350 

76000 

80750 

85500 

90250 

95000 

104  500 

1x4  ooolu 

lU 

70000 

75000 

80000 

85000 

90000 

95000 

100  000 

XIOOOO 

X30  00G 

►  1:: 

xM 

77aoo 

83500 

88000 

93500 

99000 

104500 

XIOOOO 

X2I000 

X32  00C 

>  u 

xVi 

84000 

90000 

96000 

103  000 

108000 

1x4000 

X20O00 

132000 

144000)1, 

X56  OOOiB 

iM 

9x000 

97500 

JO4OOO 

XXO5OO 

XX7000 

123  500 

X30  000 

143000 

xM 

98000 

xosooo 

1X3  000 

1X9000 

X36000 

133000 

X40000 

154000 

x68  cxaojft 

■ 

xM 

X05000 

XX3S00 

X30  000 

X37  50O 

135  000 

143500 

150000 

165000 

180000)1 

9 

XX3  000 

X3O00O 

138  000 

136000 

144000 

X53  000 

X60000 

X76000 

193  QO 

■»l' 
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IT.    8if<»  LMdt  iB  pMadt  ftr  Ftot  IMtod 
Computed  for  a  stica  of  zoooe'lb  per  squftfe  inch* 


Uck- 

Width  in  inches 

i 

z 

lU 

iH 

i^ 

2 

2U 

2H 

294 

3 

3% 

M« 

630 

780 

940 

X090 

Z2S0 

Z410 

1560 

X720 

x88o 

2030 

r     % 

Z2S0 

zsfio 

1880 

2  190 

2500 

28x0 

3130 

3440 

3750 

4060 

1     %» 

xSSo 

a340 

2  8X0 

3380 

3  750 

4a» 

4690 

5x60 

5630 

6ogo 

>      K 

S50O 

3130 

3750 

4380 

5000 

5630 

6250 

6880 

7S00 

8130 

%• 

3130 

39x0 

4690 

5  470 

6250 

7030 

78x0 

6590 

9380 

10  200 

1     % 

3  7SO 

4^ 

5630 

6560 

7500 

8440 

9380 

10  300 

XX  300 

12  200 

\     M» 

4380 

5470 

6560 

7660 

8750 

9840 

XO9OO 

12  000 

13x00 

14200 

1 

5000 

6350 

7SOO 

8750 

xoooo 

11300 

12500 

X380O 

X5000 

X630O 

^ 

5630 
6^50 

7030 

8440 

9840 

XI 300 

12700 

X4  100 

15  500 

16900 

X83OO 

% 

7810 

93B0 

10900 

13  500 

14100 

X5600 

17  200 

x8  8oo 

20300 

iH. 

«8So 

S590 

X0300 

12  000 

13800 

X5  500 

X7200 

X8900 

20600 

22300 

H 

7SOO 

9380 

1x300 

X3IOO 

X5000 

16900 

x8  8oo 

20  600 

22500 

24400 

^ 

Sijo 

xoaoo 

laaoo 

14  200 

X6300 

18300 

20300 

22300 

24400 

26400 

.     H 

«7SO 

10900 

X3  zoo 

15300 

17500 

X9  7«> 

2x900 

24100 

26300 

28400 

1     »%« 

9380 

II  700 

X4  100 

X6400 

X8800 

2X  100 

23400 

25800 

28x00 

30500 

1    I 
1 

loooo 

zasoo 

Z5000 

17500 

20  000 

22500 

25000 

27500 

30000 

32500 

i^ 

10  600 

13300 

15  900 

X8600 

21300 

23900 

26600 

29200 

31900 

34  500 

i^ 

1x300 

14  100- 

16  goo 

19  700 

22500 

25300 

28  100 

30900 

33800 

36600 

Am 

1x900 

Z4800 

17800 

20800 

23800 

26700 

29700 

32700 

35600 

38600 

H4 

xasoo 

15600 

18800 

2x900 

25000 

28100 

31300 

34400 

37500 

40600 

iH 

X3800 

17  300 

20  600 

24100 

27500 

30900 

34400 

37800 

41300 

44700 

1% 

I5cxx> 

X8800 

22500 

26300 

30000 

31800 

37  500 

41300 

45  000 

48800 

iH 

16300 

aojoo 

24400 

28400 

32  500 

36600 

40600 

44700 

48800 

52800 

1% 

I7S0O 

ai9oo 

26300 

30600 

35000 

39  400 

43800 

48100 

52500 

56900 

1% 

18800 

23400 

28100 

32800 

37500 

42200 

46900 

5x600 

56300 

60900 

2 

aoooo 

as  000 

30000 

35  000 

40000 

4SO0O 

50000 

55000 

60  000 

65000 

*  For  unit  stresses  of  12  000,  12  500,  and  15  000  lb  increase  by  %,  V^,  and  '/^  respeo- 
fovoimf  Strength  of  wzooght  iron  and  steel,  see  pages  376  and  38s. 
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Table  XV  <Coiitintad).    Saf*  Loads  in  Pwadt  far  Plat  l«|l»d  Bart 
Computod  for  a  atcos  o£  xoooo  lb  par  tqiMve  iach 


1 

Thick, 
nessin 

Width  In  inches 

1 

inches 

3V4 

3% 

4 

4V4 

4% 

4% 

5 

sH 

6 

6^ 

M« 

2x90 

3340 

3500 

3660 

28x0 

3970 

3x30 

3440 

3  750 

Adi 

H 

4380 

4690 

5000 

5310 

5630 

5940 

6350 

6880 

7500 

8x: 

%« 

6560 

703P 

7500 

7970 

8440 

89x0 

9380 

X0300 

1x300 

13  2C 

V* 

8750 

9380 

xoooo 

10600 

XX  300 

1x900 

13500 

X3800 

15000 

1631 

^« 

X0900 

XX  700 

X3  500 

X3  30O 

14  xoo 

14  800 

15600 

X7200 

18800 

90  3( 

H 

X3  100 

X4  xoo 

X5O0O 

15  900 

16900 

X7800 

X8800 

20  600 

23500 

24  41 

%« 

IS  300 

16400 

17500 

18600 

19700 

20800 

31  900 

24  XOO 

36300 

384 

% 

17  500 

18800 

30  OUU 

3x300 

33500 

33800 

35000 

37500 

30  000 

329 

M« 

19  700 

3X  100 

23  500 

33900 

35300 

36700 

28100 

30900 

33800 

366 

% 

3x900 

33400 

25000 

36  600 

38X00 

39700 

31300 

34400 

37SOO 

406 

»Vio 

34  100 

25800 

37500 

39300 

30900 

33700 

34400 

37800 

4x300 

44? 

y* 

36300 

38100 

30000 

31900 

33800 

35600 

37500 

41300 

45000 

4ftft 

»%e 

38400 

30  500 

33500 

34500 

36600 

38600 

40600 

44700 

48800 

53a 

% 

30600 

33800 

35000 

37  300 

39400 

4x600 

43800 

48  100 

53500 

569 

iHa 

32800 

35  300 

37500 

39800 

42  300 

44500 

46900 

5x600 

S630D 

609 

I 

35  000 

37500 

40000 

43500 

45  000 

47500 

50  COO 

55  000 

60  000 

^0 

iVit 

37  300 

39800 

43  500 

45  300 

47800 

SO  500 

53100 

58400 

63800 

•91 

i^^ 

39  400 

42  300 

45  000 

47800 

50600 

53  400 

S6300 

6x900 

67  Soo 

731 

1^9 

41  600 

44  500 

47500 

50500 

53400 

S6400 

59400 

65300 

7X  30O 

773 

lV4 

43800 

46900 

50000 

53100 

56300 

59400 

62500 

68800 

7SOOO 

«13 

1% 

48  100 

5X  600 

55  000 

58400 

61900 

65300 

68800 

75600 

83500 

894 

xH 

S3S00 

56300 

60  000 

63800 

67500 

7X300 

75000 

83500 

90  000 

975 

x% 

56900 

60900 

65000 

69100 

73100 

77  wo 

8x300 

89400 

97  soo 

lOSi 

iV* 

61  300 

65600 

70  uuo 

74400 

78800 

83  100 

87500 

96300 

105000 

«3« 

1% 

65600 

70300 

75000 

79700 

84400 

89  TOO 

93800 

103  100 

iiasoo 

121  < 

2 

70000 

75000 

80000 

85000 

90000 

95  000 

lOOOOOjIIOOOO 

ISO  000  130  < 

*  See  foot-Dote,  preceding  table. 
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Iftoportkw  ol  Up80t 
Square  Bert 


8cr«w-Ba4s  for  BoaiiA  and 


! 

Round  bars 

Square  bars 

k3.  of 

BBdor 

Excess 

Excess 

*of 

Diana. 

Diain.of 

flamber 

of  effec- 

Diam. 

Diam.  of 

Number 

of  effec- 

of Qpaet 

screw  at 

of 

tive  area 

of  upset 

screw  at 

of 

tive  area 

te 

screir- 

TooioC 

threads 

of  screw- 

screw- 

root  of 

threads 

of  screw- 

a 

ead 

thread 

per 

end  over 

end 

thread 

per 

end  over 

in 

in 

inch 

bar 

% 

in 

in 

inch 

bar 

% 

^ 

%, 

o.6ao 

10 

54 

% 

0.620 

zo 

ax 

9W 

^ 

0.630 

zo 

at 

% 

0.731 

9 

33 

% 

% 

0.73I 

9 

37 

I 

0.837 

8 

4X 

Hi* 

I 

o.«37 

8 

48 

I 

0.837 

8 

17 

H 

I 

0.837 

a5 

xV6 

0.940 

7 

23 

>^ 

iH 

0.940 

34 

iV4 

1.065 

7 

35 

'^ 

iV4 

1.065 

48 

1% 

x.160 

6 

38 

>%• 

1)4 

1.06s 

99 

1% 

x.]6o 

6 

20 

I 

1% 

X.160 

35 

1% 

X.384 

6 

29 

iHi 

.    1% 

X.160 

19 

1% 

1.389 

5% 

34 

lii 

1% 

i.aS4 

30 

t% 

1.389 

SV4 

20 

^ 

i)^ 

X.2&1 

17 

1% 

X.490 

5 

24 

i<4 

1% 

Z.389 

5\^ 

23 

1% 

x.6x5 

5 

31 

i9i« 

1% 

1.490 

39 

1% 

1. 615 

5 

19 

1% 

1% 

1.490 

18 

a 

X.712 

4^ 

22 

1'^ 

1% 

1. 615 

a6 

a% 

X.837 

4H 

28 

i^ 

a 

1.7M 

4% 

30 

fAk 

X.837 

4% 

18 

i%« 

2 

x.7ia 

4% 

ao 

aVi 

X.963 

4% 

24 

1% 

M 

1.S37 

4V^ 

a8 

2% 

2.087 

4V^ 

30 

i'^ 

2H 

1.837 

4% 

18 

a% 

2.087 

4\^ 

20 

t^4 

2U 

1.962 

4% 

26 

2^ 

2.175 

4 

21 

I»i€ 

2^4 

X.962 

4% 

17 

2% 

2.300 

4 

26 

1% 

2% 

2.087 

4^ 

24 

2% 

2.300 

4 

x8 

i»i« 

2^ 

a.  175 

96 

2^4 

2.42s 

4 

23 

3 

2H 

2-175 

18 

2% 

2.550 

4 

28 

jH« 

2% 

3.300 

94 

3% 

2.SS0 

4 

20 

iH 

9% 

2.300 

17 

3 

2.629 

3Vi 

20 

3«k 

2% 

2.49 

23 

3% 

2. 754 

3% 

24 
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Tnn  T  \G6iitiitiMd/.    StsBSftrd  PkupofCIoiu  of  upMt  8crow*>Bttd8  fef 

Round  and  Square  Ban 


Round  baiB 

Square  bars 

Diam.  of 
roandor 

Excess 

Rxcr 

side  of 

Diam. 

Diam.  of 

Number 

of  effec- 

Diam. 

Diaxn.  of 

Number 

of  en 

square 

of  upset 

of 

tive  area 

of  upset 

screw  at 

of 

tives 

bar 

root  of 

threads 

of  screw- 

screw- 

root  of 

threads 

of  sec 

in 

end 

thread 

per 

end  over 

end 

thread 

per 

end  0 

• 

in 

in 

inch 

bar 
% 

in 

in 

inch 

bai 

% 

9^ 

a% 

2.5SO 

4 

96 

3% 

2.7S4 

3% 

li 

i^« 

2^k 

2.5SO 

4 

22 

3% 

2.879 

3% 

2: 

a% 

3 

3.629 

3^4 

23 

3% 

3.004 

sV^ 

9l 

i%6 

3% 

2.754 

3% 

28 

3% 

3.004 

3% 

I! 

2^ 

3Vi 

2.754 

3H 

21 

3% 

3.100 

3!4 

2: 

i%e 

3% 

2.879 

3% 

96 

3H 

3.22s 

3H 

2 

i% 

3% 

2.879 

3% 

90 

3H 

3.22s 

3% 

II 

a»Vi« 

3% 

3.004 

3H 

as 

3% 

3.317 

3 

91 

^ 

3% 

3.004 

3^^ 

19 

3% 

3.442 

3 

a 

«i%e 

3% 

3.XOO 

3% 

22 

3% 

3.442 

3 

ii 

3% 

3% 

3.22s 

3% 

96 

4 

3.567 

3 

3 

»1%6 

3% 

3.22s 

3U 

21 

4% 

3.692 

3 

a 

3 

3% 

3.317 

3 

22 

4% 

3.«9a 

3 

I 

3^6 

3% 

3.442 

3 

21 

4% 

3.923 

iPk 

a 

3^i 

4 

3.567 

3 

90 

4% 

4.028 

9% 

a 

39fe 

4% 

3.69a 

3 

90 

4% 

4.IS3 

3% 

1 

3% 

4% 

3.798 

2% 

18 

• . . 

•  •  • 

« 

3% 

4% 

4.028 

2% 

23 

• . . 

•    •   « 

• 

3% 

4% 

4.1^3 

2% 

23 

... 

•   •   • 

* 

3% 

4«»4 

4.2SS 

2% 

21 

• « . 

«  «   • 

• 

RxMARXs.    As  upsetting  reduces  the  strength  of  inm,  bars  having  the  same  diai 
at  the  root  of  the  thread  as  that  of  the  bar  invariably  break,  in  the  screw-end 
tested  to  destruction,  without  developing  the  fuU  strength  o£  the  bar.    It  is  tha 
necessary  to  make  up  for  thb  loss  in  strength  by  an  excess  of  metal  in  the  upset  a 
ends  over  that  in  the  bar. 

Table  V  is  tlie  result  of  numerous  tests  on  finished  bars  made  at  the  Keystone  B 
Company's  Works  in  Pittsbuigh,  Pa.,  and  -gives  proportions  that  viriU  cause  the  li 
break  in  the  body  rather  than  in  the  upset  end. 

The  screw-threads  in  the  above  table  are  the  Franklin  Institute  standards. 

To  make  one  upset  end  for  a  s-in  length  of  thread,  allow  6  in  in  length  of  rod, 
tionaL 


TemioB-Membera 
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Table  VH.*    Loop-Rods 

AXERICAM   BUDGE   COICPANY  STAMDAKD 


Pitch  and  shape  of  thread  A.  B.  Co  standard 
Additional  length  A,  in  feet  and  inches,  for  one  loop.    A -4'i7iH-5«^ 


Diam. 
of  pin. 

Diameter  or  sid«  r  of  ipd  in  inches 

P. 
in 

H 

lA 

I 

iV* 

x>i 

iH 

iW 

iH 

iH 

iH 

iM 

o-  9H 

o-io 

O-II 

O-XI^i 

•    •mm 

a    a    a    a 

a   •  •   ■ 

•  •  •   a 

•  •  •  « 

■  •  «  • 

1% 

O-IO 
O-II 
1-  0 

o-ioW 
i-oVi 

o-iiH 

I-  IH 

I-  0 

I-  I 

I-  2 

I-  I 

I-  a 
I-  3 

a    a    •    • 

X-2^4 

1-3H 

a    a   a    a 
a    >    a    • 

x-4Vi 

•   •mm 

a    •    ■    • 

X-  5 

a   a   •   a 

a    ■    *    ■ 

1-6 

•    a    •    • 
«    a    •    • 
a   •    •    • 

2 

1-  I 

I-  IH 

I-  3H 

I-  3 

I-  4 

I-4H 

I'SH 

X-6 

X-  7 

I-  7^1 

2}i 

I-  2 

I-  3 
I-  4 

1-3 
I-  4 
I-  S 

I-  3V'i 
1-4^ 

I-  sVi 

X-4W 
I-6V4 

I- 5 
1-6 

X-  7 

x-SH 
I-  7 
x-8 

X-6W 
I-  7H 
I-8H 

1-7 
x-9 
X-9V4 

x-8 
1-9 

X-IO 

I-  «H  1 
X-  9Wi 
i-ii      1 

3 

I-  S 

1-6 

I-6H 

I-7H 

1-8 

1-9 

I-9H 

i-ioW 

I-lI 

2-  o      a 

3^4 
t3W 

1-6 

I-7W 

I-8H 

1-7 
1-8 

1-9 

I-  7^^J 
I-8H 

l-IO 

I-8H 
i-io>4 

1-9 
r-io 

I-XX 

I-XO 

I-II 

2-  0 

i-xoH 
x-ixW 

»-oH 

i-iiH 

2-OH 

2-  xH 

2-  O 
2-  X 

2r-  3 

2-  I      i 
2-  3      : 

4 

i-9^i 

I-IO 

i-ii 

i-iiW 

2-  oH 

a-  I  . 

2-  2 

*-2^i 

2-3 

2-  4 

t4M 

4W 

t4H 

■  •  •  • 

■  •  •  • 

i-ii 

2-  0 
2-  I 

2-  0 
2-  X 
2-  2 

2-  OW 
2-  iH 
2-9^/1 

2-  m 

2-2^2 

2-  3H 

2-  2 

2-3 

2-  4 

a-3 

2-  4 
2-  S 

2-3^^ 
a-4^i 
2-5^ 

2-4H 
2-5J'i 
2-6W 

2-  5 

2-6 

2-  7 

5 

■  •  •  • 

a-  2M 

2-3 

>-3W 

a-4>6 

*-  S 

2-6 

2-  6>4  2-  7W 

2-  8 

•  a  ■  • 

•  •  •  • 

•  •  •  • 

•  •  •  • 
■  «  •  • 

•  •  •  ■ 

2-4 
a-S 

2-6 

2-5 

2-6 
2-7 

2-sH 

2-6^ 

2-7^^ 

2-6 

2-7W 
2-8H 

2-  7 

2-8 
2-9 

2-7H 

2-9 

2-EO 

2-8H 

a-  95^^ 
a-xo)^ 

a-  9 
a-io 
2-iiH 

6 

•  •  ■   • 

•  ■  •  • 

a-7 

2-8 

*-8H 

2-9H 

2-XO 

2-II 

2-xiH 

3-  oW 

t6W 

m 

1«H 

•  •  •   ■ 

•  ■  •  • 

•  •  «  • 

•  •  •  • 

•  «  •  • 

•  •    a    ■ 

a    •    a   a 

•  •   m   9 

•  a    •   a 

2-9 
2-10 

2-II 

2-9V4 

2-I0>i 

3-  0 

2  loH 

2-IXj^i 

3-0^ 

a-ii 
3-  0 
J-  I 

3-0 
3-  1 
3-2 

3-oW 

3-  iVi 
3-2Vi 

3-3W 

7 

•  •  •  ■ 

a    a    •   « 

•    •    a    a 

3-0 

3-  X 

3-lW 

3-2H 

3-3 

3-3H 

3-  4^4 

Pms  marked  t  are  special.    Maximum  shipping  length  of  {«  55  ft. 
*  From  Pocket  Companion,  Carnegie  Steel  Company,  Pittsbursh,  Pia. 
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'fioa  Pocket  Compuiloa,  bncck  SUcI  Caopui]',  TOtiblnA.  PlL~ 


Tenakm-McmbefB  399 

UltZ.    8iif6  loftds  fa  Taotioa  for  CoQUBOQ  9iiM  «f  AailM  frilli  Qm 

%-Iach  Ri?«»-a5bl*  tar  &  %4nch  Rhet 

Load  in  poondt  for  a  ttteai  of  x6  ooo  lb  per  sq  b 


t — 

. 

Sixeof  aagle 

Load 

8iae  of  aagle 

Load 

6X4X% 

X00500 

sMtXsHX'^ft 

4SO0O 

% 

Ssooo 

%a 

41  xoo 

^^ 

68900 

V2 

37000 

% 

aSsoo 

$X3%XH 

83500 

V« 

19500 

% 

69900 

% 

57  000 

3X3X% 

4S00O 

H 

37000 

$X3X% 

76500 

% 

aS5oo 

% 

64900 

y« 

X9S0O 

hk 

53000 

% 

40500 

3X3%X% 

33000 

% 

25400 

4X4X% 

76500 

^« 

ar6oo 

% 

40500 

% 

X7  40O 

4X3HXH 

60  000 

% 

37600 

3XaXTi6*- 

25900 

%• 

95600 

4X3X% 

S5  00O 

%•• 

91  800 

H 

45  000 

%• 

X7600 

% 

M40O 

2%Xa%XTie 

25900 

3HX3%Xy* 

64  500 

% 

22  400 

% 

54900 

%• 

19  200 

% 

45  000 

H 

IS  500 

% 

54400 

a*4XaX%a 

32400 

3V^X3X% 

50x00 

% 

19500 

% 

41  000 

%6 

x6  6oo 

% 

31500 

U 

13400 

Irf 


It  ia  battar  not  to  uae  them  in  ordiaaiy  work  beeaiae  of 


the  Bnd-CoiiaectioiKi  often  detenmne  the  strength  of  angu  teHskm^- 
mess.  Some  ^KdficatioDS  for  struauml  work  reqiiire  angiea  mbject  to 
■a  toBskm  to  be  connected  by  both  leg*  if  the  section  of  both  legs  ia  con- 

and  if  connected  by  one  1^,  the  flection  of  one  kg  only  is  considered 
Reliable  tests  (page  385)  show  this  requiiement  to  be  needlessly 

For  fliiisle  anises  connected  by  one  leg,  the  Specifications  for  t)K 
attaal  Siedwork  of  Buildings,  Chapter  XXX,  allow  the  net  area  of  the 
taectsd  kg  and  one-half  that  of  the  outstanding  kg  to  be  considered  effective. 
^  Waterimiy,  Stresses  in  Structural  Steel  Ax^ks,  John  Wiky  k  Sons,  lac^ 
•  Yflri:,  19x7.) 


K)       Resistance  to  Tenaioo.    Properties  of  Icon  and  Steel     Cbap. 

Tmbli  C    SacdoMi  Aim  to  b«  Oeduetod  fnim  PUt«  ud  AnctM  tor 

ttan.    Bolt -bote*  should  be  Ho  in  lum  tban  ihe  diunetei  of  Um  bolt;   liwt-b 
!  uiuiUy  Vi  in  larget  than  the  diunetci  ol  the  liveL* 


It 

w. 
w 

M. 

W 

lie 
■ft 

V. 

Diuneter  ot  hole  b  tiHctiont  of 

uiw 

h»«dlncha 

•A 

He 

H 

Tie|>^ 

•A*            U 

O.JI                »& 

0,33                  » 

0.3)               17 
o.«             Sa 

....       « 

0.49                So 

o.SJ            s, 

O.S«               69 

1 

•' 

ht 

. 

me 

«. 

iH» 

0.C6 

O.QI 
0,0 

o:I; 

=-3. 

D.OJ 

0.13 
a. 16 

e.33 

O.l'i 

o.sK 

).         19 
0.         jS 

0.41 
o,*6 
o!s6 

O.fil 

0.(9 

0.60 

j 

0.19 

O.JS 

O.JI 

0.38 

o.so 

It 

o.«9 
0.9. 

1.66 
o'.ao 
0.B6 

0.4i 
0S» 

:: 

0-97 

0.4s 
0.54 

0.63 

0.81 
0  90 

IS 

o!tI 

s 

'" 

rs  about  4  ia  aqui 


*  See  >]ta  TiUe  I,  ClwplM  XX  and  piin«Tipta,  PuncUnf  Rivet-Hola,  pace  414. 

7.  TOte 
HanufactiUB.  Iron  and  steel  wires  are  made  from  Bi 
rtiese  are  rofled  into  long  rods  which  ate  dipped  in  a 
and  (umiah  lubrication  for  the  drawing  process.  Ttiis  consists  in  pulling 
rod^  while  cold  through  steel  dies  having  a  series  of  lioles  of  gradually  decreaj 
diameters.  The  cold  working  of  the  metal  hardims  it  and  makes  it  brittle 
thu  it  b  necesaary  to  anneal  it  at  intervals  during  Ilie  process.  The  draw 
Increases  the  strength  of  Ihe  material,  so  that  wires  ot  different  aies,  sltho 
made  of  the  same  material,  differ  greatly  in  ultimate  stbength. 
'  nailh.  Tbe  oommon  grades  of  iron  and  stee!  wire  are  f ombhetl  in  scvn 
diffeieni  finishes;  plain  black,  bright  tinned,  copper-coated,  japanned  and  1 
single  and  double  coals  of  one  galvanizing.  The  last  is  amilied  by  p&ssins 
wire  through  the  nteited  ztac  which  is  depodted  as  a  coating  and  forma  ooi 
the  beat-known  protections  against  corrosion. 

Wfa4-G*ngM.  TableXItlgivea.accordiog  to  several  CADGES,  thedume 
of  tbe  different  numbers  of  wire  that  have  come  into  u^  for  different  purpi 
and  have  been  brought  out  by  different  manufacturers.  In  ordering  wice 
number  It  is  best  to  specify  whidi  cadge  is  meant. 

Strength.  Table  XIV  gives  the  siies  according  to  the  J.  A.  Koeblins'i  S 
Company  gauge,  with  the  weight  and  length  and  the  strength  on  an  assui 
basis  of  looooolbpersq  m.  The  different  kinds  of  wire  vary  so  widely  in  V, 
(<*ixsi«SNOiB.  on  account  of  both  the  difference  in  quality  of  the  n 
the  effect  of  tile  drawing,  that  in  order  to  obtain  the  appcoiim&te  ■! 
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CRfenooe  mint  be  mode  to  Table  XII  in  oonnecUon  with  tbe  ioot-note  to 
UeXIV.  TIk  following  table  is  arranged  from  values  which  were  published 
the  Catalogue  of  tbe  J.  A.  Roebling's  Sons  Company: 


hlb  Zn.    AfprasiiBate  Ultimate  Strength  of  Different  Sizes  of  Iron 

and  Steel  Wire 


Kind  of  wire 

f 

tina 

I  aid  tdephone  (steel) 

1  aviator 

Hire 

iitoel  wire 

MdawB  copper  trolley  wire 

pMavB  tel^paph  and  telephone  copper 

i 


Ultimate  strength 


Large  size 
lb  per  sq  in 


45  000 

60000 

247  000 

307000 

700  coo 
50000 
56000 


Small  size 
lb  per  sq  in 


60000 

80000 

385000 

340000 

345  000 

not  used 

66  000 


At  Ums  of  Wire  are  so  many  and  varied  that  a  bulky  treatise  would 
wqiind  to  adeqiuately  cover  the  subject.  The  catalogues  of  the  American 
m  ad  Wbc  Cooipiuiy  mention  electikal  wires  and  cables  of  many  kinds, 
Ifkne  and  telegraph  wires,  ignition-wires  and  cables  for  automobiles,  motor- 
lb  and  aeroplanes,  wire  rope,  wire  tacks,  wire  fences,  piano-wire,  barbed 
R;6at  wire  and  so  on,  tlurough  a  long  list.  The  magnitude  of  the  wire-output 
fte  CUted  States  is  seen  from  the  fact  that  of  the  total  production  of  32  000  000 
Kef  an  kinds  of  6niahed  rolled  iron  and  steel  for  the  year  1916, 3  500  000  tons 
ft  lire  pods.  For  electrical  purposes  copper  wire  is  mostly  used.  See 
Mnc  Woik  for  Buildings,  Part  III,  for  information  regarding  wires  and  wire- 

pBOQOS* 

Ihi  Bmm  A  Sharpe  Gang*  h  foUowed  in  the  United  States  as  the 
Nhd  for  GO|iper  wire,  though  there  is  a  growing  tendency  to  distinguish 
fuA  dectrical  wires  by  their  diameters,  expressed  in  mils.  (One  mil  >■ 
kit.  A  circular  mfl  is  the  area  of  a  drde  0.001  in  in  diameter.) 

wAntriaui  Steel  and  Wire  Compeny't  Geoge  is  almost  universally 
biGd  Unmghout  the  United  States  for  steel  wire.  The  Birmingham  gauge, 
|ftlB&h  gauge,  is  the  only  wire-gauge  recognised  in  successive  Acts  of 
■BB  establishing  tariffs,  and  ior  many  years  has  been  used  as  the  basis 
Ma  asKssed  on  imported  whre.  Aside  from  these  purposes  its  use  is  not 
wave.  The  American  Sted  and  Wire  Company's  Music-Wure-Gauge, 
Ir  kaovn  as  the  Music- Wire-Gauge,  upon  recommendation  of  the  United 
feiBamu  of  Standards,  has  been  adopted  as  the  standard  for  piano-wire. 

I        *%et,  aha,  pages  402,  403»  1469,  »473. 1S09. 15x0, 1512,  and  t6oo. 
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Tftble  Zm.    ComvariMm  of  Standard  Oattges  for  Wire  aad  flliaet  Malil 


Diameter  or  thicki 

leas  in  decimals  of  an  inch 

Washburn 

Birm- 

ingfaare 

or  Stubs 

iron- 

• 

United 

&  Moen, 

.Aw^^ft^ 

Brit 

Number 

of 
gauge 

AmericKa 

or  Brown 

&Sharpe 

wire- 

SUtw 
standard 
gauge  for 
abeetand 

RoebUee. 

American 

Steel  & 

Wire  Co., 

Stafaa 

steel- 
wire- 

*  MSi»*»a  a 

can 

Screw 
Co. 

Ijum 

otTS 

leg 
stao( 

wire- 
gauge 

gauge 

pbte  iron 
and  steel 

steel- 
wiie-gauge 

gKOge 

gauge 

wir 
gav 

o.S 

0.4900 

DOOOOOO 

o.S 

oooooo 

0.580000 

0.4687$ 

0.46x5 

0.4 

ooooo 

0.500 

0.516500 

0.437S 

0.430s 

0.4 

oooo 

0.454 

0.460000 

0.40635 

0.3938 

0.4 

ooo 

0.425 

0.409642 

0.37S 

0.3625 

0.03x5 

0.^ 

CO 

0.380 

0.364796 

0.3437S 

0.33x0 

0.0447 

o.« 

o 

0.340 

0.334861 

0.3*25 

0.3065 

0.0578 

o-i 

X 

0.300 

0.289297 

0.28x25 

0.2830 

0.337 

0.0710 

oi 

2 

0.284 

0.257627 

0.265625 

0.2625 

0.2x9 

0.0843 

O.J 

3 

0.2S9 

0.239423 

0.25 

0.2437 

0.2x2 

0.0973 

O.J 

4 

0.238 

0.204307 

0.23437s 

0.2253 

0.207 

o.xxos 

O.J 

s 

0.220 

0. 1 81940 

0.2x875 

o.ao70 

0.204 

o.xa56 

0.1 

6 

0.303 

0.162023 

0.203x25 

0.X920 

0.20X 

0.X368 

0.] 

7 

0.180 

0.144385 

0.187s 

0.X770 

0.199  , 

0.X500 

0.] 

8 

0.165 

0.128490 

0.17x875 

0.1630 

0.197  ^ 

o.t^t 

0.1 

9 

0.148 

0.1x4423 

0.15625 

0.1843 

O.t04 

0.  X763 

0.1 

to 

0.134 

0. X01897 

0.940625 

Q,X3S0 

O.l^I 

D  1894 

0.; 

II 

o.iao 

0.090742 

O.X25 

0.  I305 

0.188 

0.2026 

0.! 

12 

0.109 

0.080808 

O.X0937S 

o.xoss 

0.18s 

0.2x58 

0.: 

13 

0.09s 

0.071962 

0.09375 

0.0915 

0.182 

0.3289 

O.t 

14 

0.083 

0.0640S4 

0.078x25 

0.0800 

o.t8o  ■ 

0.2421 

O.t 

IS 

0.07a 

0.057068 

0.0703x25 

0.0720 

0.178 

«  25S« 

0.4 

I6 

0.06s 

0.050621 

0.0625 

0.062s 

o.irs 

o.ii6e4 

0.1 

17 

0.058 

0.045257 

0.05625 

0.0i4O: 

0x72 

o.a8a6 

0.1 

x8 

0.049 

0.040303 

0.0s 

0.047s 

0.X68 

0.2947 

o.< 

19 

0.042 

0.035890 

0.0437s 

0.0410 

0.164 

0.3079 

OJ 

20 

0.03S 

0.031961 

0.0375 

0.0348 

o.x6i 

0.32x0 

0.1 

31 

0.033 

0.028462 

0.03437$ 

0.0317 

0.  xsr 

«.334« 

0.* 

22 

0.028 

0.025346 

0.03x25 

o.o»86 

0.155 

0.3474 

o.t 

»3 

0.02s 

0.02257a 

o.o28xas 

o.essS 

O.XSS 

0.360s 

Ov 

24 

0.02a 

0. 02010k 

0.02s 

0.0230 

0.X5X 

0.3737 

0.' 

2S 

o.oao 

0.017900 , 

Q. 021875 

0.0204 

.0.148 

0.3868 

o.< 

26 

0.018 

0.0x5941 

0.0187s 

o.otSx 

0.14^ 

0.400O' 

0.' 

«7 

0.016 

0.0x4195 

0.0X7x875 

0.0x73 

0x43 

0.4x3a 

O.i 

aS 

0.014 

0.0x2641 

0.0X5635 

0.0x62 

O.X39 

0.4*63 

OJ 

29 

0.0x3 

0.01x257 

0.0X40625 

o.oiso 

o.XM 

0.439$ 

0.* 

30 

0.0x2 

0.0x0035 

o.oxas 

O.OK40 

0.127 

o.45«6 

o.i 

3» 

o.ozo 

0.008928 

0,0X09375 
0.01015035 

0.0132 

0.120 

0.4658 

o.< 

32 

0.009 

0.007950 

0.0128 

o.xxs 

0  4790 

0.* 

33 

0.008 

0.007080 

0.00937s 

0.0TX8 

O.XX2 

0.492X 

0. 

34 

0.007 

0.006305 

0.0085937$ 

0.0t04 

o.rio 

0.5053 

o.< 

35 

0.005 

0.0056x5 

0.0978x35 

0.0095 

0.X08 

0.5x84 

o.< 

36 

0.004 

6.005000 

0.00703x35 

0.0090 

0.X06 

0.5316 

0.' 

37 

0.004453 

0.006640625 

0.0085 

0.X03 

0.5448 

o.* 

38 

0.003965 

0.00625 

0.0080 

o.xox 

0.5S79 

0.( 

39 

0.003531 

0.007s  . 
0.0070 

O.OQQ 

ft     CTWT 

A    1 

40 

0.003x44 

0.097     1    0.5842     1 

0. 

The  United  States  Standard  Gauge  was  legalized  by  Act  of  Congress,  March  j, 
s  a  standard  gauge  for  sheet  and  plate  iron  and  steel,  and  is  used  by  the  Costom  . 
)e];>artment  and  by  sheet-plate  and  tin-plate  maaufacturers. 

•  See  also,  pages  40X,  403, 1469,  1473. 1509,  xsxo,  15x1,  and  x6oo. 
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Tabic  nv.    Weisht,  I^racU  mm^  $lr«xigth  of  Steel  Wire  * 
Gauge  oC  J.  A.  Roebling's  Sons  Company  \ 


"^feakiag- 

Iksber 

of 

Diameter 

• 

Area 

loadia 
pounds  at 

Weight  in  pounds 

Nnmbcr 
of  feet  in 

as 

sq  in 

rate  of 
100  000  lb 

Per  1000 

ft 

Perxialle 

aooopooods 

persq  m 

0.460 

0.166191 

166x9 

558.4 

3948 

3582 

0.430 

O.X4533I 

X4  5» 

487.9 

3576 

4099 

OODC 

0.394 

0.121304 

12  130 

407.6 

3  153 

4907 

ODD 

0.362 

0.102922 

X0292 

345.8 

I8a6 

5783 

00 

0.33X 

0.086049 

8605 

289.x 

1537 

6917 

0 

0.307 

0.074003 

74D8 

348.7 

1313 

804X 

0.2B3 

0.062902 

6290 

2U.4 

x  1x6 

9463 

o.a63 

O.Q543aS 

5433 

X82.5 

964 

10  957 

0.244 

0.046760 

4676 

IS7.I 

«30 

12730 

0.29S 

0.039761 

3976 

133.6 

705 

14  970 

0.207 

O.Q336S4 

336s 

ZI3.X 

S97 

17687 

0.19a 

0.028953 

2895 

97.3 

514 

30  559 

o.fTT 

0.024606 

2461 

82.7 

437 

34191 

o.x6a 

o.oao6xa 

2061 

69.3 

366 

28878 

0.Z48 

0.0x7203 

X720 

57.8 

30s 

34600 

ID 

0.135 

0.014^4 

1431 

48.1 

354 

4x584 

II 

O.Z2D 

0.011310 

X131 

38.0 

aoi 

53631 

U 

o.xos 

o.oo86s9 

866 

29.x 

154 

68  753 

13 

0.09a 

0.006648 

665 

22.3 

Its 

89535 

14 

o.oBo 

0.00S037 

503 

x6.9 

89.3 

146198      1 

IS 

0.07a 

0.004071 

407 

13.7 

73.2 

rf 

o.o6(3 

0.003117 

312 

Z0.5 

55-3 

19x023 

17 

O.G64 

0.002290 

229 

.  7.70 

40.6 

359909 

II 

0.047 

0.001735 

174 

5.83 

30.8 

343X12 

19 

0.041 

0.001320 

133 

4-44 

33.4 

450856 

J0 

O.Q3S 

0.000962 

fS 

3.33 

17.1 

6x8690 

was  calculated  on  a 


of  483.84  lb  per  cu  it  for  steel  wire.    Iron  wire  is 


M  hntkiag  strengtha 


kqirickbr 

iM  the  iticiigth 

t^anktkdi  150 


were  caknlated  for  xooooo  lb  per  sq  In  throoghout,  simpty 
the  faRakiag  stiMgtliB  per  scmaiv  incli  oC  wiies-of  may  tttf^mxh 
I7  multiplying  the  values  given  in  the  table  by  tbe  ratio 
square  inch  aiui  xoo  000.    Thus,  a  No.  15  wire,  with  a  strength 

pounds,  has  a  breaking  strength  of  '    ' 

407  X  ^^^^^  -  610.S  lb. 
100  000 


:  MMt  not  be  ntCeRed  from  this  table  that  steel  wire  invariably  has  a  strength  of 
mft  per  sq  in.  As  a  matter  of  fact  its  strength  ranges  from  45  000  lb  per  sq  in  for 
to  «««cr  400  ooe  lb  per  sq  iA  f or  hard  wke. 

paces  401. 403. 1469,  i473i  1509, 1510, 151a.  and  x6oa 
t  Abo  American  Steel  ft  Wire  Company,  etc. 
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8.  Wlr«  Rope 

Kindt  of  Wir^  Rope.  There  are  several  kinds  of  wise  rope  in  caaa 
use.  In  each  there  are  three  or  mare  qualities  depending  on  the  kind  of  ' 
used  and  the  kind  of  core  about  which  the  strands  are  laid.  The  Trenton  '. 
Company  lists  the  following: 

(x)  Haolage  or  Tnuinuisdon-Rope,  composed  of  six  strands  of  seven  i 
each,  laid  about  a  hemp  coxe.  It  is  used  for  haulage,  transmission  of  powe 
places  where  surface-wear  is  of  chief  consideration  and  where  sheaves  of  suffi< 
diameter  may  be  used. 

(a)  Hoisting-Rope,  composed  of  six  stnnds  of  nineteen  wnes  each.  1 
used  for  elevator  service,  shafts  ancf  clerricks,  and  in  places  where  it  is  not 
Ject  to  abrasion  and  where  flexibility  is  of  chief  consideration. 

(3)  SmIo  Rope,  composed  of  six  strands  of  nineteen  wires  each,  the  I 
coils  of  the  strands  being  of  finer  wire.  It  is  intermediate  in  flexibility  beti 
the  first  and  second  kinds  of  rope. 

(4)  Non-Spinning  Hoisting-Rope,  having  eighteen  strands  of  seven  wires  < 
Twelve  of  the  strands  are  laid  in  reverse  direction  to  the  inner  six«  ma 
it  well  adapted  for  hoisting  in  free  suspension  without  untwbting  and  tui 
the  load. 

(5)  Extra-Flexible  Hoisting-Rope,  having  eight  strands  of  nineteen  wirea  < 

(6)  Spodal  Flexible  Holsdng-Rope,  having  six  strands  of  thirty-seven  ^ 
each. 

(7)  Hawser-Ropo  and  Flexible  Ronnlng-Rope,  having  six  strands  of  ti 
galvanized  wires  each,  laid  about  a  hemp  core. 

(8)  TUler-Rope,  composed  of  six  small  seven-strand  ropes  laid  about  a  I 
core.  It  is  the  most  flexible  of  wire  ropes  and  is  used  to  operate  tillers  am 
hand-ropes  in  elevators. 

The  Lay  of  Wire  Rope  is  the  twist  of  the  wires  in  the  strands  relative 
the  strands  in  the  rope.  In  the  ordinaky  lay  the  twist  of  the  strands  i 
reverse  of  that  of  the  wires,  while  in  the  Lang  lay  the  strands  are  bud  ii 
same  direction  as  the  twist  of  the  wires.  This  latter  gives  a  greater  distrib* 
of  the  wearing-surface  and  a  somewhat  greater  flexibility;  but  it  has  thi 
advantage  of  a  tendency  to  untwist  and  for  this  reason  should  not  be  use 
hoisting  weights  in  free  suspension.  Wire  rope  is  also  made  up  in  flat  01 
BON  FOKM.  For  large  sizes  It  is  more  flexible  than  standard  rope  and  m 
run  over  smaller  drums. 

Materials  for  Rope.  Nearly  all  of  the  above  kinds  of  rope  aie  made 
the  following  materials: 

(i)  Best  Grade  of  Wrought  Iron.  Tlds  is  used  in  high-speed  passq 
ELEVATOR  SERVICE  as  it  seems  to  suffer  less  from  the  effects  of  the  stresae 
to  the  starting  and  stopping  of  the  can. 

(a)  Cast-Steel  Wire,  with  an  ultimate  strength  of  from  160  000  to  2x0  c 
per  sq  in,  according  to  the  size  used. 

(3)  Bxtm-Straog  Cast-Steel  Wire,  with  an  ultimate  strength  of  £rom  zg 
to  230  000  lb  per  sq  in. 

(4)  Plow-Steel  Wire  with  an  ultimate  strength  of  from  200  000  to  230  < 
per  sqin. 

Ordinary  galvanized-wire  rope  should  not  be  used  for  other  than  sla 
rope.    A  short  service  running  through  sheaves  will  break  the  i^f^finj^  ^^^  I 


Wire  Hope 
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IkUc  XV.    Stnagdi  of  HHre  ft«pe 
Crom  the  1912  list  of  John  A.  RoebUog's  Sons  Company 


Tode 


Diazneter 


Weicht 

per  foot, 

hemp 

core 


Approximate  breaking- 
load  is  pounds 


Iron 


Cast  steel 


Minimttm  diameter  of 

drum  or  sheave 

in  feet 


Iron 


HOISTING-ROPE 
Six  strands  of  nineteen  wires  each,  about  a  hemp  core 


STANDING  ROPE 

Six  strands  of  seven  wires  each 


Caststed 


3V4 

8.00 

X440CO 

a66ooo 

14 

9 

I  J 

3 

6.30 

no  000 

212000 

12 

8 

1  ^ 

1% 

5  55 

ZOO  000 

193000 

Z2 

8 

1% 

4.85 

88  000 

170000 

XI 

7 

* 

1% 

4.15 

76  000 

144000 

XO 

6.5 

f 

iH 

3  SS 

06  000 

X38000 

9 

6   '. 

>  sH 

1% 

3 

56000 

112  000 

8.5 

5.5 

lU 

3.4S 

4Sfioo 

94  000 

7^ 

5 

l)& 

2 

37  300 

76  000 

7 

4.5 

1   ■ 

z 

X5« 

39000 

60  000 

6 

4 

1 
9 

% 

i.ao 

23600 

46000 

5.5 

3.5 

B 

% 

0.89 

17000 

35  000 

4.5 

3 

'  nfk 

% 

0.62 

laooo 

25000 

4 

a. 5 

K^ 

%e 

0.50 

9400 

20000 

3.5 

2.25 

:  «^ 

% 

0.39 

7800 

16800 

3 

2 

Ka 

Me 

0.30 

5800 

13000 

2-75 

1.75 

iDb 

% 

0.23 

4800 

9600 

2.25 

1.5 

II 

z% 

3  55 

64000 

136000 

x6 

II 

Z3 

1% 

3 

56000 

X06000 

15 

10 

Q 

iH 

a.4S 

46  000 

93000 

13 

9 

U 

1% 

2 

38  000 

74000 

13 

8 

15 

z 

z  58 

30000 

62000 

10.5 

7 

16 

^M 

1.20 

24000 

48000 

9 

6 

17 

% 

0.89 

Z7600 

37  «» 

7.5 

5 

A 

»%« 

0.75 

X4600 

30800 

7.25 

4. 75 

n 

% 

0  6a 

12  000 

26000 

7 

4.50 

30 

%• 

0.50 

9600 

90  000 

6 

4 

21 

H 

0.39 

7400 

Z5  40O 

5.5 

3.5 

.  23 

%• 

0.30 

5  200 

IX  000 

4  5 

3 

23 

% 

0.22 

4400 

9200 

4 

2.75 

U 

Me 

0.15 

3400 

7000 

35 

2.35 

'  9 

%• 

o.z«5 

2400 

5000 

3 

Z.75 

IkvoAng  fcMd  k  to  be  taken  at  ooe^fth  the  bceakinc-bad.    Tin  is 
Ifctiag  the  dtsmrfrr  of  the  sbcava. 


edii 
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rapid  corrosion  of  the  lope.  Because  oi  the  many  kJnds  and  qualities  of  i 
it  is  well  to  cojosult  the  manufacturers  as  to  which  kind  will  best  suit  the  ooi 
tions  for  any  particular  service.  The  John  A.  Roebling'g  Sons  Compuayt  T 
ton,  N.  J.,  the  Trenton  Iron  Company,  Trenton,  N.  J.,  and  A.  Lesdien  &  S 
Rope  Company,  St.  Louis,  Mo.,  are  among  the  largest  nuuufacturers  of 
lines  of  ropes. 

I  Coils.  Wire  rope  should  not  be  coiled  like  hemp  rope,  and  in  order  to  a 
kinking,  should  be  taken  from  the  reels  without  twisting.  If  it  b  not  shippe 
a  reel,  to  avoid  injury  it  must  be  rolled  over  the  ground  like  a  wheel,  j 

Lubrication.  It  is  very  important  that  running  ropes  be  properly  h 
Gated,  since,  if  proper  care  is  not  taken,  the  wear  on  the  interior  parts,  bet^ 
the  wires,  may  be  almost  as  great  as  the  outside  abrasion.  The  oil  should  p 
trate  to  the  core  of  the  rope  and  yet  not  drip  o£F  a  few  days  after  applica 
Information  as  to  the  care  of  rope  may  be  obtained  of  the  Wire  Rope  Lnb 
ting  Company,  Newark,  N.  J. 

Sheares.  The  size  of  sheaves  recommended  in  the  tables  are  calculate! 
a  working-load  of  one-fifth  the  given  breaking-load.  If  smaller  sheaves  are 
the  life  of  the  rope  will  be  greatly  shortened,  because  of  the  excessive  ben 
of  the  outer  wires. 


Table  XVL    Oalvanised,  Steel-Wlra  Strands 

For  guys,  signal<ords,  trolley-line  span  wire,  etc.    Taken  fiom  the 

American  Steel  &  Iron  Company's  Kst 


Diameter  in 
inches 

List  price  per 
TOO  feet  • 

Weight  per  zoo 
feet 

Approdmate 

breaUng-load 

io  pounds 

% 

17.25 

80 

14000 

%• 

S.7S 

6S 

ZIOOO 

H 

4.50 

52 

8500 

%• 

375 

41 

6500 

% 

a. 75 

30 

5000 

%6 

a.  25 

22 

3800 

H 

1.75 

13 

2300 

1800 

%s 

1.50 

9^ 

%• 

1.25 

7% 

X400 

^ 

1. 15 

sVi 

900 

\^ 

1. 00 

3% 

600 

%9 

.80 

a 

400 

f.  Cotton,  Hemp  and  Manila  Rope 

Rope  is  made  of  cotton,  hemp,  and  Manila  fiber.  Cotton  is  used  foi 
tfizes,  only,  and  for  such  purposes  as  sash-cord,  etc. 

Manufacture.  In  the  manufacture  of  rope  the  fiber  is  first  spun  into 
From  twenty  to  eighty  threads  are  twisted  together  into  stsani>s  ai 
strands,  three  or  four,  are  laid  together,  opposite  in  direction  to  the  vt 
the  strands,  but  in  the  same  direction  as  the  threads.  This  causes  the 
^o  be  twisted  as  the  rope  untwists  and  produces  a  haiapring  ^i  forces  tKa^i 
to  keep  the  rope  in  shape. 

Cables  and  Hawtora.are  made  up  of  strands  of  rope. 

•  These  pre-war  prices  must  be  increased  as  per  current  price-lists. 


Cotton,  Hemp  and  Manila  Rope 

ift  8Md  for'Hoifltinc  wean  rapidly  from  the  action  of  the  pufleyi  nm 
thn  the  henHing  whkh  caues  a  sUg^  intenial  motioii  betweea  tiie  fiber 
i(kfiog  and  grindfaig  wtmy  of  the  interior. 

Iwidow-Roy,  of  the  C.  W.  Hunt  Company,  is  filled  with  a  tallow  am 
itagD  Wxicant  which  decreases  the  internal  friction,  lubricates  the  outsid 
hcnpe  and  thus  greatfy  prolongs  its  life. 

|H|dL  The  values  of  the  strength  of  new  rope,  given  In  Table  XVII,  an 
■  ton  the  Specifications  of  the  United  States  Navy  Department,  issuec 
Ne.  1910^  at  the  Boitaa  Nc^^-Yatd.  Maaafacl«.«8  snerally  adopt  thesi 
^ad  weights  and  daim  a  ^rength  equal  to  or  a  little  greater  than  the  value 
I.  The  UMTT  SHTRENGTH  for  the  different  sizes  varivs,  being  about  X4  000  It 
^  ia  for  the  smaller  and  about  10  000  for  the  largest  siae.  The  approx 
aiBKBuIa,  offered  by  C.  W.  Hunt,  of  720  times  the  square  of  the  ovcum 
tat  in  inches,  is  equivalent  to  about  9  000  lb  per  sq  in.  American  hemp 
ti  bs  about  5%  greater  strength  than  Manila  tope  of  the  same  sise.  Th< 
rspedficatioas  give  for  two-strand  American-hemp  rope,  85%  of  the  strengtl 
ketfaee-strand  lope  of  the  same  material. 

Table  XVn.    Strength  aad  Weight  of  Hope 

SpedficatioBS  of  the  United  States  Navy,  June,  19x0 


m 

m 

Manila  hemp,  plain4aid 

^  American  hemp,  tarred. 
plaaa-laid,  three  ftnads 

■ 

Weights 
lb  per  ft 

Bvealdag- 

loads 

lb 

Weights 
Ibperft 

Breaking^ 

loads 

lb 

•i 

I 

1% 

xH 
iH 
t 

^i 

3 

3^ 

3^ 
4 

4^ 
5 

i 

T 
S 

» 

0.24 
0.33 

0.40 

0.48 

0.5» 

1       o.d4 

0.7a 
0.80 
0.87 

0.9$ 

x.03 
x.x6 

1.19 
x.37 

X.43 
X.S9 
X.7S 
1.90 

3.33 
3.S4 

a.gr 

3.Z4 

0.03 
0.033 

O.OS 

0.063 

o.xo 

O.X4 

0.X7 
0.21 

0.26 

0.3PS 

O.JS 
0.43 
0.47 

0.54 

o.fi7 
0.83 
1. 00 

1. 31 

1.63 

a. 17 
3.70 

3.33 

700 

XOOO 

1800 
3500 
3000 
4000 

5000 

5500 
6600 

7800 

9300 
xosoo 

13  300 

13700 
17400 

2t600 

27700 

3K000 

36200 

47300 

60000 

74  300 

0.05X 
0.06 

o.o«7    " 
0.063 

o.xos 
0.16 

0.21 
0.26 
0.33 
0.37 

0^ 
0.5X 

0.59 
0.67 

•  •  •  • 
■  ■  •  • 

•  •  •  • 

•  •  «  « 

•  •  •  « 

•  •  •  • 

•  •  •  • 

7SO 
1060 

1*70 
2340 

3  33S 
3955 

4  730 
5770 
7000 
8400 

98DO 
XX  200 

13000 
14550 

rape  is  made 
usedfor 


in  three  strands  and  in  sixes  up  to  3  in  in  drcumfereno 
larger  than  3  in  in  drcumisnoca. 
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WorUag  Load.  The  woskimg  load  for  sbw-speed  dcmck  sod  M 
service  is  usually  taken  at  one-seventh  the  brxakino-load.  This  makes 
allowance  for  the  loss  of  strength  at  splices  and  connections.  The  deterioi 
of  rope  exposed  to  the  weather  is  veiy  rapid.  For  Manila  rope  from  ^  to 
in  diameter,  running  over  sheaves  of  the  diameters  given,  C.  W.  Hunt  in  1 
Am.  Soc.  M.  E.t  Vol.  XXIII,  gives  a  table  embodying  approanmately  tl 
lowing  results  of  experience: 

Table  ZVm.    Working  Loads  for  Manila  Rope 

Working  load  >■  C  X  breaking-load  of  new  rope 

D  M  minimum  diameter  of  sbcave  in  inches 


Speed 

Feet  per 
minute 

Kind  of  work 

Value  ol 
C 

diametei 

xin 

i' 

Slow 

Medium... 
Rapid 

50  to  100 
150  to  300 
400  to  800 

Derrick,  crane,  quarry,  etc. 
Wharf,  cargo,  etc. 

0.014 
0.056 
0.098 

8 
12 
40 

The  wear  in  such  service  is  very  rapid,  a  i^in  rope  wearing  out  in  liftini 
7  000  to  10  000  tons  of  coal.  On  the  other  hand,  a  xV6-in  tranamissio 
running  at  5  000  ft  per  min  and  carrying  i  000  horse-power  over  sheave 
and  17  ft  in  diameter,  lasts  for  years,  the  difference  being  due  to  the  s 
stress  and  larger  sheaves. 


!•.   Chains 

Maniifactiire.  Large  chains  are  made  by  hand-welding  from  best  wr 
iron  bar,  and  small  chains  up  to  H  in  are  best  made  of  mild  open-hearth 
electric-welded.  The  bending  and  welding  reduce  the  strength  so  th 
chain  is  not  twice  but  only  from  1.55  to  1.70  times  as  stroiKg  as  the  origii 
from  which  it  was  made.  Stud  chain  having  a  bar  welded  across  ea< 
to  stiffen  it  and  prevent  fouling  in  handling,  b  not  as  strong  as  ope: 
CHAIN,  but  has  a  higher  elastic  limit  and  working  strength.  G.  A.  Goode 
in  a  Bulletin  from  the  Illinois  Engineering  Experiment-Station,  finds  the 
mum  stresses  at  the  elastic  limit  of  the  material  to  be  as  follows:  If  P 
load,  d  the  diameter  of  the  bar,  and  S  the  stress,  the  formulas  are: 

P  «  0.5  d^S  for  stud-Unk,  and 
P  «  0.4  d*S  for  open  link. 

Proof-Tatts.  A  proof-test  is  applied  to  chains  by  the  manufacturers 
load  applied  is  one-half  the  average  breaking-load.  It  serves  to  detc 
welds  and  gives  a  chain  a  slight  permanent  set,  bo  that  for  working  loadi 
after  there  will  be  little  stretching  of  the  chain. 

Care  of  Chains.  Chains  in  constant  use  require  lubrication  and  fa- 
annealing.  They  harden  in  service  and  are  liable  to  unexpected  ^luxv 
annealed.  It  is  recommended  that  hoisting  chains  and  sling  chains  be  at 
at  least  once  a  year. 


Chains 
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CkMom 
Bnuflee  and  Cooipaiqr,  Philadelphia 


r-     - 

1 

1          1 

D.B.G.  tpedal  crane 

Crane 

e-        «       1 

Approxi- 

mate 
weisht 

Sbeof     ' 

Average 

Average 

■ 

Proof-test 

breakittg- 

Proof-test 

breaking- 

I^M    lUWV 

lb 

load 
lb 

lb 

load 
lb 

^ 

94 

1932 

3864 

z66o 

3360 

..     H 

i)^ 

4x86 

8372 

3640 

7280 

,      4 

a-S 

7  728 

15456 

6720 

13440 

91 

41 

11914 

33  828 

10360 

20  720 

^ 

6.3 

17388 

34776 

15x26 

30  240 

^ 

8.4 

22484 

44968 

20440 

40880 

z 

I0.5 

29568 

59x36 

a6  88o 

53760 

iH 

U.6 

37576 

75x52 

34160 

68320 

lU 

i6 

46200 

92400 

42000 

84000 

iS 

19.2 

55748 

IXX496 

50680 

10x360 

iH 

23 

66538 

133056 

60480 

120960 

iS 

as 

74382 

148764 

1% 

31 

82320 

164640 

r^ 

33 

94360 

188720 

3 

40 

107520 

2x5040 

2^ 

46.S 

12x240 

242480 

k  ^edficatkios  of  the  United  States  Navy  Department  require  the  same  pvoof-test 
h  pacn  above  for  cxane-chain  and  a  bceakibg-stiength  10%  greater  than  that  given 


[.    Piroof-Tests  sad  Avwag*  Bfaaldiig-Loads  for  Studded  Chain- 
Cablet 

Specifications  of  the  United  States  Navy  Department 


&K0f 

cable 

Proof-test 
lb 

Average 
breaking- 
load 

Size  of 
cable 

■ 

Proof-test 
lb 

Average 
breaking- 
load 

a 

1 

lb 

in 

lb 

I 

34607 

67  536 

1»%S 

130202 

225687 

iH 

43812 

82686 

2 

138739 

239  732 

ri4 

54194 

100630 

2V46 

147544 

254223 

Ae 

59784 

109  77X 

2% 

156622 

269160 

-1% 

^574 

119  3SS 

2^4 

175591 

360373 

tfU 

71672 

129  385 

2^ 

2x6779 

368153 

xH 

7S041 

139  86x 

2% 

238995 

4047x9 

As 

84678 

150783 

2% 

262302 

443069 

A 

9x588 

163  152 

3% 

266692 

483203 

A 

10622a 

186228 

3 

3x2x65 

525  X2X 

^        ' 

iaz937 

212  188 

M 

339X02 

567823 
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Factors  of  Sal«ty.  For  dead  loads  the  factok  of  bavbty  nay  be  i 
as  four  provided  the  breaking  of  the  chain  would  not  imperil  life.  This 
factor  generally  quoted  in  catalogues,  but  is  too  low  for  most  purposes  \ 
HAXiuxTif  FIBEK-STSESS  is  then  well  above  the  elastic  limit  of  chaii 
Where  loads  are  to  be  raised  repeatedly  with  machinery  which  can  be  op 
without  jerks  or  sudden  change  of  speed,  the  use  of  a  factor  of  six  is 
practice.  If  a  chain  must  be  used  where  shocks  occur,  the  ihstanta 
LOAD  should  be  calculated,  and  a  hi^  factor  of  safety  employed. 

Grades  of  Chain.    Chains  up  to  i  ^  in  are  usually  made  in  three  c 
called  PROOF,  bb,  and  bbb.    The  proof  is  the  cheapest  grade,  and  is  m 
longer  links  than  the  others.    This  is  not  ordinarily  proof-tested,     bb 
next  grade,  somewhat  shorter  Hoked,  and  is  proof-tested,     bbb   is   < 
shorter  link  and  more  carefully  made. 

Crane  Chair  is  finished  in  such  a  way  as  to  be  without  twist  when  h 
with  one  end  free,  so  that  hooks  and  fittings  arc  always  facing  their 
direction. 

Dredge  Chain  is  straightened  as  is  Crane  Chain,  and  made  with  n 
links  to  run  over  a  wheel. 

Steel  Loading  Chain  is  made  mostly  in  small  sizes  for  use  where  the 
compared  to  the    strength  is  to  be  a  maximum.    It   is   the    bighy^ 
hand-made  chain. 

Block  Chain  is  fitted  to  the  pocket-whed  in  which  it  is  to  ran.  It 
sizes  it  is  usually  electric-welded. 

Electric- Welded  Chain  is  made  In  small  sizes  and  is  rapidly  leplad 
hand-made  below  >i  in.    It  is  stronger  and  more  uniform. 

Sizes  of  Chain.  Chain  is  ordinarily  made  of  wire  or  rod,  Via  in  W9 
the  NOMINAL  DIAMETER,  by  whlch  it  is  called.  If  chain  is  desired  made  of 
the  size  by  which  it  is  called,  it  must  be  specified  as  exact  sizb.  Steel  I 
Chain,  Block  Chain,  and  frequently  Dredge  Chain,  are  made  exact. 
Link  Anchor  Chain  is  made  of  wire,  ^U  in  above  its  vomimal  diambtsi 


CHAPTER  Xn 


HEIUI.\N  CLAUDE  BERRY 

coNsiKvcTtoH,  vNivERsiTY  ot  mminviunA 

1.  ShMr 

a^B  the  internal  itreu  in  a  body  wUch  milts  the  teodencr  of  tiTO  ad)^ 
«  pm  10  sKde  on  each  otha,  due  to  the  action  of  two  equal  and  parallel 
pid  ioica,  called  ibeaking- 
KU,  iclisf  on  oppamte  sdes 
[^[liiw  of  jfaeat. 
I  tk  piBi  iIkJ  of  Fig.  1  repte- 
ki  1  ihoit    smplc    beam    of 
iak  [Uteriil  on  vhich  a  suffi- 
H ludli  ippGn],  it  will  fail  in 
nrriL  BEAK  at  /  and  g,  u 
|>^bfa  sliding  on  the  sections 
ibbcam  at  these  points,  be- 
at iIk  upward   force  of  the 
Ua  It  5  and  the  downward 

IK  of  the  kad  adjacent  to  J,  pi,,  |_    Sbcatiog-tiiluTt  ot  Beam 

lis  wbkh  it  acts  across  the 

Hia  d  J,  ii  grratei  than  the  total  SHBAUNO  KESISTANCe  of  the  section. 
■I  ii  peieal  over  the  entire  length  of  the  lieani,  and  at  any  section  is  equal 
AtRittiiia  at  S  minus  the  weight  of  the  load  between  tbe  reaction  and  the 
ifta  B  qntMion.  In  general,  the  veiticai.  sheab  at  any  lectim  of  a  beam 
Ipotd  lo  vertical  loads  is  equal  to  the  algebraic  sum  of  all  tbi  vertical  forces 

acting  on  the  bean  on  either  sde  of 

tbe  lectioD. 
Slntfe  and  Donbl*  Shau.   A 

rivet    connecting    two    bars    under 
f%.t,   EiMapk  of  Sincle  Sboi  tension  (Fig.  2)  it  subjected  to  a 

i  lint  trananits  tbe  force  tbe  rivet  is  nid  to  be  in  simglx  ikbai  ;  if  two 


m  ef  Shear.    Sheer  is  oonsideral  i 
I  ftooiiia  except  in  cases  ol  torsion  and  of  complex  stresses. 
'a  the  (irdiiury  cases  of  shear  in  rivets,  Ac.,  If 

5,  -  the  allowable  unit  itnB  in  Acar,  ■     ■ 

A  "  liie  ares  under  stresB. 
1  p  m  the  safe  shearing-load; 

t  P'AS, 

Ii  UHlawla  Strcngtli  in  Shear  bas  been  determined  for  building  m 
vifig  suitably  prepared  ipedmens  and  dividing  the  maiimum  l( 
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A 

served  by  the  area  under  stress.    For  material  like  wood,  in  which  there 
planes  of  weakness,  tests  must  be  made  which  take  these  into  account, 
direction  of  the  force  with  respect  to  these  planes  must  be  considered  in  ch 
ing  the  safe  working  stress  from  the  tables. 

Safe  Working  Stresses  in  Shear.    Table  I  gives  safe  working  st&ej 
in  SHEAR  for  those  building  materials  usually  subjected  to  such  stresses. 


Table  I.    Safe  Working  Stress  in  Shear  for  Building  Materials* 


Material 


Cast  iron  (New  York) 

Wrought  iron 

Steel,  bolts,  rivets.... 


White  oak 

White  pine 

Long-leaf  yellow  pine.. 
Short-leaf  yellow  pine. 

I>ouglas  fir 

Heiilock 

Spruce , . , 


Safe  stress  in  lb  per 

sq 

m 

3000 

7500 

lo  000  (avemse) 

With  the 

Across  ti 

grain 

Craan 

200 

z  000 

xoo 

Soo 

ISO 

z  250 

IJO 

z  000 

zoo 

900 

xoo 

600 

xoo 

750 

*  Note.  For  woods,  these  values  may  be  increased  up  to  30^  for  selected,  per! 
protected,  commercially  dry  timber,  not  subject  to  impact,  that  is,  for  ideal  condi 
(See,  also,  pages  637  and  647.) 

Shear  in  Wooden  Tie-Beams.    There  are  a  few  cases  in  architectural 

struct!on  in  which  the  weakness  of  wood  in  shear  must  be  provided  for. 

one  most  frequently  arising  i 
framing  of  the  end  of  the 
beams  in  wooden  trusses. 

Fig.  3  was  made  fra 
photograph  of  a  shea] 
FAILURE  of  a  tie-beam  froa 
thrust  of  the  rafter. 

Horizontal    Sheai 
Wooden  Beams.    Failun 

that    shown    in    Fig.     1    r 
occurs  in  wood;   but  rectan 
Fig.  3.    Shearing-failure  m  Wood  wooden  beams,    the    lengt 

which  is  less  than  about  twenty  times  the  depth,  ate  liable,  to  fa: 
HORIZONTAL  SHEAR  alonif  the  middle,  under  about  the  same  loads  that  1 
the  allowable  working  stresses  in  bending. 

Shear  at  the  End  of  a  Tie-Beam.  In  the  case  of  the  truss-joint  (Fi 
the  thrust  S  of  the  rafter  tends  to  shear  off  the  part  A  BCD  along  the  pb 
which  CD  is  the  trace.  This  area  under  stress  must  offer  a  sheari2«g  ri 
ANCE  equal  to  the  horizontal  component  H  of  the  thrust  S.  The  width  < 
beam  b,  being  fixed*  formula  (i)  gives 

B^{CDx  b)S,     or    CD  -  B/bSx 

The  shear  being  in  the  same  direction  as  the  grain  of  the  wood,  the  lower 
in  Table  I  must  be  used. 


Riveted  Joints 


413 


Iteaiii  I  CFis.  4).  The  horixootal  component  of  the  thrust  of  a  rafter  is 
koo  lb.  The  loDg-Ieaf  yellow  pine  tie-beam  is  zo  in  wide.  How  far 
fniii  the  beam  extend  beyond  the 

mm 

f 


In  this  case  B»  20  000 

From  Table  I,  S,  -  150  lb  per 

30  000 

13.3 


|k   Then  CD» 


10  X  ISO 
made  at 


least     C 


Fig.  4.    TruM-joint 


Had  should  be 

is  actually  constructed  a  large 
|K  of  the  thrust  is  generally  taken 
ibfi  bolt  or  strap  at  the  foot  of 
k  nfter  to  hold  it  in  place.  .As 
irboitand  shoulder  seldom  act  together,  either  the  length  CD  on  the  tie-beair 
kU  be  made  long  enough  to  resist  the  entire  thrust,  or  the  bolt  or  strap 
to  do  so  without  relying  on  the  shearing  resistance  in  the  plane  of  CD. 
of  such  joints  is  more  fully  considered  under  Subdiviskm  4,  pages 
9  to  439  of  this  chapter. 

t.  Riveted  Joints 

Bn  of  Sirets.  Rivets  ahnost  exclusively  are  used  in  connecting  the  plates 
4  shapes  whidi  make  up  the  members  o(  framed  steel  construction. 
KivM-Defiiiitions.  A  rivet  is  a  piece  of  cylindrical  rod  with  a  head  forged 
t«Kaid  and  usually  with  a  slight  taper  at  the  other  end  of  the  sbANK.  The 
b  CTable  IV)  of  the  rivet  is  the  length  betweeen  the  under  sides  of  the  heads 
mimiag,  or  the  thickness  of  the  parts  joined.  The  length  (Table  IV)  of 
It  rivet  is  equal  to  the  grip  plus  enough  of  the  stock  to  form  a  head,  and  is 
■aored  from  the  end  of  the  shank  to  the  under  surface  of  the  head.  The 
msEM.  aw  THE  SHANK  of  a  rivet  is  made  equal  to  its  nominal  diameter, 

but  rivets  are  driven  into  holes 
/'^^  yfK   •  %  in  larger  in  diameter  and 

upset  by  the  driving  so  a^  to 
completely  fill  the  boles.  The 
shearing  values  and  bearing 
values  are  based  upon  the 
nominal  area  and  not  upon 
the  area  of  the  hole. 

Riveting  consists  in  heating 
the  rivet  to  a  welding-heat, 
passing  it  through  holes  in  the 
parts  to  be  joined  and  forging 
another  head  out  of  the  pro- 
jecting shank.  This  may  be 
done  by  hand-hammering;  but 


} 


i 


^17 


£3 


I 


\ 


■^ 


I 


F%.  5.     Forms  of  Rivet-heads 


pa  «se  oompressed-ah'-operated  hand-hamfners  or  large  riveting-machines 
ch  form  the  head  and  cause  the  shank  to  completely  fill  the  hole  by  heavy 
Boe  oa  a  die. 

literial  of  BJTets.  Rivets  are  made  of  soft  steel  and  of  wrought  iron. 
tt-steel  is  generally  used.  The  head  may  have  any  of  the  forms  shown  in 
(.5.  ahbough  the  first,  called  the  button-head,  is  the  standard  for  structural 
fL  The  fourth  or  coUNiEsstrNX  head  is  used  where  it  is  necessary  to  have 
k  aBfaOy  as  over  a  bearing-plate. 
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TkM  Sixeia  of  HivotHHieadt  differ  slightly  at  different  oilb.  The  Staodfl 
o£  the  American.  Bridge  Company  give  for  the  ntAMErea  of  the  head,  one  « 
one-half  times  the  diameter  of  the  shank  plus  %  in,  and  for  the  keigbt  of  ' 
head,  0.425  times  the  diameter  of  the  head.  Countersunk  heads  have  a  six 
of  30*  and  a  depth  equal  to  one-half  the  diameter  of  the  shank. 

The  Plteh  of  Rivets.  By  this  is  meant  the  center-to-ceater  dista 
between  them  in  a  line  of  riveting.  The  distance  between  lines  of  rivets, 
from  the  back  of  an  angle  or  channel  to  a  rivet-line  is  called  the  gatjge-i 
TAI7CE.  By  STAGGEaEo  PITCH  IS  meant  the  arrangement  of  rivets  laidi 
between  others  on  successive  rivet-lines  in  order  to  decrease  the  section 
than  when  they  are  arranged  in  rectangular  rows,  and  at  the  same  time  to  p 
a  greater  number  of  rivets  In  a  definite  area.  The  pitch  should  not  be  m 
less  than  three  diametera  of  the  rivet  and  the  distance  from  the  edge  of 
plate  not  less  than  one  and  one-half  diameters,  although  it  may  be  neces 
to  make  the  distance  less  when  small  angles  are  used.  The  pitch  of  coui 
sunk  rivets  must  be  greater  than  that  of  button-head  rivets  because  o£ 
greater  amount  of  material  removed. 

Pttndiiag  Rivet-Holes.  Rivet-holes  are  made  with  power-punches. 
spacing  is  marked  on  the  different  parts  to  be  fastened  together  by  meai 
wooden  templates  with  holes  drilled  to  locate  the  position  of  the  rivets.  V 
the  different  parts  are  assembled,  the  holes  are  laid  out  by  the  same  tescpl 
REGISTER,  SO  that  the  rivets  may  be  inserted  without  difficaky.  Pumo 
makes  a  ragged  hole.  The  flow  of  the  metal  under  the  great  pressure  hai 
It  aad  causes  a  loss  in  strength  of  from  11  to  33%  as  reported  by  W.  C.  U 
for  soft  steel.  The  injury  may  be  renraved  by  annealing  or  by  reaiokg  i 
the  injured  part  of  Uie  metal.  Enlarging  a  T^in.  hole  by  reaming  to  z 
has  been  found  to  remove  all  the  injurious  effects  of  punching.  One  m< 
practiced  in  the  best  work  is  to  punch  the  holes  He  in  less  in  diameter  thai 
diameter  of  the  rivets,  and  to  ream  them  to  a  diameter  H«  in  greater,  af  te 
parts  are  assembled  and  bolted  together.  This  removes  the  greater  pa 
the  injury  from  punching  and  corrects  the  alinement  of  the  holes. 
Table  XI,  page  400,  and  Table  I,  page  702.) 

Drift-Pins.  When  the  alinement  of  a  hole  is  such  as  to  prevent  the  inac 
of  the  rivet,  it  is  the  practice  in  some  shops  to  drive  in  a  tapered  DRifrr>pn 
distort  the  holes  in  some  of  the  plates  sufficiently  to  set  the  rivet.  Xhis  c 
LOCAL  stresses  and  injury  to  the  plates  and  should  not  be  permitted. 

Shop-Riveting  is  done  with  powerful  air  or  hydraulic  rivetin^-nuu 
which  may  exert  a  pressure  of  from  30  to  50  tons,  sufficient  to  upset  a  pi 
head  on  the  projecting  end  of  the  shank  and  to  completely  fitl  the  hole 
though  the  alinement  is  imperfect.  Contraction  on  cooling  causes  gBMi^tt 
sure  between  the  parts,  so  that  it  is  probable  that  in  good  work  the  rivet  is  < 
little  or  no  shearing-stress,  the  force  being  transmitted  through  the  fric 
resistance  of  the  plates. 

Clearance.  It  is  important  that  the  designer  place  the  rivets  so  thej 
be  inserted  from  one  side  and  pounded  on  the  other  for  hand-work,  or  st 
the  machine  may  reach  them  for  machine-riveted  work.  For  exampi 
minimum  distance  from  the  inside  face  of  the  leg  of  one  angle  to  a  line  oC 
in  the  other  leg  must  not  be  less  than  i^  in  for  %-in  rivets,  i  in  for  %^-in  1 
etc.  In  general,  a  distance  %  in  greater  than  the  diameter  of  the  head  s 
be  allowed  for  clearance. 

Inspection*  The  common  imperfections  in  riveting  are  loose  rivbi 
eccentric  heads.    Loose  rivets  may  be  detected  by  holding  the  K^Ttf^^  g 
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he  lie  of  the  rivet-betd  aod  tappiag  the  otiier  side  with  a  fight  hammer. 
FiMM;asiisfatBlipiBa7befelt.  The  kx>9e  riveU  should  be  marked  to  be  cat 
I  led  replaced.  The  iospector  should  also  caiefuily  check  open  holes  left 
rfieU-amoectioas,  and  see  that  flattened  and  countersunk  rivets  are  as  called 
t,  becuise  such  work  may  be  done  at  less  expense  in  the  shop  than  in  the 
dl  where  it  may  cause  delay. 

Us  Pailvre  of  Riveted  Jointa  may  occur 

(i)  hi  lEKSiON,  by  the  tearing  of  the  plate  through  the  line  of  nveU  (Fig.  6). 

(2)  hk  SBEAR,  by  the  cutting  of  the  rivets  (Fig.  7). 

(j)  In  BEASIKC,  by  the  crushing  of  the  plate  in  front  of  the  rivets,  the  split- 

^K  of  the  plate,  or,  in  some  cases,  by  the  shearing  out  of  the  sections  in  front 

t!)e  nrets.     In  a  careful  design  of  a  joint  the  strength  against  failure  by  each 

tl!»e  methods  must  be  investigated  (Fig.  6  and  Fig.  9). 


s 


Fif.  6 


Fig.  7  Fig.  8 

S  to  9.    Methods  of  Failure  in  Riveted  Joints 


T 


Fig.  0 


the  Steps  in  tiM  Deiign  of  any  type  of  riveted  joint  are,  (i)  the  selec- 
I  of  the  siae  of  the  rivet  to  be  used,  (2)  the  determination  Of  its  shearing 
I  bearing  stren^h  and  the  use  of  the  smaller  value  of  the  two  to  divide  into 

bad  to  be  tnuunitted  and  thus  determine  the  number  of  rivets, 
t  of  the  rivets  in  the  plate  and  the  investigation  of  its  strength 

at  the  dangerous  section. 

Hto  Site  of  Rivets  is  determined  in  part  by  shop-practice.  Holes  can- 
be  pvicfaed  in  plates  which  are  thicker  than  the  diameter  of  the  punch. 
rlolowing  table  gives  the  size  of  rivets  used  with  plates  of  different  thickness, 
le  nnrificatioas  for  structural  work  require  all  rivets  to  be  %  in,  except 
le  Unck  plates  require  larger  ones. 


Thickness  of  plates 

Size  of  rivets 

%to%«  in 

%  to  ^8     in 

iM«toi%«in 

%  to  z      in 

%in 

V9  in 

xin 

n  and  HI  give  the  shearing  and  bearing  values  for  different  sizes 
in  plates  of  different  thickness  for  two  values  of  working  stresses  each; 
e  j£  7  500  and  10  000  lb  per  sq  in  and  bearing  at  15  000  and  x8  000  lb  per 
L,  Values  for  higher  stresses  can  be  figured  by  proportion  from  these  tables. 
tWwu  stigjses  should  be  used  with  wrought  iron  or  in  parts  subjected  to 
^feadi;  the  higher  stresses  where  only  constant  or  dead  loads  are  present. 
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The  SHEAUNO  VALI7E  is  equal  to  the  area  of  the  rivet  multiplied  by  the  woA 
stress;  the  BSAaiNG  value  is  equal  to  the  area  of  the  projected  surface  uii 
pressure  multiplied  by  the  working  stress  in  bearing,  or,  if 

/ «  the  thickness  of  the  plate; 

i«-  the  diameter  of  the  rivet; 
and  Sb  «  the  working  stress  in  bearing; 

then  the  bearing  value    P  -  diSb 

The  Shearing  and  Bearing  Values  may  be  taken  directly  from  the  tal 
and  if  a  rivet  is  in  double  shear,  twice  the  quantity  in  the  table  is  to  be  usee 
its  SHEARING  VALUE.  Quantities  above  the  heavy  broken  lines  are  beai 
VALUES  greater  than  the  values  in  single  shear,  so  that  for  these  conditions, 
number  of  rivets  necessary  in  a  joint  required  to  transmit  a  certain  loa 
determined  by  dividing  the  load  by  the  value  in  single  shear.  If  rivets  art 
double  shear,  the  number  of  rivets  required  is  found  by  dividing  the  load  b> 

BEARING  VALUE. 

Rivet-Pro]K>rtio98.*  The  following  diagrams  show  various  rivet-proporti 
including  the  dimensions  of  shanks  and  of  finished  and  countersunk  heads: 


j*-*^ 


'V 


ffl. 


**= 


:j 


%  j^  H^^  T    k    1'    >i  I    }<. 


I"  HI 


-*>ir-^ 


IT 


FINISHED  HEADS  COUNTERSUNK  HEADS 

IHun  head  - 14  dlom  of 
•bank't-  ^'dept;^  of  tead 
"%»dlam  of. bead 

'^  These  proportwns  vary  slightly  at  difftreot  mills  and  in  differmt  handboolu 


Depth  of  bead  «  4  diam  of 
sbanlc.  fieT«l  of  bead  -  eo" 
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some 


Two  Full  Heads 


Cottatersnsk  laaide  (Farslde)  and  Chipped 


CMntenank  Outside  (Nearaide)  and  Chipped 


Coaatersimk  both  Sides  and  Chipped 


Shop 


o 


Field 


hk«ed  to  ^  m  high  or  Counter- 
sank  and  not  Chipped 


FIatt»n«d  to  v^  in  high 


Inside        Outside      ^       „'    ' 
(Famide)   (Nearside)     B<»HSroE& 

QQS 


Ratteaed  ^  in  high 


Weill,  desgned  Iv  F.  C  Osbom.  has  for  its  foundation  a  diagonal  cross 

a«t  a  count««ink,  a  blackened  drcle  for  a  field-rivet  and  a  diagonal 

^aflattcned  head.    The  position  of  the  cross  with  respect  to  the  circle, 

^ta^  or  on  both  sides,  indicates  the  location  of  the  countersink;  and 

;  the  number  and  position  of  the  diagonal  strokes  indicate  the  height 

&oa  of  the  flattened  heads.    Any  combination  of  fieW,  countersunk 

■teied-head  nyets  hable  to  be  used  may  be  readily  indicated  by  the 

hmatioa  oc  the  above  aians. 
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^     Length  of  Field-RiTeta  for  Various  Grips.     Length  of  RiTet-Sh 

to  Form  Heed 

American  Bridge  Company  Standard.    Dimensions  in  Inches 
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Per  weight  of  rivets,  see  page  X52&. 
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ne  of  RiTeted  Jtrfnts.  Riveted  joints  are  used  in  biiil<yiig-coiistructioii 
)  c  tie-bar  splices,  (3)  in  floor-besm  connectioQS,  (3)  ia  the  joints  of  trusses, 
aiireied  girders^  and  (5)  in  column-connections. 


c 


Od 


VI7 

Tig.  10.    Lap-joint 


1 


t 


0.0 


xrrxzr 

Fig.  11.    Butt-joint  with  Single  Cover-plate 


Mdnc  of  Tie-Ban.     Tie-bars  taay  be  spKced  by  a  lap-joint  (Fig.  10); 
I  BrTT-joDTT  with  a  single  cover-plate  (Fig.  11);  or  by  a  butt-joint 
I  tvo     cover-plates     (Fig. 


r 


L 


I 


] 


I 


1 


Fig.  12.    Butt-joint  with  Two  Cover-plates 


lie  Bott- Joint  is  93rmmet- 

i  aad  more    efficient    than 

iethers  because  of  the  absence 

i^T  tendency'  to  bend  when 

iff  a  knd.     The  net  area  of 

(  aner-plates  at  the  section 

Bq^  the  rivets  at  the  end  of 

(Bain  plate  must  be  equal  to 

I  Kt  irea  of  the  main  plate  through  the  rivets  at  the  end  of  the  cover-plate. 

i  14  shows  a  better  arrangement  of  rivets  than  that  in  Fig.  13,  because  less 

a  is  lemoved  at  the  critical  section  of  the  cover-plates.    In  some  cases  it 

may  be  necessary  to  make  the 
aggregate  thickness  of  the  cover- 
plates  greater  than  the  thickness 
of  the  main  plates. 

A  joint  with  one  line  of  rivets 
is  said  to  be  siNGLE-Rn'ETED, 
one    with    two    lines    double- 

Jl  Coftr-pUte.  Six  Rivets  at  CriUcal  Section    W^-^TED,   and   one   with   more 

than  two  hues,  chain-riveted. 

bHOfle  2.  It  is  required  to  determine  the  number  of  rivets  in  the  splice 
1 12  by  ^in  tie-bar  which  is  subject  to  a  tensile  force  of  65  ooo  lb. 

Assunmig  that  the  load  is  constant,  the  stresses  in  Table  III  may 
Assumins.  also,  a  lap-joint  like  that  in  Fig.  15,  and  ^i-ia  rivets,  the 
le  in  shear  of  one  rivet  is  found  to 
4  420  lb  and  the  bearing  value 
■St  a  W-in  plate,  6  740  lb.  The 
iber  of  rivets  is  determined  by  the 
ir  to  be  equal  to  65  000  divided  by 
a,  or  fifteen.     Since  sixteen  rivets 

neqmrcd    to    complete    a    figure   ^.    ,^     ^         ,         ,,      «.  

ler  bat  similar  in  arrangement  to  ^W-  "•  Cover-pUtc  Four  RiveU  at  CnU- 
t  shown  in  Fig-  15,  thb  number  is  ***  ^**^** 

L  There  is  some  latitude  possible  in  the  spacing  of  the  rivets,  but  with  a 
^  of  13  in,  the  horizontal  gaugc^Knes  are  placed  i^  in  apart  for  symmetry, 
le  ptr*y  F,  as  shown  in  Fig.  15,  is  required  to  be  three  times  the  diameter 
ht  nvttt  this  diagooBl  pitch  acrosB  the  riYet-ipacing  most  be  a.25  in,  or 
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greater.    The  length  of  the  faoriaontal  or  third  ^e  oi  libe  H^-angfed  triam 
having  an  hypotenuse  of  2.25  in  and  a  vertical  altitude  of  1.5  in,  b  x.68 

which  leciMireB  that  this  dista 
E  D  C   B  A  ED,  etc.,  be  1.75  in.  if  measu 

j    !    j     I    !  in  multiples  of  ^  in. 

'  Floor-Beam    Connectio 

The  two  foUowing  exai&plec 
hi«trate  common  types  of  fl< 
beam  connections. 

Ezamiile  3.  It  is  required 
determine  the  number  of  § 
rivets  to  connect  a  lo-in  25^ 

Fig.  1«.    Rivet-spadnt  in  Cover-plate  '  ^^*™  supporting  24  000  H 

a  15-in  42.g-ib  I  beam,  usin 
shearing-stress  of  10  000  lb  per  sq  in  and  a  bearing-stress  of  1 8  00c 
per  sq  in. 

Solution.  From  the  table  of  properties  of  standard  I  beams,  pages  354—5 , 
thickness  of  the  web  of  the  lo-in  25.4-lb  beam  b  found  to  be  0.31  in,  say  ^ia 
and  of  the  15-in  42-Ib  beam,  041  in,  say  Me  in.  Referring  to  Table  III,  p 
419,  the  bearing  values  for  a  %-in  rivet  for  these  thicknesses  of  webs  are 
spectively  4  210  lb  and  5  890  lb.  The  shearing  value  of  the  rivet  is  4  42c 
The  rivets  in  the  xo-in  beam  are  in  double  shear;  hence  the  bearing  value  | 
ems.  The  number  of  rivets,  then,  is  12  000,  the  end-reaction,  divided  by  4  ; 
or  3.  For  the  15-in  beam  the  shearing  value  is  less,  and  the  number  of  ri' 
required  is  12  000  divided  by  4  420,  or  3.  Hence  two  standard  connect 
angles,  6  by  4  by  ^s  in  and  5  in  long,  may  be  used.  Each  has  three  holes  in 
leg  and  two  in  the  other.  The  leg  with  three  holes  is  placed  on  the  lo-in  bi 
with  the  rivets  in  double  shear,  and  the  leg  with  two  holes  is  connected  to 
15-in  beam;  thus,  in  the  latter  case  there  are  four  rivets  where  only  three 
required  for  strength.  They  are  driven  in  the  field  during  the  erection  of 
structure  and  the  working  stress  is  accordingly  made  less  in  most  specificat 
because  of  the  better  work  possible  with  the  heavy  machines  used  in  shop^iv 
than  with  the  tools  available  in  the  field. 

BTampi<»  4.  It  is  required  to  determine  the  number  of  94-in  rivets  i 
4  by  4  by  H-in  angle-bracket  attached  to  an  i8-in  54.7-tb  beam  and  supp 
ing  a  10  by  r2-in  wooden  beam  on  which  there  is  a  load  of  18  000  lb. 

Solution.  The  rivets  are  in  single  shear  with  a  shearing-resistance  of  4  42^ 
taken  from  Table  III.  The  thickness  of  the  web  of  the  Z  beam  is  Tie  in,  gr 
a  bearing  value  of  5  890  lb.  Dividing  9  000  lb,  the  end-reaction,  by  4  49( 
the  controlling  vahie,  we  find  that  two  rivets  are  insufficient.  The  bracket  1 
be  fastened  with  three  %-in  rivets  with  a  spacing  of  4  in.  Two  ^&-in  zi 
are  sufficient  to  hold  the  bracket. 

Rivets  in  Plate  Girdara.  The  methods  of  determining  the  rivets  in  \ 
and  box  girders  are  given  in  Chapter  XX. 

Banding  Straaa  In  Rivats.  While  the  bbnoino  strength  of  PK£fs  at 
joints  of  articulated  trusses  is  always  investigated,  tlus  is  never  done  in 
case  of  srvETS.  A  hot  rivet  properly  driven  i%  when  cold,,  uadec  a  tc 
stress  which  is  nearly  equal  to  the  elastic  limit  ol  the  material  This  a 
great  pnaaure  between  the  plates  and  a  consequent  fiictional  resistant 
movement,  which,  under  the  usual  conditions,  equals  the  allowed  sbearins*: 
on  the  rivet;  and  so^  antil  an  initiai,  sup  occurs,  there  can  be  no  bek 
grsKSSKt  in  the  sivet»    In  the  case  of  vecy  long  riv«U  driven  in  holes  ^ 
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Ir  s  an  imperfect  afinement  o!  the  plates  and  a  consequent  <fficulty  in 
■kog  the  rivets  fill  the  holes  completely,  it  is  not  probable  that  any  large 
miag  stresses  can  occur  in  the  rivets  of  a  structuie.  This  has  been  avoided 
II  lew  structures  for  which  long  taper  rivets  were  specified  to  be  used  in 
davsjMED  with  tapered  reamers,  thus  insuring  a  perfect  filling  of  the  holes. 

Vorftin^  Stresses.  Tables  II  and  HI  are  based  on  stresses  which  approx- 
Mt  tbose  used  in  the  best  practice.  Table  11  is  used  for  the  few  structures 
wk  d  WROUGHT  IRON  and  for  those  places  in  steel  structures  that  are  subject 
0  setae  conditions  of  service,  as  in  the  floor-systems  of  bridges.  Table  HI 
(sed  for  ordinary  structural  work  made  under  the  conditions  governing  in 
■dem  shop-practice.  For  comparison,  the  following  stresses  taken  from  the 
pedfiotions  of  Theodore  Cooper  for  Steel  Railroad  Bridges  and  Steel  Highway 
kidSBs  are  given: 


Spedfication  for 

1 ' ' 

Allowable  stresses  on  rivets,  lb  per  sq  in 

Bearing 

Shear 

Sted  railroad  bridges 
Stcd  highway  bridges 

15  000  (i2  000  on  floors) 
22  500  for  laterals 

z8  000  (14  400  on  floor- 
beams) 
27  000  for  laterals 

9  000  (7  2C0  on  floors) 
T3  500  for  laterals 

xo  000  (8  000  on  floor- 
beams) 
14  000  for  laterals 

Setts  driven  in  the  field  are  allowed  two-thirds  the  value  of  shop-driven  rivets. 


I.   Strength  of  Pint  in  TniMet* 

In  the  design  of  the  pins  at  the  joints  of  trusses  the  stresses  in 
K<ia,  BEAXDiG  7IXXXJRE  OT  BENDiso  must  be  investigated. 

The  Shearing-Force  at  any  section  of  the  pin  is  the  algebraic  sum  of  all 
K  forces  acting  on  the  pin  on  either  side  of  the  section.  The  stress  is  considered 
I  be  uniformly  distributed  over  the  cross-section  of  the  pin.  When  the  forces 
I  not  act  in  the  same  plane  they  must  be  resolved  into  vertical  and  horizontal 
■ipoamts  and  the  resultant  of  these  components  taken  as  the  shear  at  any 
EBred  section.  This  may  be  done  by  the  principles  of  graphic  statics,  or 
r  TSicosHncETXiCAi.  and  aix;ebraical  methods,  the  graphic  method  being, 
r  flOBc,  the  more  rapid. 

The  Beefing  Area  on  the  pin  is  taken  as  the  frojectxon  of  the  xiea  of 
KiACT,  the  area  of  this  projection  being  equal  to  the  diameter  of  the  pin 
Jtip^  by  the  thickness  of  the  plate.  The  bearing  is  assumed  to  be  uni- 
■dy  distributed;  hence  for  any  load  the  intensity  of  the  pressure  may  be 
by  increasing  the  thickness  of  the  plate  or  the  diameter  of  the  pin. 

ending  If omenis  on  the  pin  may  be  found  by  the  principle  of 
or  by  methods  involving  the  principles  of  graphic  statics  explained 
DC  in  fi«^'*g  the  bending  moments  of  beams.    The  forces  are  con- 
to  be  concentrated  at  the  middle  of  the  bearing-plates.    If  they  do  not 
a  plane  with  the  pin  tJbty  must  be  resolved  into  their  vertical  and  hori- 

fk  introduction  of  rolled-steel  shapes  and  riveted  Joists,  pin-Joints  for  trusses 
span  in  boHdings  have  fallen  into  disuse.    The  genera!  principles  of  their 
',  afe  given  oese. 
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zontal  components  and  these  component  forces  in  the  two  planes  treated  sep 
rately.  The  resultants  in  both  planes  at  any  section  may  be  combined  and 
single  resultant  force  acting  on  the  section  obtained,  and  also  the  consequei 
stresses  due  to  it. 


Table  V.    Shearing  and  Bearing  Values  of  Pins  for  One-Inch  Thickneas 

of  Plate,  in  Poxmda  per  Square  Inch 


Diam-- 
eterof 

Area  of 

Bearing 
value  at 

Single 
shear  7  5oqj 

Diam- 
eter of 

Area  of 

Bearing 
value  at* 

Sins^ 
shear  7  5< 

pin, 

pin, 

■ 

12  000  lb 

IbpersqinJ 

pin. 

pin. 

12  000  lb 

• 

Ibpersqu 

in 

sq  in 

per  sq  in. 
lb 

lb 

in 

sq  in 

per  sq  in, 
lb 

tons 

I 

0.78s 

12000 

5890 

4 

12.57 

48000 

47.0 

1% 

0.994 

I3SOO 

7  455 

4Vi 

13.36 

49500 

SO. I 

iVi 

1.227 

15  000 

9202 

4n 

14.19 

51  000 

S3  2 

1% 

1.48s 

16500 

II  132 

4% 

15.03 

52500 

56.3 

iVa 

1.767 

18000 

I3  2S2 

4H 

IS.90 

54  000 

59  6 

1% 

2.074 

19500 

15555 

4% 

16.80 

55  500 

63.0 

1% 

2.40s 

21  000 

18037 

4% 

17.72 

57000 

66.3 

1% 

2.760 

22S00 

20707 

4% 

18.67 

58500 

70.0 

2 

3.142 

24000 

23565 

5 

19-64 

60000 

73  6 

2% 

3.S47 

25500 

26600 

5^^ 

20.63 

61500 

77.3 

2V4 

3.976 

27000 

29820 

5V4 

21.65 

63000 

81.2 

2% 

4.430 

2SS03 

33225 

5% 

22.69 

64500 

85. 1 

2V3 

4.909 

30000 

36817 

5% 

23.76 

66000 

89.1 

2%   . 

5.412 

31500 

40590 

S^s 

24.8s 

67503 

93.2 

2% 

S.940 

33  000 

44  550 

S% 

25.97 

69000 

97.3 

2% 

6.492 

34500 

48690 
tons 

S^ 

27.11 

70500 

lOI.I 

3 

7.069 

36000 

26.S 

6 

28.27 

72000 

X06 

aVs 

7.670 

37SO0 

28.7 

6M 

29.46 

73  500 

no 

3V4 

8.296 

39000 

31.0 

6Vi 

30. 6S 

75000 

IIS 

3% 

8.946 

40500 

33  5 

6^8 

31.92 

76500 

119 

3% 

9.621 

42000 

36.0 

6% 

33  18 

78000 

124 

3% 

10.32 

43SOO 

38.7 

e^ 

34.47 

79  500 

129 

3% 

11.05 

4S003 

41.4 

6% 

35.79 

81  000 

134 

3% 

n.79 

46500 

44.2 

6Ts 

37.12 

82500 

U9 

In  the  Method  of  Moments  a  section  is  taken  at  each  force  in  success 
and  the  moment  of  the  forces  about  a  point  in  the  section  found,  due  consid 

ation  being  given  to  the  dii 
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tion  of  turning.  This  is  d( 
at  each  force  on  one  side  of 
pin«  if  the  bars  are  ainani 
symmetrically,  and  iii  both 
vertical  and  horizontal  plaj 
Inspection  of  the  results  ' 
usually  indicate  which  sed 
has  the  greatest  resultant  moment  when  the  horizontal  and  vert 
components,  H  and  V,  are  combined.  This  is  done  by  using  the  forn 
^  -  ^  +  P  since,  graphically,  the  resultant  iS  is  the  diagonal  of  ihe  CBctai 


Fig.  16.    Pin-joint 
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Bendiac  Moments  in  Xnch-Potmds  to  b«  Allowed 
Mailnnim  Fiber-Streeses  of  15  000,  30  000  and  aa  500 
Poands  per  Square  Indi 
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The  folkraniig  is  the  fonaula  for  flexure,  M^SI/c^  with  the  redactioni 
St  to  a  beam  of  dicular  section: 

M^Swdi/32  ^SAd/i 

a>  the  moment  of  forces  for  any  section  through  the  pin; 
a*  the  stress  per  sq  in  in  extreme  fibers  of  pin  at  that  section; 
SB  the  area  of  the  section; 
-s  the  diameter; 
—  3.X4159- 


ficHces  are  adorned  to  act  in  a  plane  passing  through  the  axis  of  the  pin. 
The  above  table  gives  the  values  of  M  for  different  diameters  of  pin,  and  for  three 
Jtaaot  S. 

9  the  mazimtim  value  of  if  is  known,  an  inspection  of  the  table  wilt  show  what  the 
of  the  pin  most  be  so  that  5  will  not  exceed  15  000,  20  000,  or  22  500  lb,  u 
of  the  case  may  be. 


•  S  and  F.     Example  6  illustrates  the  method  for  the  condition  of  inclines 
|KES  actixiK  on  the  pin.    In  Example  5  the  same  method  is  employed  to  deter- 
ne  oC  the  pin  in  a  simple  joint. 
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BiampU  5,  It  is  required  to  determiae  the  size  of  the  pin  for  the  joint  shoa 
in  Fig.  16  in  the  lower  chord  of  a  steel  truss.  The  middle  bar  b  a  vertical  si 
pension-rod  to  hold  the  chord  in  place. 

Solution.    Beginning  at  the  section  between  the  outer  bars,  the  algebr 
sum  of  the  forces  on  either  side  of  the  section  is  40000  lb,  hence  this  is  I 
shear.    At  the  section  next  to  the  suspender  the  sum  is  zero;  therefore  thi 
is  no  shear  at  the  middle  of  the  pin.    The  bearing  pressure  is  40  000  lb. 
intensity  depends  on  the  diameter  of  the  pin  and  the  thickness  of  the  bars, 
find  the  bending  moment  on  the  pin  the  forces  are  con^dered  concentrated 
the  middle  of  the  bars  and  moments  taken  about  sections  through  the  fore 
The  moment  at  the  section  through  the  second  bar  is  40  000  lb  X  i  in.  eqi 
to  40  000  in-lb.    If  moments  are  taken  about  a  point  between  the  inner  for 
the  same  result  is  obtained.    From  Table  VI  it  is  found  that  a  2%-in  pin 
20  ooo  lb  per  sq  in  is'suffident.    From  Table  V  the  bearing  value  of  a  2^4 
pin  is  found  to  be  only  33  ooo  lb  at  a  stress  of  12  ooo  lb  per  sq  in,  which  mal 
it  necessary  to  increase  the  size  of  the  pin  to  3%  in.    The  shearing  value 
this  pin  is  67  000  lb.    In  this  case  the  diameter  of  the  pin  is  determined 
the  bearing-stress,  but  it  is  necessary  to  investigate  the  other  stresses  to 
sure  of  the  correct  size,  especially  in  case  of  heavy  bearing-plates. 

Bending  Moments  on  Pins.  The  finding  of  the  be?tding  moment  due 
the  forces  acting  on  a  pin  is  usually  the  most  difficult  part  of  the  work  of  det 
mining  its  proper  size.  In  the  case  of  a  simple  pin,  properly  packed  and  Ijri 
in  the  plane  of  the  forces  acting  on  it,  the  greatest  moment  is  usually  the  po 
uct  obtained  by  multiplying  the  outer  force  by  the  centr^  distance  betvn 
the  outer  bars;  but  when  the  forces  act  in  several  planes  the  work  is  m< 
complicated.  The  graphical  method  illustrated  in  the  solution  of  the  t 
following  examples  has  some  advantages;  but  the  method  of  moments  apiil 
at  the  end  of  the  solution  of  the  first  example  is  equally  rapid  in  practi< 
hands  and  capable  of  greater  refinement  in  the  results. 

Bxample  6.  It  is  required  to  find  the  bending  moment  on  ^ne  pin  of  1 
joint,  one-half  of  which  is  shown  in  Fig.  17.  The  bars  are  each  i  in  thi 
the  channel  of  the  vertical  member  Vt  in  thick  and  the  center  o£  the  ban 
is  H  in  from  the  center  of  the  channel. 

Solution.  Since  the  joint  is  S3rmmetrical  it  is  necessary  to  construct  but  o 
half  of  the  force-diagram  and  equilibrium-polygon  which  really  apply 
the  joint.  From  the  conditions  of  equilibrium  of  forces,  the  vertical  cg 
ponent  of  the  inclined  force  is  upward,  and  equal  to  the  sum  of  the  downw; 
forces,  34  000  lb;  and  its  horizontal  component  acts  with  the  60  ooo-lb  foi 
to  the  amount  of  17  000  lb,  a  sufficient  amount  to  close  the  force-diagn 
The  following  construction  is  special,  in  that  but  one-half  of  the  entire  graphj 
diagram  is  shown.  This  is  made  possible  because  of  the  symmetry  of  the  joj 
the  bending  moment  being  constant  over  the  middle  of  the  pin. 

In  the  diagram  (Fig.  18)  i4B  Is  drawn  at  an  angle  of  45°  with  the  hoxizoai 
^nd  commencing  at  c,  the  distances  are  laid  off  to  scale  between  the  baxs,  1 
the  lines  1-2,  2-3,  etc.,  drawn  parallel  to  the  forces  they  represent  at  the  jd 
The  oblique  force  is  resolved  into  its  components  1-4  and  1-5. 

The  stress-diagram  (Fig.  19)  is  drawn  as  follows:  On  a  horizontal  line 
forces  are  laid  off  to  scale  in  the  order  they  occur  on  the  pin,  x-2,  2-3,  3-4 1 
4-1,  the  closing  of  the  diagram  being  a  check  on  the  correctness  of  the  valui 
the  forces.  Beginning  at  i,  1-5,  5-6  and  6-1  are  laid  off  to  scale,  parallel 
the  forces  in  the  vertical  plane.  From  i  the  line  i-o  is  drawn  at  an  angle 
45**,  for  convenience  in  making  good  intersections,  and  equal  to  a  conveni 
number,  say  20  000  lb,  in  the  same  scale  to  which  the  loads  are  drssm.    1 
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■t  0  ii  tbe  pole  of  tlie  streM^liacram,  the  pole-diitaace  btlag  to  aoo  tb. 
an  Ibe  pnadplo  of  K^spiuca  the  beading  moment  at  any  point  on  the  pin 
leiui  [0  the  inioixpt  between  the  piopei  ray  of  the  equilibriom-polygja 
i  Ac  doaat  Une^  multiplied  by  the  pole-diMaoce.  Tn  complete  tbe  Gpina, 
\  o-i  ud  0-4  we  drawn  fiom  O,  and  from  c  cd'a  drawn  parallel  to  o-i,  it 
■Id  tao-j,  tf  paialle!  to  0--4  and  fk  parallel  to  o-i.  In  the  aaxx  way 
i  fOMM  puallel  to  o~s,  il  to  0-6  and  ts  to  o-f .  Then  according  to  tbe 
Wc  pindples,  tbe  moment  at  any  aecdoa  due  to  the  forces  in  the  horizontal 
wt  B  imponiBnal  to  the  otdinate  at  Ibat  aaction  drawn  from  the  Hue  AB 
ilkiac  cdcPi  bounding  tbe  equilibrium-polygon:  and  the  moments  due  to 
■  folial  forces  an  piopoiticRud  to  tbe  ordinatcs  drawn  to  the  Une  ritv.  the 
Mriol  >alue  bdn(  the  length  of  tbe  ordioate  timea  »  000,  the  pole-diitancx. 


Be  bcth  mcnients  are  present,  tbe  resultant  or  true  momoit  ia  proportional 
it  tgrpotcnuw  of  the  right-angled  triangle  having  for  its  sides  the  onUnates 
hctm  phiics  at  the  point  in  question.  At  X  this  is  shown  by  tbe  line  itm. 
iBcaian  1.41  in,  and  bejog  tbe  longest  diagonal  or  hypotenuse  that  can 
knn  in  tbe  figure,  it  follows  that  the  mariaium  bending  moment  on  tbe 
■h  143  X  30  000  '■  48  400  in-lb. 

h  iad  the  effect  of  dunging  the  arrangement  of  the  members  on  the  pin, 
IV  be  aMmncd  that  tbe  indiDed  liai  is  placed  outside  tbe  iniMr  chord-bar. 
tknmatal  strev-dingram  then  becomes  i-j,  1-3,  3-4',  4'-!.  The  equilib- 
kfolnDns  become  dtj'k'  and  r'lYu,  as  shown  in  Fig.  20.  In  these  polygons 
havM  ifiagOBal  meamret  3K  in,  which  gives  a  bending  moment  of  jH 
■0  coo  !b  ■•  75  000  in-lb.  sboiring  that  tbe  irrangemBat  of  the  eye-bars  in 
yO  *  bettd.    Ac  a  lule  the  bending  moment  is  less  iriien  thoae  (orces  that 
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oppose  each  other  are  placed  together.    It  may  be  hixthcr  reduced  1^  ma 
the  outside  bar  one-half  the  thirknewt  of  the  main  horiaontal  bars. 

To  check  by  the  method  op  moments  the  value  of  the  mazmium  bd 
moment  obtained  by  the  graphic  method  for  the'  first  arrangement,  tiie 
ments  of  the  forces  in  the  horizontal  plane  are  taken  about  r.    This  gives 

Mh  -■  38  500  lb  X  3.0  in  +  38  500  lb  X  1.0  in  —  60  000  lb  X  2^  in 
M  34  000  in-lb, 

which  is  the  value  of  the  moment  in  the  horizontal  plane  aarass  the  midd 
the  pin. 
In  the  vertical  plane  moments  are  taken  about  a  point  t,  giving 

Mv  ^  34  000  lb  X  1.5  in  —  22  000  lb  X  0.75  in 
■■  34  500  in-lb 

From  these  component  moments  the  resultant  tnaTimnm  bending  momeiU 

M  -  V34  ooo»  -f  34  500*  -s  48  400  in-Ib 

>  Example  7-    Another  illustration  of  the  graphical  method  of  fii*^!^ 
bending  moment  on  a  pin  is  given  for  the  joint  A  of  the  truss-diagram  shoi 


Fig.  22 


Figs.  21  to  24.    Force-polygons  and  Equflibrium-polygoas  for  Bending  Momfmi 

a  Pin 


Fig.  21.    Fig.  22  shows  the  arrangement  and  size  of  the  members.     Tbefi 
given  in  Fig.  21  are  for  one-half  the  number  of  members  at  the  joiut. 
Example  6,  the  symmetricil  arrangement  makes  it  unnecessary  to  dim 
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i  me^Blf  of  the  force-polygon  and  equilibriiim^poiygoa.    The  web  of  the 
■d  is  reixiforced  to  make  it  %  in  thick. 


The  Gne  AB  (Fig.  24)  is  drawn  at  an  angle  of  45**  and  ak,  etc.,  are 
l«ff  toscale,  equal  to  the  distances  between  the  members.  At  each  point 
fplkatioD  of  a  force  a  line  is  drawn  parallel  and  to  scale,  to  represent  that 
a  The  indiBed  forces  are  then -resolved  into  then:  horizontal  and  vertical 
IpooBits.  The  force-dia^EFam  (-Fig.  23)  is  then  drawn^  the  horizontal  forces 
II  hid  off  to  scale  in  the  order  in'  which  they  occur,  1-3,  2-3,  3-4  and  4-1. 
{pok-distance  is  then  laid  off  at  an  angle  of  45^  and  equal  to  20  000  lb  to 
ami  scale  of  forces.  The  pole  o  is  then  joined  with  2,  3,  4  and  i.  Then 
^lA^abh  drawn  parallel  to  0-2,  be  to  0-3,  cd  to  0-4  and  <U  to  o-i.  _  In 
Bae  way  the  Gne  hjkB  is  drawn.  From  inspection  it  is  seen  that  kb  is  the 
pt,  intercept,  even  k>nger  than  any  diagonal  that  may  be  drawn  from  the 
laities  of  the  horizontal  and  vertical  intercepts  at  any  point  along  AB. 
Ik  suae  scale  that  makes  o-i  represent  20  000  lb,  hb  represents  31  800  in-lb^ 
itfxe  the  bending  moment  on  the  pin  is  31  800  in-lb.  In  Table  VI  a  pin 
h  is  diameter,  at  a  fiber-stress  of  20  000  lb  per  sq  in,  has  an  allowable 
tut  of  35  500  in-Ib,  and  in  Table  V  a  bearing  value  on  i  in  of  31  500  lb. 
■te  of  31  800  lb  <Ki  ^4  in  is  equal  to  42  400  for  a  i-in  bar;  so  it  is  necessary 
m  a  brger  pin  to  acoonunodate  the  bearing  requirement.  From  Table  V 
b  jk  in  in  diameter  is  found  to  be  necessary.  The  shearing  value  of  this 
ii  72  000  lb  more  than  twice  the  load,  so,  again,  it  is  the  bearing  that  con- 
I  the  siae  of  the  pin.  If  the  thickness  of  the  bars  is  increased  the  diameter 
he  pn  may  be  reduced  to  3  in. 

I.  Strength  of  Bolts  in  Wooden  Tmases  nnd  Girders 

^  Working  Stresses  for  Bolts  on  which  Table  VII  and  Table  Vm  are 
Vted  axe  based  on  a  factor  of  safety  of  five  applied  to  the  average  of 
9  tests  on  dry  timber.  In  some  specifications  it  is  permitted  to  increase  the 
WBG  PBESSUKE  between  timber  and  bolts  as  much  as  50%  above  that  per* 
M  for  short  struts.  The  values  in  the  tables  are  somewhat  less  than  the 
I  oa  bige  trusses  made  at  the  Massachusetts  Institute  of  Technology,  in 
Iwculd  indicate  as  safe  values.  These  were  reported  in  the  Engineering 
|vd,  Xovember  17,  1900.  Table  DC  gives  the  allowable  maximum  tension, 
hand  bending  moments  for  wrought-iron  and  steel  bolts. 

pdi  of  Stress  in  Bolts.  Bolts  in  wooden  trusses  are  subject  to  the 
t  kinds  of  stress  as  the  rivets  and  pins  in  steel  structures.  When  the 
b  joiaed  are  less  than  2  in  thick  and  the  bolts  are  tightly  drawn  up  so  as 
hnhp  considerable  frictional  resistance  between  the  pieces,  the  bolts  are 
^BrtiGoed  to  resist  the  total  force  in  shear  and  in  bearing.  When  the 
B  SR  mote  than  2  in  thick  the  bending  is  taken  into  account  and  the  bolts 
i  be  investigated  for  stresses  in  shear,  in  bearing  and  in  bending.  The 
^isasomed  to  be  uniformly  distributed  over  the  cross-section  of  the  bolt, 
He  bearing  area  is  the  area  of  the  projection  of  the  bolt  on  the  timber, 
k  aaea  b  equal  to  the  diameter  of  the  bolt  multiplied  by  the  length  in  con- 
i  The  BKAKC9G  strength  is  given  as  a  property  of  the  bolt  although  its 
p4Bpea^  vpon  the  crushing  strength  of  the  timber.  The  bending  ifo* 
ktt  the  bolt  is  found  in  the  same  manner  as  for  pins  in  steel  trusses, 
the  cases  are  usually  less  oompUcated. 

of  die  Use  of  Bolts.    The  principles  involved  in  the  use  of 
wooden  trusses  and  girders  and  in  the  use  of  the  tables  may  be  best 
by  the  solution  of  examples  in  each  of  the  following  cases: 
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(i)  Bolts  in  tie-beams,  thin  pieces. 

(2)  Bolts  in  girders  to  support  brackets. 

(3)  Bolts  as  pins  in  the  joints  of  trusses. 

(4)  Bolt-and-strap  joints  in  trusses^ 

Cs)  Bolts  under  tension  to  hold  the  foot  of  a  rafter. 

(See,  alsot  "  Joints  in  Wooden  Trusses,''  Chapter  XXVUI,  pages  Z149  to  : 

Case  X.  Bolts  in  Tie-Beams,  Thin  Pieces.  He-beams  of  wooden  tn 
when  longer  than  30  ft,  are  usually  made  up  of  a  number  of  pieces.  Tbis 
struction  is  cheaper  than  the  use  of  a  single  stick.  Two-inch  planks  b 
together  are  generally  used.  The  location  of  the  joints  in  the  courses  of  p 
and  the  number  and  sise  of  the  bolts  are  the  special  considerations  in  tbe  d 
of  such  a  joint.  In  general,  the  joints  in  adjacent  courses  are  placed  a 
apart  as  possible  and  not  more  than  two  joints  are  placed  opposite  each 
in  the  same  section.  The  simplest  case  is  that  of  a  plain  f  ish-plate  joik 
a  common  butt-joint  with  two  cover-plates  as  shown  in  Fig.  12.  The  nu 
of  BOLTS  for  such  a  joint  is  found  in  the  same  way  as  the  number  of  sive 
steel  tie-bars.  The  bolts  must  be  spaced  as  required  in  the  second  column  1 
each  timber  In  Table  VII,  to  provide  against  shearing  in  front  of  the  bolt. 


Table  Vn.*    Safe  Bearing  Valoe  of  Bolts  per  Inch  of  Length  Pnndlel 
the  Grain  In  Timber  and  IMstance  from  Center  to  Center  of 

or  to  End  of  Timber 
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AVt 

82s 

5^4 

900 

4U 

X  050 

% 

X  225 

5 

960 

5^4 

1050 

5 

X  225 

I 

1400 

5% 

1 100 

m 

ISOO 

5^ 

X  400 

iH 

IS7S 

&A 

1237 

7% 

1350 

6^ 

I  $75 

iM 

1750 

1 

1375 

8 

X  5D0 

7 

I  750 

iH 

192s 

7% 

I  513 

9„ 

Z650 

7% 

X  935 

i^^ 

2  100 

m 

1650 

9% 

1800 

8^ 

2  XOO 

1% 

2450 

10 

1925 

11% 

1950 

9^4 

a  450 

a 

2800 

11% 

2200 

13 

2400 

"1 

2800 

2V4 

3150 

12% 

2  475 

14% 

2700 

3  X50 

2% 

3500 

14V4 

2750 

i&A 

3000 

14 

3500 

3>I4 

3850 

15^ 

302s 

x8 

3300 

I5V4 

3850 

3 

4200 

17 

3300 

19 

3600 

17 

4  aoo 

The  distsBce  from  the  end  \&  equal  to  the  diameter  of  the  bolt  plus  €&e 
tmct  the  sacAR  is  eqaal  to  tite  MAaxNe  valce  of  the  boll  agaiost 
Notes  with  Table  XVI,  Chapter  XVI»  ioc  tncteasc  ift  ailoved  stranaa. 

*  When  the  effect  of  tlK  inclined  surfaces  npoa  tbe  unit  ttiuites  la  tafaun 
the  fonmiltt  tor  the  normal  inteasity  oC  stress  for  cylindrical  pins  or  b^lts, 
XXVIII,  page  1x38,  may  be  used.    This  formula  will  give  lower  valui 
Table  VIL 


into  I 
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klli^nn.^    SflfeB«ui]« 


Valva  «l  Bolts  p0f  laeh  of  LmtJOi 
Gxvia  in  Timber 


tht 


dboh. 

Lons-leaf 
ydlowpine, 

lb 

Sbort-leaf 
yellow  pine 
and  Douglas 
Iv.  lb 

White  pine, 
lb 

White  oak, 

lb 

n 

262 

187 

ISO 

375 

-/• 

ao6 

2x8 

I7S 

437 

I 

3SO 

250 

200 

500 

iH 

394 

281 

225 

562 

lU 

437 

312 

250 

625 

A 

48a 

343 

275 

687 

1*4 

52s 

375 

300 

7SO 

i*i 

6L2 

4J7 

330 

87s 

s 

1 

700 

500 

400 

xooo 

'mtix. 


AUownUe  Teaden,  Shenr  •a4 
Wf  onchMnn  mtA  Stoel  Bote 


BondlBS  jCfMMBt  wt 


Wrought  iron 


►rot 

Bfc, 
IB 


I 


Xet 


sq  in 


t 

A 

A 

Ik 

I 

hi 

K 
K 


0.302 

0.420 

0.S5O 
C.694 

0.S93 
1.QS7 
1-2^ 

X.746 

3  003 

3-719 
4.620 
S.428 
6.SI0 


•  t 


!l 


Tension 
at  12  000 

lb  per 

sq  in, 

lb 


3620 

S040 

6600 

8328 

X0716 

u6Bo 

1SS40 

20930 

27  620 

36280 

44630 

55430 

65  X40 

78  120 


Shear 

at  7500 

lb  per 

sqin, 

lb 


3310 

4510 

S890 

7460 

9200 

XI 140 

13250 

18040 

23560 

29820 

36  Sao 

44  550 

53010 

62  220 


Bending 

moment 

at  15  000 

lb  per 

sq  in, 

in-lb 


620 

980 

1470 

2  100 

2880 

38i30 
4^0 

7890 
iifloo 
x6  8oo 
23000 
30600 
39800 
50600 


St4><>l 

Tension 

1 

Shear 

at  16000 

at  10  000 

lb  per 

lb  per 

sq  m, 

sq  m, 

lb 

lb 

4830 

4420 

6720 

6010 

8800 

7850 

XI  xoo 

9940 

14290 

X2270 

X69IO 

14  850 

20720 

17670 

27910 

24050 

36830 

31420 

48370 

39760 

59510 

49090 

73910 

59400 

86850 

70690 

T04  160 

82960 

Bending 

moment 

at  20000 

lb  per 

sq  in, 

in-lb 

830 

X310 

X  960 

2800 

3830 

5  100 

6630 

X0500 

15700 

22400 

30700 

40800 

53000 

67400 


8.  A  typical  tie-beam  used  as  a  lower  chord  of  a  Howe  truss  u 
Bin  Fi&  25.  It  is  50  ft  long,  of  Douglas  fir  and  subject  to  the  tensioa  ii 
iinuil  paneb  shown  in  the  figure. 

liiH.  The  rWrknwi^  of  the  pbnk  is  drawn  out  of  scale  in  the  figuretc 
r  Ae  i«nts  Bdoce  dearly.  The  black  circles  show  the  vertical  tension-rods, 
k  s>  nen^  cot  tbe  middle  plank  in  two  that  it  b  not  considered  a  part  oj 

esaenfcer.    The  axxangemcnt  a£  the  planks  and  the  lengths  to  b« 
be  dftfimiiird  for  each  case.    la  the  one  shown  there  is  but  one 
Ib  the  middle  panels  where  thcrs  is  the  greatest  tension.    The  distance 
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XV  is  X3  ft,  which  is  about  as  small  as  will  serve  for  the  transfer  of  the  tm 
from  i4'  to  B.    In  this  beam  the  two  outer  planks,  A  and  A\  must  be 
enough  to  resist  the  whole  tensle  stress  in  the  middle  panels  because  o 
joints  in  B  and  C.    At  the  inner  end  of  the  second  panel  there  b  58  o 
tension  which  must  be  carried  to  the  end  of  the  first  panel.    Becauae  o 
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Fig.  25.    Plan  of  Built-up  Tie-beam 

joints  in  A  and  A*  this  must  be  transmitted  to  B  and  C  in  order  to  pai 
point  X, 

Assmning  that  29  000  lb,  one-half  the  tension,  is  carried  on  plank  A 
transmitted  to  C  by  the  shear  and  bearing  on  the  bolts,  and  dividliig  tj 
7  850  lb,  the  allowable  shear  on  a  i -in  bolt,  four  bolts  are  found  to  be  neoe^ 
But  the  bearing  value  of  a  i-in  boh  in  Douglas  fir  2  in  thick,  is  only  2  4) 
which  makes  twelve  bolts  necessary.  These  are  required  in  the  distajia 
12  ft. 

From  the  distances  in  Table  VII,  it  is  found  that  the  end-bolts  must  be 
from  the  ends  of  the  planks,  say  6  in;  this  leaves  11  ft,  in  which  distance 
bolts  are  to  be  arranged.    If  four  bolts  are  placed  la  purs,  two  at  each  e 


6^ 


14% 


'/_ 


I 


iW- 


i 


Fig.  20.    Elevation  of  Beam  Oi^XMite  X  of  Fig.  25 

shown  in  Fig.  26,  the  intermediate  spaces  are  14H  in.  The  bolts  bind  the 
together  better  if  they  are  staggered,  as  indicated  in  Fig.  26,  and  not  pla 
the  middle  line. 

The  number  of  bolts  mentioned  is  sufficient  to  make  the  splice,  but 
should  be  bolts  in  the  distance  YY',  and  between  the  ends  and  X  and 
bind  the  planks  together.  These  need  not  be  as  large  or  as  close  toget 
the  others;  ?4-in  bolts  spaced  2  ft  are  sufficient.  There  should  be  tw< 
at  the  end  of  the  beam.  Each  bolt  should  be  driven  through  a  hole  of  thi 
size  as  the  bolt  and  the  nuts  should  be  screwed  up  tight. 

Case  n.  Bolts  in  Girders  to  Support  Brackets.  The  construction 
in  Figs.  27  and  28  is  commonly  used  in  cases  in  which  the  requiremeats 
allow  the  girder  to  project  its  full  depth  below  the  joists.  The  bolts  sfai 
Fig.  27  must  be  investigated  for  bearing  and  shear,  and  those  sho^wn  in  1 
for  BEARING,  SHEAR  and  BENDING.  In  either  case  the  shbauno  vajlttk  of  i 
in  single  shear  must  equal  or  be  greater  than  the  greater  of  the  forces  S  o 

The  BEARING  per  inch  on  the  wood  of  the  girder,  when  £  is  in  i»M*K.p^^  | 

(5+50/5 
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timber  lued. 


nn  be  kept  iritluo  the  values  glvan  in  TaUa  VII  for 

K  case  ibawa  ia  Fig.  28  the  BsntiNO  uombki  in  pouDd'iDCbe*  ii 

a  a  the  biirr.    B  and  L  aie  mcasund  is  inche*  and  S  in  [ii>iuids. 


r 

1 

^rz^B-f,- 

-9—< 

jidM.     BolwS 

Ldi  on.  Ginlai 

^^Bfli^  For  the  cotutniction  shown  in  t1|(.  27  it  [j  required  to  determine 
■^Mba  and  M>e  rA  bolti,  tlie  Douglu  fir  girder  being  S  by  14  in,  with  a 
Md  14  h,  aod  the  Doagtas  fir  jatals  3  by  11  in,  with  a  span  of  10  ft,  center  to 
■k  o(  (iitlen.  The  float-load,  ioduding  the  floor,  ij  So  lb  per  sq  It.  The 
Ifa  «e  4  by  3tt  by  ?i  in. 

MtfH.  The  flwr-arei  supported  by  tlu  siid^r  is  14  by  10  ft.  A[  Es  lb 
(qfl.  tlK  load  is  14  X  >n  X  63-  16  Sao  lb.    The  load  S,  oa  one  side,  is, 


IVnbi 


h  bolt  Itas  a  shearing-value  of  4  41a  lb.     Hence  two  bolts  are  necessary 
'■tay  the  sbeating  condition.    The  beariag  value  of  the  bolt  ia  the  wooi 
■B  the  grain,  i^  from  Table  VIII,  1S7  lb  per  inch  of  length,  or  1  496  lb  f  jr 
kiiihb  of  the  ginlcT.    The  numbn'  of  bolts  required,  then,  ia  iG  Soo  cfivideJ 
[i  4j6  oc  ■ppcDiima.tely  1 1,  wliich  gives  a  spidog  of  about  1 3  in. 
■■■fla  to.     In  the  coustmction  shown  ia  Fig.  28,  tbe  ^rder  is  6  by  14  in,  <rf 
Rfai6taadhasaspaa<rf  11  ft.    Tbe  jmstsare  1  by  12  in  and  have  an  iS-ft 
m,  enter  to  center  of  girders.    The  aoor-load  is  6j  lb  per  sq  ft.    There  are 
)f*\a  strips  on  the  sides  of  the  girder.    The  distance  L'lii^a.    It  ia  required 
^Wl  the  number  and  size  of  bolt^  to  be  u»ed. 
HiAb.    The  total  load  on  the  ^rdei  is 
I  iiX  iSx6j-  140400) 

5-TojoIb    ■ 
^  bevint  load  per  inch  of  thickness  of  the  girder  is 

;  !l|i2.,34oib 

fe  bcodmc  momeat  on  one  dde  of  the  girder  it 

■He  fans  S  acts  at  tbe  ceoter  of  ptomre  o&  dke  bracket-strip,  iM  in  from 

Mcfrf  tbeginki. 

■bAoi  11  7  o>o  U^  which  ccqviics  two  M-in  steel  bolts  at  4  «» lb  foe  one 

■Mha  Table  DC 

Bbeaai«  (Table  Vm)  oD  af{-ia  boh  is  187  lb  per  inch  of  length;  tiiecefoto 

=^es  thirteen  bolts  for  bearing. 
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The  ailowBble  bending  moment  on  a  %-in  steel  bolt  is  830  ia-lb,  from  Table 
To  take  care  of  the  10  530  in-lb  requires  thirteen  bolts.  A  %-in  steel  bolt 
an  allowable  bending  moment  ot  i  310  Ib-in,  making  eight  of  them  suffici< 
The  3  by  4-in  pieces  may  be  held  in  place  by  thirteen  94 -in  bolts  spaced  t. 
on  centers,  if  two  of  them  are  placed  6  in  from  the  ends. 

Case  m.    Bolts  as  Pins  in  the  Joints  of  Trusses.    For    ties 

snuTs  joined  by  bolts  in 
manner  indicated  in  Figs. 
30  and  31   and  having 

the  diameter  of  the  bdl 
the  number  of  bolts  mus 
computed  for  shearing^  bi 
ING  and  f  LBXvaE. 

For  any  of  these  joints 
forces  are  as  follows: 

The  single  shear  «  S/i 

On  the  sections  betweti 
and  B'  (Fig.  30) 

The  bearing  on  the  pnj 
inch  of  length  *  S/B  or  ^ 

The  greater  is  to  be  used. 
The  bending  moment  •■  Si 

on  the  assumption  of  a  cov 
uous  BEAU,  uniformly  loi 
If  there  are  more  bolts 
one,  the  quantities    obti 


ELEVATION 


PLAN 
Fig.  30.    Bolt  through  Rafter  and  Tie-beam 


by  the  above  formulas  are  to  be  divided  by  the  number  of  t>oIts  to  find  the 
to  be  taken  care  of  by  one  bolt. 
In  Fig.  29,  S  is  the  horiaontal  component  of  the  thrust  T. 

Examiile  zi.    It  is  required  to  determine  the  diameter  of  a  bolt  for  a 
like  that  shown  in  Fig.  29.    The 
rafter  is  6  by  10  in,  of  Douglas 

fir,  the  tie-beams  3  by  10  in,  of     

the  same  material,  the  thrust  in    \  * 


C^ 


33 


F~^ 


-fH 


VjS  .J»- 


I  • 


B' 


-r- 
I 


1 


a- 


B' 


Fig.  30.    Bolt  in  Wooden 


the  rafter  30  000  lb,  and  its  incli- 
nation 30**. 

Solution.  The  horizontal  com- 
ponent of  30  000  lb  at  30°  is  pracr 
tically  26  000  lb.  Then  5-36  000 
lb  and  the  shear  >  13  000  lb. 
B  -  6  in  and  L  ■■  9  in. 

Bearing  per  inch  of  length  on  the  bolt  -  a6  000/6  -  4  333  lb 
Bending  moment «  26  000  X  9/12  *  x9  500  in-lb 

In  Table  DC,  a  z%-in  steel  bolt  is  found  to  be  necessaiy  to  resist  a  sUm 
13  000  lb,  and  a  2U-'m  bolt  for  a  bending  moment  of  19  500  in4b.  Xo  ; 
4  333  lb  end*bearing  pressure  on  z  in  a  larger  bolt  is  requited  than  is  gn 
Table  VII.  Dividing  4  333  by  z  200,  the  allowable  bearing  on  Dou^laiH 
3%4a  bolt  is  found  to  be  necessary.  This  is  larger  than  it  is  desLraUeS 
so  the  joint  must  be  redesigned  with  a  view  to  redisce  the  beaxins  pi 
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I  bok.    If  an  8  by  8-in  strut  and  4  by  S-in  tie-beaiiis  are  vatd,  B  becomei 
BudLx2in.    This  gives 

BeuioK  pressure  -  26  000/8  »  3  350  lb  per  inch  of  length  of  the  bolt 
BcQffinc  moment "  26  000  X  12/12  »  26  000  in^lb 

e  total  diear  at  the  section  on  one  ade  of  the  strut  is  the  same  as  before. 
Heddi  Table  VII  it  is  found  that  a  294-in  bolt  is  large  enough  to  provide  for 
iboxing  and  that  a  sH-in  bolt  is  sufficient  for  the  bending  as  given  in  Table 
I  Hence  if  an  8  by  8-in  strut  is  used,  there  must  be  a  29i-in  bolt  and 
ttfistance  D  must  be  isM  in  (Table 

"•  */.  '^ B'T!  >  -^    ' 

bnfltxa.  For  the  same  construe-  I   '  [  i  g   ^;  |       '         ^  i 

bum  Fig.  29  and  the  same  con-     «  , I  .t   1 1  .    ■  } ' 


^_  as  in  the  first  part  of  Example  *'»  ^*  ^         i  ?' j '  ^  "tj?        * 

',k  is  required  to  determine  the  size  ^   ]  j  B   j.!  {       0         » 

the  bolts  when  it  is  necessary  to  Vs*  i       -»  B'! '  "  ^        i 

ettee.  '    ' — I  *v   tar    t 

Mate.     The  shear,  bearing;  and  l^-D- --0^-^-0-*} 

•fiag  moment  are  the  same  as  in  Fig.  81.    Bolts  in  Wooden  Tie-beam 
iz,  but  because  there  are 


tt  bolts  each  quantity  is  divided  by  3  to  detdmine  the  force  resisted  by 

A. 

Shear  *  13  000/3  "*  4  333  ^  and  requires  a  9i-m  steel  bolt  (Table  IX) 
loriDg  -  4  ss3/s  ~  z  444  Ih  and  requires  a  lU-in  bolt  (Table  VII) 
leading  moment  —  19  500/3  ^  6  500  in-Ib,  and  requires  a  i^-in  steel  bolt 

OfelX). 

^  this  case  the  bending  moment  determines  the  size  of  the  bolts,  which  may 
as  shown  by  the  dotted  drdea  in  Fig.  29. 

13.  It  is  required  to  determine  the  diameter  of  the  boh  for  the 
■ttiKtioQ  shown  in  Fig.  30,  in  which  the  inner  beam  is  of  Douglas  fir  and 
gr  S  in  in  section,  and  the  outer  beams  3  by  8  in,  the  tension  being  24  000  lb. 

hitfon.  5  «■  24  000;    ^  «  6  in;    £  «  9  in. 

Sii^  shear  on  the  bolt «  24  000/2  «  12  000  lb 
Bcaring-ptessure  per  inch  of  length  of  bolt  -  24  000/6  i-  4  000  lb 
^'^"^'"g  moment  *  24  000  X  9/12  *  18  000  in-lb 

\om  Table  IX  a  iM-in  steel  bolt  is  found  sufficient  to  renst  the  shear,  and 
^•ia  bc^t  large  enough  to  resist  the  bending.  In  Table  VII  the  largest  bolt 
■dcied,  3  in,  is  too  small  in  bearing  value.  Dividing  the  load  to  be  resisted 
X  200  gives  3H  in,  as  the  diameter  necessary  to  resist  the  bearing.  The 
D  must  be  4  000/(2  X  130)  +  sH  in  or  i89i  in. 

14.  If  two  bolts  are  used,  one  behind  the  other,  it  is  required  to 
the  diameter  of  the  bolt  that  should  be  used,  the  conditions  and 

log  being  the  same  as  in  Example  13. 

tfalian.    Dividing  the  quantities  obtained  in  Example  13  by  2, 

Sing^  shear  -  6  000  lb  and  requires  a  "Mil  steel  bolt 
Bearing  «  2  000  lb  and  requires  a  2-in  bolt 
'       Boxfing  moment  ■«  9  000  in-Ib  and  requires  a  i^-in  steel  bolt 

pallowable  bearing  on  a  i^i-in  bolt  is  (2V^  %)  less  than  the  required  amount, 
mt  in  general,  since  the  other  requirements  are  more  than  satisfied,  the 
b  bolt  wDold  be  used.  For  the  i%-in  boh,  the  distance  D  is  9M  in.  The 
Bbctweea  the  bolts  may  be  increased  someindiat  beyond  the  vahie  given  in 
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Table  VH,  and  they  may  be  located  out  of  the  same  line  as  a  further  pi 
tioQ  against  splitting. 

Case  IV.    BoltHuid-Strap  Jolntt  in  Tniates.    The  construction 
Fig.  32  is  sometimes  used  to  connect  the  foot  of  the  rafter  of  a  wooden 
to  the  tie-beam.    When  the  distance  D  is  sufficient  to  resist  the  shear  i 
the  thrust  of  the  rafter,  the  strap  is  of  value  only  in  holding  the  rafter  in 
and  there  arc  no  greater  pressures  brought  upon  the  bolt.    When  it  is 
sible  to  make  D  the  necessary  length,  the  bolt  and  strap  must  be 
to  resist  the  full  force  in  the  direction  of  the  strap.  j 

As  the  strap  is  usually  not  more  than  from  V2  to  %  in  thick,  its  ^ 
b  such  that   the  bearing   between  it  and   the   rafter   is  small    comp 

-^  with  that  between  the  bolt  ^ 
rafter.  The  forces  acting  on  the  1 
are   the  only  ones   that   need 

sideration.    These  are: 

> 

Single  shear  -  5/2  —  the 
sion  in  the  strap  on  one  side 

Bearing  pressure  per  ind 
length  -  S/B,  where  B  is  the  w 
of  the  tie-beam  in  inches 

Bearing  pressure  per  ind 
length  between  strap  and  bolt  ^  t 


To  find  the  value  of  5,  the  f( 
polygon  is  drawn  as  shown  at  the  1 

Fi«.  32.    Strap  and  Bolt  at  Foot  of  Rafter     »«i  fig.  32.     T  is  drawn  paraUel  U 

rafter  and  with  a  length,  to  a 
venient  scale,  equal  to  the  thrust.  From  the  end  a  an  indefinite  line  is  dx 
parallel  to  the  axis  of  the  strap,  and  from  h  another  line  perpendicular  to 
seat  of  the  rafter.  These  intersect  at  c,  so  that  ac^  measured  by  the  s 
scale  used  in  laying  off  T,  is  the  magnitude  of  the  force  5  in  the  strap.  II 
rafter  rests  on  top  of  the  beam,  he  is  vertical,  but  if  the  tie-beam  is  <lappe< 
shown  by  the  dotted  line,  the  line  from  h  is  drawn  perpendicular  to  the  bo( 
of  the  notch,  making  the  intersection  at  c\  It  is  seen  that  notching  the 
beam  in  this  way  increases  the  stress  in  the  strap. 

Example  15-  It  is  required  to  determine  the  size  of  a  strap  and  pin 
to  hold  the  rafter  without  notching  into  the  tie-beam  of  a  long-leaf  yellow- 
king-post  truss.  The  rafter  is  6  by  6  in,  is  inclined  at  an  angle  of  45**  ai 
under  a  compressive  stress  of  18  000  lb.    The  tie-beam  is  6  by  8  in  in  sectic 

Solution.  Since  the  inclination  is  45^,  a  consideration  of  the  force-poI: 
in  Fig.  32  shows  ab  equal  to  oc,  so  that 

The  force  5  -  the  thrust  T  -  x8  000  lb 
Single  shear  on  bolt »  iS  000/2  -  9  000  lb 
Tension  in  strap  on  one  side  -  9  000  lb 

Bearing  pressure  per  inch  of  bolt  against  wood  ■■  18  000/6  «  3  000 1 
Bearing  pressure  in  pounds  p>er  inch  between  strap  and  bolt  «■  9  ooi 
in  which  /  equals  the  thickness  of  the  strap. 

The  allowable  pressure  between  the  strap  and  the  top  of  the  rafter  is  3^ 
per  sq  in  (Table  VII),  which,  on  the  6-in  rafter,  gives 

Allowable  load  per  inch  of  width  of  strap  -■  6  X  350  -  2  100  lb 

The  strap  then  must  be  id  000/2  100  or  8.6  in  wide.  At  10  000  per  1 
in  tension  tiie  necessary  section  of  the  strap  is  0.9  sq  in,  reqidring  a  thickm 
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Mai  in,  a  sufficient  thickness  if  the  strap  were  strong  enough  to  ^kivelap  a 
nm  iMcssure  over  the  rafter.  It  is  not  good  practice,  however,  to  use  such 
t  watfrial,  because  of  the  danger  of  loss  of  strength  due  to  corrosion.  No 
hi  ks  than  %  in  thick  shouki  be  used  in  such  places. 
Ik  bearing-pvessure  per  inch,  between  the  strap  and  the  bolt,  for  a  9^in 
9«  9  ooa/%  >-  24  000  lb 

lie  bolt,  then,  must  take  a  single  shear  of  9  000  lb,  a  bearing  presmre  of 
l>  h  against  the  wood  for  each  inch  of  length,  and  a  bearing  of  24  000  lb 
■di  of  leagth  against  the  strap.  From  Table  IX  a  i^-in  steel  bolt  is 
^oent  to  resist  the  shear,  from  Table  V  a  2>in  bolt  ts  large  enough  to  resist 
ileuing  from  the  straps  and  from  Table  VII  a  2)44n  bolt  is  found  necessary 
East  the  3  ooo-lb  bearing  from  the  wood  per  inch  of  length  of  bolt.  This 
Ib  the  2%-in  bolt  satisfactory  for  the  joint. 

k  presnxre  Irotn  the  bolt  to  the  wood,  however,  is  not  parallel  with  the 
Ik  hot  inclined  at  45".  The  allowable  pressure  against  wood  across  the 
k  a  about  one-fourth  of  that  with  the  grain.  According  to  the  formula 
bia  Chapter  XXVIII,  page  1138^  the  allowable  pressure  per  square  inch  for 
I  cue  is  6f  2  Ib  instead  of  the  x  4<ao  per  sq  in  aUowed  for  direct  compression 
k  the  grain.  The  reduced  allowabis  pressure  makes  it  necessary  to  use  a 
iibok,  say  a  5-in  bolt,  which  would  be  impracticable,  for  it  would  almost  cut 
:  lirheam  in  two.  It  thus  appears  that  this  form  of  joint  is  not  good  design 
a  troB  of  this  span.    For  shorter 


■  the 


joint   may   be   made  in 
with    the    requirements 
It  has  the  advantage  of  not 
any  projections  below  the 


pMe  y.  Bolts  in  Tension  to 
U  the  Foot  of  a  Rsfter.  In  the 
t  shown  in  Fig.  33  the  bolt  is 
lect    to     UESECT     TENSION     Only. 

i  axBoont  of  the  tension  S  is  found 
the   construction    exphined    in 
KlV.    The  rafter  may  be  let  into    F/'/v///>^/////^-'^/^'/^ 
iie-beaa  or  rest  on  top  of  it,  the     Fig.  83.    Bolt  in  Tenrioa  at  Foot  of  Rafter 
ifaa  m   the    bolt    being    less   in 

ase;  but  it  is  easier  to  erect  the  truss  if  the  rafter  is  notched  into 
from  iH  to  xH  in  for  ordinary  spans  and  loads,  to  hold  it  while  the 
pieces  are  fitted.    After  this  is  done,  the  holes  may 
be  bored  exactly  where  required. 

Whenever  S  exceeds  about  10  000  lb  for  trusses 

made  of  timber  for  whk:h  the  highest  bearing  stresses 

are  allowed,  a  cast  plate,  as  shown  in  Fig.  34  and 

made  to  fit  the  inclination  of  the  bolt,  should  be  let 

^S4.   SfMOBl  Washer   into  the  tie-beam  at  the  head  of  the  bolt  to  distribute 

the  pressure.  The  diameter  of  the  hole  for  the  bolt 
rid  be  %  in  larger  than  the  diameter  of  the  bolt.  The  distance  D  must  be 
k  aoffideat  to  provide  for  the  horizontal  component  of  S,  at  the  allowed 
Uiig  stress  of  the  material  for  shear  with  the  grain. 

ike  horizontal  component  is  found  by  drawing  a  vertical  line  from  c  and  a 
bootal  line  from  a  and  measuring  ad  to  the  scale  of  the  diagram.  For 
|pr»  this  force  must  be  less  than  the  product  of  the  distance  D,  the  width  of 
EaB  sad  the  allowed  shearing-stress  given  in  Table  I,  page  41a. 


^8    Resistance  to  Shear.    lUveted  Joints.    Pins  and  Bolt^    Chap 

BsampI*  i6.    For  the  aame  oonditioDS  as  in  Example  15,  for  the  aze  ol 

members  and  the  thrust  in  the  lafter,  it  is  jnequired  to  deteaniae  the  diaa 
of  the  bolt  and  the  distance  D  for  a  joint  oi  the  type  shown  in  Fig.  33. 

Solution.  To  find  5,  draw  T  equal  to  zSooo  Ifo,  at  a  convenient  seale, 
parallel  to  the  rafter.  At  a»  draw  an  indefinite  line  perpendicular  to  the  n 
and  at  6  a  line  perpendicular  to  the  seat  of  the  rafter.  This  makes  S  gi 
than  in  Example  15,  as  oc  now  scales  37  000  lb.  From  Table  IX,  a  x^&rin 
bolt  is  sufficient  to  take  this  in  direct  tension.  The  horizontal  oomp( 
found  as  directed  above,  scales  19  000  lb.  The  width  of  the  tie-beam  la 
which  at  the  allowed  shearing-stress,  150  lb  per  sq  in,  gives  900  lb  as  the  \ 
that  must  be  cared  for  by  each  inch  of  D.  19  000  lb  divided  by  900  gives  i 
the  required  distance  Z>.  (See,  also,  Chiqjter  XXVIII,  Joints  in  W( 
Trusses.) 

The  compression  against  the  grain  on  the  end  of  the  cast-iron  washer 
also  be  Investigated.  19  000  lb  divided  by  the  width,  6  in,  gives  3  x66  lb 
must  be  resisted  per  inch  of  width  of  beam.  At  i  400  lb  per  sq  in,  as  an  4 
able  working  stress,  this  makes  it  necessary  to  set  the  casting  2H  in  int 
lower  side  of  the  beam,  which  exceeds  the  depth  usual  in  ordiziary  pn 
Some  tests  made  at  the  Massachusetts  Institute  of  Technology  on  large  tv 
and  reported  in  1897.  indicated  that  for  a  test  carried  to  rupturs  the  st 
prescribed  for  usual  designs  might  sa£ely  be  more  than  doubled.  Tes 
timber  under  long-continued  loading  indicate  that  rupture  finally  c 
for  stresses  approximating  one-half  of  those  developed  in  tests  carrh 
docediatb  failure.  This,  and  the  fact  that  decay  may  affect  the  streni 
the  members,  emphasizes  the  wisdom  of  using  conservative  workdig-strj 
in  this  material. 


Ca«t  Wai 
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Fig.  S6.    Joint  with  Two  Bolts  in  Direct  Tension 

Sxample  it*  It  is  required  to  determine  the  size  of  bolts  for  the  joint  s 
in  Fig.  36,  the  thrust  being  65  500  lb  and  the  truss-members  being:  ooa 
long-leaf  ydlow  pine. 

Solution.  The  tension  in  the  bolts  is  found  first  by  draYring  the  force-po 
as  shown  at  the  right  in  the  figure.  To  the  same  scale  that  ab  represents  6^ 
Qc  represents  96  500  lb.  If  the  load  is  equally  divided  between  the  bolts, 
has  a  tension  of  48  250  lb.  From  Table  DC  this  force  requires  a  2M-in 
bolt. 

The  horizontal  component  ad  is  68  350  lb,  which  must  be  resisted  by  the  s 
ing  strength  of  the  wood  between  the  end  of  the  cast-iron  washer  on  the  1 


Strencth  «tf  Bot»  ia  Wooden  Truases  and  GMers  tt9 

i  d  the  tie-beam  and  the  end  of  the  beam  resting  on  the  wall.  At  150  lb 
jsqio,  this  requires  68  35o/i50f  or  455  sq  in.  If  the  beam  is  8  in  wide,  this 
^Rs  a  length  of  57  in  along  the  beam  from  the  washer  to  the  end. 
tbe  bearing  of  the  cast-iroA  washer  against  the  end-fibers  of  the  tie-beam  Is 
1 63  250  lb.  At  an  allowable  pressure  of  z  400  lb  per  sq  in  the  depth  of 
\^nAa  should  be  63  350/(8  X  i  409)  >•  6.1  in.  This  would  almost  cut  the 
■  in  tvo.  The  ultimate  strength  of  the  wood  in  compression  is  about  five 
B  the  working  stress,  and  since  a  considerable  part  of  the  horizontal  force 
irbe  resisted  by  the  body  of  the  bolt  as  well  as  by  the  friction  of  the  washer, 
^probable  that  with  washers  H  in  thick  there  would  be  little  sign  of  weak- 
1  at  the  joint  even  when  the  truss  is  fully  loaded. 

[becretically  the  washers  on  the  top  sorfare  of  the  rafter  should  be  deter- 
ftl  bjr  the  allowable  working  stress  in  compression  across  the  fibers.  This 
;hBg4eaf  ptne  is  taken  at  350  lb  per  sq  in  (Table  VI,  page  454).  The  area, 
^is  48250/350,  or  138  sq  in.  This  requires  a  wsisher  11%  in  square. 
eSfay  S-in  washer  used,  assimies  a  pressure  of  755  lb  per  sq  in,  but  as  the  tests 
le  Forest  Service  of  the  United  States  Department  of  AgiicoltuBe  gSve  3  480 
per  sq  in  as  the  elastic  limit  for  kmg^leaf  yellow  pine,  it  is  very  likely  that 
le  i»oakl  be  no  ngns  of  injury  at  this  point,  other  than  a  suaax  indenta/* 
i;  when  the  tnas  ia  fuUy  loaded. 
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CHAPTER  Xm 


BEAEING-PLATES  AND  BASES  FOB  COLUMNS,  BEA! 
AND  GIBDEBS.   BBACKETS  ON  CAST-IBON 

COLUMNS* 

By 
HERMAN  CLAUDE  BERRY 

PROFESSOR  07  MATERIALS  OF  CONSTRCCTION,  UNIVERSITY  OF  PE)7NSYX.VA] 

1.  Bearing-Plates  and  Bases 

The  Pvrpps'e  of  Bearing-Plates  or  Bases.    When  a  heavily  loaded 

umo,  beam  or  girder  is  supported  on  a  masonry  wall  or  pier,  a  bbarino-puii 
BASE  of  suitable  dimensions  must  be  used  to  distribute  the  load  so  that 
pressure  will  not  exceed  the  safe  bearing  strength  of  the  masoniy  (TabI 


<— P— 

m 

r 

SECTION 


Fig.  1.     Simple  Bearing- 
plate 


^^^ 


Fig.    2.    Beveled    Cast- 
iron  Plate  with  Pin 


PLAN 
Fig.  3.    Ribbed  Cast-iron  Plate 


The  bearing-plate  is  designed  to  be  stiflF  enough  to  distribute  the  pre 
under  it  uniformly,  and  its  area  is  determined  by  dividing  the  IcKid  on  1 
the  allowable  pressure  per  unit  of  area  (Table  II). 

Simple  Bearing-Plates.  Fig.  I  shows  a  simple  bearing-plate  ua^ 
beam.  It  may  be  a  steel  or  cast-iron  rectangular  plate  of  sufficient  thidi 
to  prevent  its  bending  at  the  edge  of  the  beam  from  the  pressure  d 

*  See,  also,  Chapter  XIV,  Subdivisions  8  to  xx.  j 
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For  ancfaora  lof  rtsel  beeaas  on  beaiiii0-plale8»  ace  Chapter 
i;iM«t6i9. 

Csfl^nMi  PlatMi  wltli  Pin.  Fig.  2  is  a  cast-iron  flats  wtth  a  dowel-pin 
it  {aside  the  sheO  of  a  cast-iron  column,  or  into  a  recess  cut  in  the  bottom 
^  wooden  one.    The  pin  holds  the  base-plate  in  position. 

;4ro&  Ribbed  Baaea.  Fig.  3  is  a  cast-iron  kibbed  base  for  a  kirge 
cast-iron  column,  capable  of  supporting  a  load  heavy  enough  to 
9k  s  plate  similar  to  the  one  shown  in  Fig.  2,  at  the  edges  of  the  column, 
fas  the  plate  were  made  unduly  thick. 

UUe  L    ADowftMe  Bearing  Pr«Mur«  on  Different  Kiads  of  ICaaoniy 


^ 


1 

Allowable 

pressures 

Kind  of  masoory 

Lhperaq 

in 

Tonsprr 

sqft 

From  the  building  laws  of  New  Y 

ori,  1917 

■<^.  in  Sme  mortftr 

no 
160 
250 

t40 

soo 

8 

X8 
10 
.^6 

JB  Snic-aad-ceineat  mortar 

■  Fortkuid-ccmeiit  mortar 

UbMe  Basocuy.  in  Portland-cement  mortar 

Prom  the  building  laws  of  Chica 

go,  19 1 6 

afaye.  ill  lime  mo»tar-  - 

60 

TOO 
X20 
300 
400 
600 
350 
400 

4.. ^2 

7.2 

8.6 

14  4 
a8.8 

43. a 
as. 4 

28.8 

in  Portland-cement  mortar 

MDcd  rabble,  in  lime  mortar 

in  Port]and<emeiit  mortar 

lUv,  finestooe,  in  Portland-cement  mortar 

granite,  in  PortlaBd*ceaMQt  mortar. . 

HCKtc,  Poftland-ccmcnt.  1:2:4,  haad-mixed 

machine-mixed. . 

hi  Bases  of  the  Steel  Cores  of  Composite  Columns  used  in  reinforced- 
wc  construction  have  areas  sufficient  to  distribute  the  loads  of  the  columns 
'the concrete  in  the  fooHngs  at  the  allowable  working  stress  of  the  concrete. 
;  ak),  page  474,  Figs.  14  and  15.) 

I— fia  I.  The  basement-columns  of  a  warehouse  are  designed  for  a  load 
ca  ooo  lb  each.  It  is  required  to  determine  the  size  of  the  base-plates  to 
«B  the  aaictete  foundations.    (Table  II  used.) 

Ariba.  At  an  allowable  pressure  of  aoS.lb  per  sq  in,  the  required  area  is 
jao;2o8  or  1  020  sq  in.  or  about  32 H  in  square.  The  plan  and  section  of 
mf  jilui.  is  shown  in  Fig.  3. 

jns  of  Baae-Platea.  For  small  columns  and  wooden  posts  with  light 
L  PLux  PLAT  PLATES  of  cast  irou  or  steel  are  generally  used.  The  cast-iron 
l^auj  have  a  raised  ring  or  cross  to  fit  inside  a  hollow  metal  column,  or 
k  from  I  >^  to  a  in  in  height  for  a  wooden  one.  If  the  plate  is  very  thick 
JHer  edges  may  be  beveled  to  save  weight,  as  shown  in  Fig.  2,  but  no  part 
i^niid  be  leas  than  about  H  in  ftkk. 
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TaUa  D.    ABoiwaUt  Loads  oa  Stendacd,  eteel  BMrisf^bitM  4a  Wall 


Beanng  on 

waU. 

in 

Size  of  plate, 
in 

Safe  bearing  v^ue  ^  plate  in  poimds 

Bricks  laid  in  mortar  of 

Lime,  1x2* 
lb  per  sq  in 

Lime  and 

cement,  i6a* 

lb  per  sq  in 

Ibpereq 

6 

6X  6 
6x  8 
6X10 

4  070 
5400 
6700 

5800 
7800 
9700 

7500 
10  000 
13500 

8 

8X  8 
8X10 

7200 
9000 

10200 
i;iiao 

13  300 
16  600 

8X12 

10700 

15500 

20000 

10 

lOXlO 

II  200 

X6200 

20800 

10X12 
10X14 

X3  4SO 
15700 

19  500 
22700 

35  200 
37900 

13 

X2XZ2 
X2XI4 
I2Xl6 
I2Xl8 

X6150 
X8800 
22000 
24200 

23300 
27400 

3X200 
34500 

30  000 

as  000 

40  zoo 

45000 

14 

14X14 
I4X16  ■ 
14X18 
14X20 

22X00 
25000 
28200 
31400 

31800 
36300 
40800 
45400 

40800 
46600 
53400 

58  300 

x6 

16X16 
16X18 
16X20 
16X22 

28700 
32300 
35800 
39500 

41500 
46600 
5x900 
57000 

53200 
59800 

66  700 
73200 

*  These  values  are  slightly  different  from  those  of  the  New  Yoiit  Code  (19x6) 

Ribbed  Bases.  If  the  calculated  size  of  a  bearin^-pIate  is  90  large  tb 
projection  beyond  the  edge  of  the  column  would  be  more  than  about  6 
RIBBED  BASE  similar  to  that  shown  (Fig.  3)  for  a  cylindrical  column  is 
For  such  bases  it  is  unnecessary  to  consider  the  transverse  stresses.  ^ 
these  bases  are  bolted  to  the  columns  they  add  greatly  to  the  general  sta 
of  the  supporting  members  because  of  the  greater  width  of  such  bases. 

Proportions  of  Ribbed  Bases.  The  height  H  of  this  type  of  base  si 
be  approximately  equal  to  the  paojBcnoN  P,  and  the  dzambtkb  D  eqi 
the  diameter  of  the  column.  The  projection  C  should  be  at  least  3  in  to  p 
the  bolting  of  the  column  to  the  base.  The  thickness  of  all  parts  of  the  a 
should  be  the  same  and  approximately  equal  to  the  thickness  of  the  co 
shell.  There  must  be  no  thin  webs  as  they  result  in  breakage  from  sbiic 
stresses. 

Base-Plates  for  Steel  Columns  are  usually  made  of  steel  plates  and  sa 
as  shown  on  the  channel-columns  in  Chapter  XIV,  Figs.  17, 18  and  19. 
iron  bases  are  sometimes  used  for  very  heavy  columns.     If  oonditios 
favorable  to  the  action  of  corrosion  the  cast  iron  is  to  be  preferred. 
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&•  Avta  ol  Baafiag-PlatM  «a4«r  Btwiat  and  Oirdara  is  found  in  the 
Be  wammr  as  the  area  of  plates  under  columns.  If  the  load  on  the  beam  is 
0onif  distributed  over  the  beam  or  ooocentrated  at  its  middle,  the  required 
ttof  the  plate  is  one-half  the  total  load  on  the  beam  divided  by  the  allowable 
■inc  per  nnit  of  area  on  the  masoniy;  but  if  the  load  is  a  moving  load,  the 
ntcst  possible  eod-reaction  must  be  divided  by  the  allowable  bearing.  For 
BBuple,  a  heavily  loaded  truck  standing  near  the  end  of  the  beam  causes  a 
aBne  on  the  bearing-plate  much  greater  than  one-half  its  weight.  The 
m  reaction  for  the  actual  conditions  most  be  found  by  the  methods  explained 
lOapter  DC. 

Ike  TUcknass  oi  the  Bearing-Plate  is  foOnd  by  the  formula  used  to 
onune  the  flexure  of  beams.  It  must  be  determined  in  each  case.  For  a 
pcal  case  the  forces  acting  are  shown  in  Fig.  5,  which  represents  a  transverse 
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Fig.    B.    Fonts   Acting 
on  Half  of  Besriag^pUte 


|F%.  4.    SiD|>le  Bcuiag-pUte  uader  ifBeam 


Iticil  ttctioa  tbrou^  one-half  the  plate.  The  vertical  section  at  C,  and 
aqgk  aod  parallel  with  the  web  of  the  I  beam,  is  taken  through  the  center  of 
:  pbtc^  which  is  the  dangerous  section,  or  section  of  maximum  bending  mo- 

DL 

In  Hp^  4  axid  5,  V  is  the  bearing  depth  on  the  wall; 

/  is  the  length  of  the  plate,  parallel  with  the  wall; 
h  is  the  width  of  the  flange  of  the  beam; 
is  is  the  load  on  the  bearing-plate. 


the  uniform  loads  by  the  equivalent  fotces  at  the  center  of  gravity 
Each,  thflM  foirccs  are  represented  by  the  longer  arrows.  The  bending  mo- 
tt  at  the  section  at  c  is  the  same  as  the  moment  of  the  concentrated  forces, 

M^{R/2Xl/4)'iR/2XbU) 
M'R/2X{l-b)/4 

I  is  equal  to  the  resisting  moment  at  the  same  section  c,  or,  at  stress  5, 
c;  in  which  J/c  is  the  section-factor.  (See  Chapter  XV.)  This  reduces  to 
76.   Equating  the  bending  moment  and  the  resisting  moment  there  results 

/-o.866Vj?(l-*)/56' 
i 
or  5«  3  ooo  for  cast  iron,  this  reduces  to 

/  -  O.OIS8  y/Ri^l-by/b' 
b  5«  i6  ooo  for  steel  plates,  it  becomes 

i  -  0.0068s  VR{l-^b)/l/ 


(1) 


Ca> 
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Example  a.  It  is  required  to  determine  the  length  and  thickness  of  a  cai 
iron  l>earing-plate  under  a  wooden  beam  which  is  lo  in  wide  and  supports 
load  of  34  000  lb.  The  plate  is  8  in  wide  and  bears  that  width  on  a  brick  wi 
laid  up  in  lime  mortar. 

Solution.  The  load  on  the  plate  is  24  000/2  «  12  000  lb.  From  Table  1 
the  area  of  the  plate  is  12  000/1x2  >■  zo8  sq  in.  Hence,  if  the  width  of  t 
plate  is  8  in,  its  length  must  be  13^  in.    Then,  from  Formula  (i) 

/ -  0.0158 y/i2  000  (13 Vi  —  ro)/8  «  1. 15  in 

A  plate  iM  in  thick  would  be  used.  * 

Brample  3.  It  is  required  to  determine  the  length  and  thickness  of  a  st 
bearing-plate  under  the  end  of  a  24-in  79.9-lb  I  beam  supported  on  a  x2-in  bri 
wall  laid  up  in  lime-and-cement  mortar  and  carrying  a  load  of  60  000  lb.  1 
width  of  the  flange  of  the  beam  is  7  in.    (See  Table  I.) 

Soltttion.    The  load  on  the  plate  is  60  000/2  «  30  000  lb 

The  area  of  the  plate  «  30  000/160  *  Z87M  sq  in 
The  length  of  the  plate  is  187.5/13  —  15.6  in 

Then,  from  Formula  (2) 

/ »  0.00685  "^30  000  (15.3  —  7)/i2  -  I  in 

Standard  Sizes  of  Steel,  Wall  Bearing-Plates.  These  are  given  in  Ts 
II,  and  are  based  upon  ALLOWABLE  pr£SSuAes  of  112, 162  and  308  lb  per  sq 
These  unit  pressures  are  based  upon  the  allowable  pressures  of  the  ^ 

York  and  Philadelphia  building  laws  which  are 

pressed  in  tons  per  square  foot.    Because   of 

complicated  formula  on  which  the  thickness  depc 

it  b  best  to  compute  the  thickness  for  each  case. 

Bearing-Plates  nnder  Colunina.    The   sen 

rules  already  given  [for  the  proportions  of  rib 
BASES  similar  to  that  shown  in  Fig.  3  are  a  suffic 
guide  for  detailing  such  bases;  but  in  case  ai 
FLAT  PLATES  are  used  under  columns,  their  thick 
must  be  computed  according  to  the  principles  gov 
ing  bending.    The  stress  in  a  flat  plate  suppo 

Fig.  6.  FUt  Bearing-plate  at  the  middle  and  subjected  to  a  uniform  load  ca 
for  Column  be  determined  by  the  ordinary  methods  of  mecha 

The  approximate  solution  here  given  is    gene 

used  in  the  design  of  base-plates  and  column-footings.    It  gives  vj 

found  to  be  safe  in  practice. 

In  Fig.  6,  let  B  -  the  length  of  the  side  of  the  plate  as  determined  b| 

allowable  pressure  on  the  supporting  nutsonry; 
D  —  the  side  or  diameter  of  the  column; 
P—  (B—  Z?)/2  ••  the  projection  of  the  plate; 
/  -  the  thickness  of  the  plate; 
i4'  >  the  area  of  the  plate  outside  the  column; 
w  «  the  allowable  bearing  pressure  on  the  masonry  due  ti 
load  on  the  column. 

Then  in  Fig.  6,  the  pressure  on  one-fourth  of  A',  shown  enclosed  by  the  4 
lines  in  the  figure,  causes  shdaring  and  bending  stresses  in  the  section  4 
plate  along  the  line  ab.  Considering  the  part  enclosed  and  taking  mdl 
about  the  section  ab,  the  foUowing  equation  is  obtained  from  the  usual ' 


B 

/ 

D 

a 

*  p    > 

\ 
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^lBoalalt  fommla.  (See  Chapter  XV,  ptgfi  557.)  That  is,  the  reaisting 
mKQt  equals  the  bending  moment,  or 

SI/c^ViA'Pw 
r  the  Rctai^^ular  section  at  ab,  this  may  be  written 

iich  becomes  f  or  5  ■■  3  000  

/  -  0.0224  Va'Pw/D 
dfor  S-  x6ooo    

/  -  0.0097  VA'Pw/D 

lonipfe  4.  It  is  required  to  detennine  the  size  and  thickness  of  a  cast-iron 
uiag-plate  to  be  used  under  a  wooden  post  12  in  square  in  cross-section  and 
«ped  for  a  k)ad  of  115  200  lb.  The  plate  is  to  be  set  on  brickwork  laid  in 
not  mortar  in  New  York.    (See  Table  I.) 

Siliii«a.    The  required  area  of  the  base  is  1x5  200/250  »  461  tq  in.    V461 
2147  and  a  22-in.  square  plate  would  be  used. 

Tfcen  A'  -  461  — 144  -  317  sq  in 

P  -  (22  —  i2)/2  "  5  in 
i>  -■  12  in 
w  »  250  lb  per  sq  in 

/  —  0.0224  V317  X  5  X  250/12  ■■  4  in 


Hb  thickness  may  be  beveled  to  i  >^  in  at  the  edge.    The  computed  thickness 

pester  than  is  usual  for  such  plates,  some  formulas  having  more  practical 

ttaots  which  really  assume  a  stress  of  about  10  000  lb  per  sq  in  in  cast  iron 

hading. 

I  the  plate  is  made  of  steel 

i  •  0.0097V317  X  5  X  250/12  -  iK  in 

2.  Bearing-Brackets  on  Cast-Iron  Columns 

%»  JJmul  Colnmn-Connections  for  fastening  beams  and  girders  to  cast- 
i  cufamms  are  shown  in  Fig.  7.^  The  end  of  the  beam  or  girder  is  set  on 
ELt  P,  under  which  is  a  bracket-suppost  C,  cast  on  the  side  of  the  column, 
a  angle  beam,  one  bracket  b  sufficient;  for  wide  beams  or  girders  there 
^  be  two  ribs.  The  ends  of  the  beams  are  fastened  to  the  column  by 
Bg  to  UJGS  Lt  cast  on  the  column  above  the  bracket.  Sometimes  a  column 
tteoed  by  bolts  passing  through  the  bottom  flange  of  the  beam  and  through 
shdf-plate.  This  connection  greatly  decreases  the  lateral  stability  of  a 
log  and  should  not  be  used. 

ke  Sbdl  and  Brackets,  when  loaded,  are  subject  to  shearing  and  bend- 
busses.  The  SHEAS  at  the  outer  surface  of  the  column-sheil  is  equal 
K  cad-rcaction  of  the  beam  it  supports.  The  brnding-stress  is  due  to  the 
Icttioa  of  the  load  on  the  shelf-plate  at  some  distance  from  the  surface  of 
klumn.  It  causes  a  tension  at  the  top  of  the  bracket  which  tends  to  tear 
■e  shell  of  the  column,  and  causes,  also,  a  compression  at  the  foot  of  the 
Bhe  TmcKNCSS  of  the  rib  must  be  great  enough  to  withstand  the  com- 
■S  from  the  load  above;  and  since  the  stress  is  variable  along  a  section, 

w  *  See  abo.  Figs,  s  aad  7*  pages  457  aad  458. 
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ftfl  along  the  line  7,  a  KMgli  apptoiimation  may  be  made  by  assuming  i 
stress  at  the  extreme  edge  to  be  twice  the  average  stress,  and  by  further  assu 
ing  that  the  section  in  the  rib  takes  care  of  all  the  compression.  This  makes 
unnecessary  to  find  the  center  of  gravity  and  the  moment  of  inertia  of  t 
section  at  X,  both  of  whiA  must  be  known  if  the  FLEXtrRE-rORMULA  is  usj 
This  procedure,  also,  makes  unnecessary  any  assumption  as  to  the  true  positi 
of  the  CENTER  OF  PRESSURE  ou  the  top  surface  of  the  bracket.  With  the  thk 
ness  of  rib  given  in  the  tables  there  is  an  ample  factor  of  safety  for  any  Ic 


« 


Floor  line      ___. 


Fig.  7.    Cast-iron  Columns  with  Bearing-brw^ets 

that  may  be  applied  through  a  beam.  The  double  ribs  are  required  when  i 
beams  are  used,  not  for  strength,  but  to  prevent  the  failure  of  the  shelf  I 
eccentric  loading. 

Tettt  of  Cast-iron  Brackets.  Brackets  of  cast-iron  colunms  tested  by 
New  York  Building  Department  gave  a  shearing  strength  of  4  200  lb 
sq  in  on  the  section  at  the  column  when  the  load  was  applied  at  the  end  of 
bracket,  and  an  average  of  8  000  lb  jter  sq  in  when  the  load  was  distributed, 
the  bracket-shelf.  The  range  of  stress  in  the  first  case  was  from  3  4^ 
5  600  and  in  the  second  from  4  100  to  10  900  lb  per  sq  in.  In  seventeen  01 
twenty-two  tests  the  manner  of  failure  was  the  tearing  out  of  a  hole  ix 
body  of  the  column.  It  appears  that  when  the  thickness  of  the  rib  and 
is  the  same  as  that  of  the  shell  of  the  column,  there  is  generally  ample  stre 
for  the  support  of  beams  and  girders;  but  that  in  the  case  of  very  He 
loaded  beams,  the  shearing  and  crushing  strength  should  be  investas 
From  the  results  of  the  tests  mentioned,  a  low  woriono  stress  fok  sa 
must  be  assimied. 

'  The  Bevel  of  Brackets.    If  the  shelf  P  (Fig.  7),  on  which  the  beam 
is  cast  square  with  the  column,  when  the  beam  deflects,  the  load  is  bro\i^' 
the  extreme  end  of  the  bracket,  causing  an  increased  bending-stress   ii 
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EKket  and  <x«UMCtk>as  and  leading  to  te&r  a  hole  ia  tbe  column-shell.  T 
nid  thu  the  bracket-shelf  abould  be  sloped  dovnnatd,  away  from  the  columl 
xl  ttaould  have  a  bevel  oI  ^I  in  to  the  foot. 

Standard  Coanectiona  for  Caat-Iron  Columnt.  Tnbte  III.  pubtisha 
maSr  in  the  PaMiac  RoBlnc  Mifl  Bandbook,  and  fridety  m«d  t^  oiIm 
vtU  be  found  useful  when  detailing  cast-iron  colunuis. 
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CHAPTER  XIV 

STRENGTH  OF  COLUMNS,  POSTS  AND  STRUTS 

By 
CHARLES  P.  WARREN 

LATE  ASSISTANT  PKOPE8SOR  OP  ARCaiTECrUttB,  OOLUICBIA  UNIVSRSXTY 

1.  General  Principles  and  Definitions 

Slendemess-Ratio.  The  manner  in  which  a  materia!  fails  under  compre 
or  pressure  depends  not  only  upon  its  nature,  but  also  upon  its  dimension) 
form.  The  ratio  of  its  length,  in  inches,  to  its  diameter  or  least  lateral  di 
sion,  in  inches,  l/d,  or  the  ratio  of  its  length  to  its  least  radius  of  gyratioc 

is  its  SLENDER17ESS-RATXO. 

The  following  average  limits  of  slenderness-ratios  are  generally  recog 
in  engineering  practice: 

Solid  wooden  colimms,  l/d  from  about  8  to  30; 
Solid  wooden  columns,  l/r  from  about  30  to  100; 
Hollow  cast-iron  columns,  l/d  from  about  8  to  20; 
HoDow  cast-iron  columns,  l/r  from  about  xo  to  70; 
Steel  colunus,  l/r  from  about  30  to  130. 

Three  Classes  of  Columns,  (x)  The  actual  compressive  strength  of 
Serial  must  be  determined  on  very  short  specimens  in  which  there  is  no  ten< 
to  bend  or  to  buckle^(2)  The  load  required  to  break  the  specimen  do 
change  much  until  Ifjft  is  about  8  or  xo,  or  l/r  is  about  25  or  30.  When 
ratios  are  exceeded,  thyspecimens  tend  to  fail  partly  by  direct  compressio 
partly  by  bending.  (3)  When  l/r  is  greater  than  about  200,  the  colunu 
by  bending. 

t.  Strength  of  Short  Wooden  Columns 

The  Safe  Load  for  a  Short  Wooden  Column,  the  length  of  which 
more  than  10  times  the  least  dimension,  may  be  computed  by  the  formula 

„  ,   ,     ,     area  of  cross-section  X  S 

Sate  load  " z 

factor  of  safety 

in  which  S  denotes  the  crushing  strength  of  the  given  material  as  stal 
Table  I. 

The  Factor  of  Safety  to  be  selected  depends  upon  the  place  where  tl 
umn  is  used,  the  load  which  comes  upon  it,  the  quality  of  the  matfrial  aa< 
large  measure,  upon  the  value  given  to  S.  For  lumber  of  ordinary  qualit> 
taining  no  very  bad  knots,  a  factor  of  safety  of  five  may  be  used;  or,  in 
words,  the  safe  stress  per  square  inch  of  section-area  may  be  taken  as  on 
of  the  values  given  in  Table  I.  If  the  column  is  badly  season-checked, 
grained,  or  contains  bad  knots,  a  larger  factor,  say  six  or  seven,  should  be 
The  character  of  the  load,  also,  should  be  taken  into  consideration  in  deten 
the  factor  of  safety.  ■  Thus  for  a  wooden  post  supporting  a  brick  wall  a 
factor  should  be  used  than  for  one  supporting  a  floor,  as  in  the  former  a 
fidl  lord  jn  af  all  times  on  the  post,  and  the  least  reduction  of  its  section-i 
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<rf  file  ml^t  cause  it  to  give  way.  Wooden  posts  supporting  machinery,  or 
lidefi  itruts  in  railway  bridges,  should  have  a  factor  of  safety  of  from  six  to 
Bt,  if  the  values  of  S  given  in  Table  I  are  used. 

Ittit  L*    Averace  Cruahlng-Loftds  in  Pounds  per  Square  Inch,  for  Baild- 

ing  Materials 


1 

Materials 

loads. 

lb  per  sq 

in 

Materials 

Crushing- 
loads, 
lb  persq 
in 

Wttsoe.  brick,  concrete 
Nwi  masonry,  see  Chap- 

S 

80000 
55000 
60  000 

3500 
4000 

Woods  (continaed) 
Cypress 

S 

3S00 
4000 
5000 
5000 
4000 
4500 
3500 
4000 
4000 
4500 
3000 

4ErV 

Hemlock 

Metals 
Jfi  irus.  ................. 

OsJc,  white 

Pine»  long-leaf  yellow 

Pine,  short-leaf  yellow 

Doiifflfifi  fir 

vnght  iron 

ked.  roCAl  shapes 

Pine,  Norway 

tbods.  with  the  graint 
Jpiar 

Pine,  white 

Redwood.  California 

Spruce 

!!term:t 

Whitewood 

'  See,  abo.  Table  XVI,  page  647.  and  Table  I,  page  1x38. 

t  Tkese  arc  values  for  wooden  columns  under  15  diameters  in  height  and  are,  of 

P.  aveiage  values.     For  the  safe  loads,  per  sq  In,  on  timbers,  perpendicular  to 
m,  see  Table  VI. 

bmpls  X.  What  is  tbe  safe  load  for  a  long-leaf  yellow-pine  column,  xo  by  10 
^ODss-sectioa  and  12  ft  long,  using  a  factor  of  safety  of  5? 

lihSioB.  Area  of  cross-section  «  xoo  sq  in;  safe  load  per  sq  in  - 5  000/5  » 1000; 
^X  100  •-  xoo  000  lb. 

baapls  a.  It  b  required  to  support  a  brick  wall  weighing  80  000  lb  by  a 
pgias-fix  column  x  i  f t  long.    What  should  be  the  cross-section  of  the  column? 

Wsiisii.  As  previously  stated,  for  these  conditions  it  would  be  wise  to  use  a 
tBrof  safety  of  6.  Then  the  safe  resistance  per  square  inch  of  section-area  * 
10/6  -  750;  So  000/750  -iXo6  sq  in  required,  about  equivaleat  to  a  10  by 
■  QOBs  section. 


i 


of  Wooden  Column*  or  Stnttt  Over  Ten  Diameten 
in  Length.    Formulas 


WboIis  for  Wooden  Colnmns.  If  the  length  of  a  solid  column  exceeds 
It  ttn  times  its  least  crossrdimension  it  is  liable  to  bend  under  the  load,  and 
oe  to  break  under  a  less  load  than  would  break  it  if  it  were  shorter  and  of 
pHae  cross-section.  To  deduce  a  formula  which  will  make  the  proper  allow- 
^  for  the  length  of  a  column  has  been  the  aim  of  many  engineers,  but  their 
miss  have  not  always  been  exactly  verified  by  actual  results. 
^  recently  the  formulas  of  Lewis  Gordon  and  C.  Shaler  Smith  have  been 

Pbeacfafly  by  engineers,  but  the  extensive  series  of  tests  made  by  the  Govern- 
fat  Watertown,  Mass.,  on  full-sized  wooden  columns,  showed  that  these 
B  (fid  not  agree  with  the  results  there  obtained.    James  H.  Stanwood 
year  1S9X  plotted  the  values  of  all  the  tests  made  at  the  Watertown 
■al  Bp  to  date  on  full-size  wooden  columns.    From  the  results  thus  obtained 
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he  deduced  the  f oHowing  stsaiobt-line  pormula  for  long-leaf  yellow-iniM  i 

white-o&k  columns: 

length  ui  tfyliff 

Safe  load  per  square  inch  ■■  i  ooo  —  lo  X  r tt"; — : — r — 

breadth  m  inches 

The  author  has  carefully  compared  this  formula  with  the  results  of  act 
tests,  and  with  other  formulas,*  and  believes  that  for  timber  without  seii 
defects  and  with  not  more  than  lo  or  12%  of  moisture,  it  meets  the  actual  < 
ditions  as  nearly  as  any  other  formula.  He  has  therefore  prepared  Table) 
m,  IV  and  V  for  the  strength  of  round  and  square  columns  of  the  sizes  genet 
used  in  practice.  Of  course  other  formulas  must  be  used  when  required  by 
tain  city  building  laws.  For  other  sizes  the  loads  can  easily  be  computed 
the  formulas.  For  c<^umns  having  bad  knots  or  other  defects,  or  more  t 
zo  or  12%  of  moisture,  or  which  are  to  be  exposed  to  the  weather  or  knowi 
be  eccentrically  loaded,  a  deduction  of  from  10  to  25%  should  be  made  from 
values  given  in  the  tables. 

The  loads  for  columns  of  other  species  of  wood  were  computed  by  the  f 0II01 

formulas  of  the  same  form  as  that  of  Formula  (2): 

For  Douglas  fir  and  spruce, 

_  ,   ,     ,  .    1      «         „         length  in  inches 

Safe  load  per  square  mch  ■■  850  —  8.5  X  r — tt-j — t—t — 

breadth  in  moies 

For  chestnut,  hemlock,  short-leaf  yellow  pine  and  white  pine, 

0,1,'  .    ,  length  in  inches 

Safe  load  per  square  mch  ■■  750  —  7.5  X , tt": — : — ; — 

breadth  m  inches 

For  cedar,  cypress,  redwood,  Norway  pine  and  whitewood, 

_  ,   ,     ,  •    u     c         c  w  l«n«th  in  inches 

Safe  load  per  square  inch  -  625  —  6  X  / z-r~. — : — ; — 

breadth  in  inches 

In  these  formulas  the  breadth  is  the  least  side  of  a  rectangular  column,  01 
diameter  of  a  round  column.  The  round  columns  were  computed  for  the 
Inch,  to  allow  for  being  turned  out  of  a  square  column,  of  the  next  size  la 
The  formulas  were  used  only  for  columns  with  a  diameter  or  least  side  ex< 
ing  12  diameters  for  yellow  pine  and  white  oak,  and  exceeding  10  diami 
for  other  woods. 

4.  Tables  of  Ssfs  Loads  lor  Wooden  Colonuis 

Tables  II,  HI,  IV  aad  V  give  the  safe  loads  in  pounds  for  round  and  sc 
wooden  columns  of  different  cross-sections  and  lengths  and  of  different  kin 
wood.  They  were  computed  from  formulas  as  explained  above  and  ar 
favorable  oonditions  of  material,  seasoning  and  position  in  buildinss. 

*  There  are  many  formulas  (or  the  safe  loads  per  square  inch  of  cross-section  of  w 
cehmms.    Amoag  those  frequently  used  ate  the  following: 

American  Railway  Engineering  and  Maintenance  of  Way  Anociation, 

P/A  -5(i-;/6od) 

Department  of  Agriculture, 

P/A  -  5  (700  -h  IS  W/iloo  + 15  //i  +  fim 
Winslow  Formula  (Chicago  Law), 

P/il  «5(i-//8orf) 

In  these  formulas,  P  ts  the  safe  load  in  pounds,  A  the  area  of  the  croaa-section  in 
inches,  P/A  the  safe  load  in  pounds  per  square  inch,  5  the  safe  end-beariug  comp 
per  square  inch,  I  the  length  in  inches  and  d  the  least  ude  or  diameter  in  inches, 
formulas  give  smaller  safe  loads  than  those  of  Tables  11,  III,  IV  and  V;  but  as  tli 
of  these  tables  are  to  be  decreased  for  unfavorable  conditions  and  the  loa.ds  dcf« 
from  the  three  formulas  mentioned  mcKEASEO  for  favorable  conditions,  tbe 
about  the 


Tables  of  Safe  Loads  for  Wooden  Columns 


A5t 


TlifalelL    Safe  £aad«  ift 


Ftraads  for  Zionip-Lasf 


T«llowwPiae  and 
and  Sqone 


Sueof  colaxnn 
In  inches 


♦X6 

«X6 

IXS 

6X10 

THroond. 

JXS 

iXio 

»XI2 

^hrgaxid. 

loXxo 

loXia 

loXu 

liH  roond 
toxia 

12XU 

MXi6 

•4X14 

«|6Xi6  .... 

*Xi3 

«X» 


Length  of  column  in  feet 


8 


iSloo 
19590 
joaoo 
40300 
so  400 

64000 
80000 
96000 
70900 

100  000 

130  000 
140  000 

XQ3  900 

144000 
168000 
192000 
196000 
356000 
324000 
400000 


10 


16800 
Z8760 
aBSoo 
3S400 
48000 
37130 
54  400 
68000 
8x600 
6x970 
xooooo 
uoooo 


12 


L40  0001119 


IQ39OO 


144  000  144 


x68ooo 
X92000 


1960001196 


256000 

324000 


400000400 


IS 
17 
37 
36 

45 
3S 

n 

85 
102 


14 


90 


168 
X92 


%6 
3:24 


360 

SSOi 

400 

Soo| 

6oO| 

710: 

Sool 

60O1 

700 

X90 

600 

700 

800 

9x2 

0001x23 

000  144 

000U65 

000x96 

ooo>^ 

000324 

000:400 


16 

25 
34 
43 
34 
SO 
63 
76 
S» 

as 

99 
116 

88 


500 
900 
600 
200 


IS 


as 
33 
43 


300}  33 
600  49 


62 
74 


200 

800 

350 
200 

800  98 
S00|xi4 
7301  87 

800|X22 

500x42 

xoo  163 
000!  170 
000,229 

000  324 
000400 


200 

600 

000 

600 

000 

400 

429 

000 


x6 


34 
32 

40 
32 
48 
60 

73 
56 
80 


400 
800 
690 
400 
800 


97 

XX3 

86 

X2I 

141 
2001 161 
9001X69 

xoo;  225 
000^289 
0001400 


500 
600 
800 
890 
600 
800 
000 

580 

800 

000 

xoo 


18 


46 

S3 

70 

S4 

78 

94 
109 


SSOj  84 

000!  XI8 


100 
300 


X37 
157 


100' 165 
300,221 
400285 
000;356 


700 
400 
100 
800 
400 

XOO 

800 

z6o 
xoo 

800 

400 
800 
400 
xoo 


20 


76000 
91  200 
X064OO 
82290 
XI52OO 
134400 
153600 
162400 
217600 
280800 


XO944O 
127680 

1459^ 
XS580O 
209900 
272  160 
80O1352  OO0I342  400 


24 


I 


Xafala  nL    Safe  Loads  in  Pounds  for  Douglas-Fir  and  Spmca  Columns, 

Round  and  Square 


Bs  oc  oohxmn 


m 


lound. . 
S 

;o 

rxad. . 

'<5 

w 

» 

nooxid. . 

EJ 

U...V. 

iHrxiad. 

u 

■  •  «  •  *  9 


Length  of  column  in  feet 


8 


15500 
16650 

25704 

34272 

42840 

32740 

47870 

.59840 

7x808 

54x50 

85000 

X02000 

1x9000 

88290 

122400 

142800 

103200 

X66600 

190400 

217  600 


zo 


14  280 

15790 
24480 

32640 
40800 

31540 

46  240 

57800 

69360 

52650 
74800 
89760 

104700 

79100 

ZKO  x6o 
X28S20 
X46880 
166600 
190400 
217600 


12 


13 
14 
23 
3X 

37 
30 

44 


050 
900 


51 
72 

87 

lOX 

77 
107 

125 
143 

149 

170 

217 


450 
800 
600 


14 


14 


256  22 

008 

760 

340   . 

600  42 

760 

9X0 

ISO 
760 
300 
860 
250 
700 
660 


030 
032 
376 


IS 


720  35 


140 
970 


49 
70 
84 
99 
75 
XOS 

122 


21 

28 


28 
42 


7201  52 
460  63 

580  ^ 

720  69 

860  83 

000  97 


600140 


X46 
167 
X94 


400 
360 
800 
350 
600 
500 
700 


420 
S60 

700 

x6o 
700 
240 
820 
700 
640 
S80 
470 
040 


16 


•  •  *  •  » 


20 
27 
34 
27 
41 
SX 
6a 
48 
68 
82 
96 
73 
X02 


74 
XO4 
121  380  XI9 

138 

\n 

193 


18 


7W 
180 


137 
X43 


900  164 
000  X9X 


808 

744 
680 

940 
340 
680 
000 
070 
680 
400 
ISO 
550 
800 
930 
080 
760 
300 
400 


26740 

39710 

49640 

59560 

46570 

66640 

80000 

93300 

71700 

100360 

117  xoo 

133800 

X40900 

x6k  000 

188200 


20 


64600 

77  500 

90400 

69850 

97920 

XX4  240 

X3os6o 

X38080 

XS7  800 

184900 


24 


66160 

93000 

xoSsao 

X24  03O 
132  400 
K5I  300 
X78400 


A52 


Strength  of  Columns,  Posts  and  Struts 


Chap. 


TftUe  IV.    Stfe  Losds  in  Po«nda  for  Chettaut,  Hemlock,  ShocWLaaf 
Yallow-Pine  and  Whito-Pine  ColimHM»  Ronaxl  and  Square 


Size  of  column 
in  inches 


4X6 

5H  round.. 

.6X6 

6X8 

6X10 

7^  round. . 

8X8 

8X10 

8Xia 

9Vi  round . . 

loXio 

loXia 

10X14 

XI Vi  round. 
12X12 

12X14 

12X16 

14X14 

i6Xio 

18X18 

aoX2o 


Length  of  column  in  feet 


8 


13680 

14700 
22680 
30240 
378CO 
28900 
42240 
52800 
63360 
47960 
75  000 

90  003 
105  O30 

77925 

loSooo 
126000 
144000 
147000 
192000 
243000 
300000 


10 


12600 
13900 

21  603 

2S800 

36  OOD 

27850 
40768 
so  960 
61 152 
46440 
66000 

I  79  203 

I  92400 
6)820 
loSooo 
1126000 
i  144  000 
,147  000 
,192000 
'243000 
1300000 


12 


11520 
13  160 

20520 

27360 
34200 
26780 
39360 
49200 
59040 
4Srto 

64  200 

77040 
89880 

65  x6o 

95040 

no  800 
126700 
147000 
192000 
243000 
300000 


14 


12370 
19440 
25920 
32400 
25720 

37880 
47360 
56830 
43740 

62400 

74880 
87360 

66490 
92880 
108300 
123800 
129300 
192000 
243000 
300000 


IS 


•  •  •  •  ■ 


18 
25 
31 
25 
37 
46 

55 
43 
61 

73 
86 

65 
91 
107 
122 
128 
170 

243 

300 


900 
200 
500 
190 
190 


16 


18 

24 

30 
24 
36 


400  44 
680'  54 


100 

500 
800 

100 


42 
60 
72 

84 


770  64 

700i  90 
000' 105 

300' 120 

100  127 

500' 168 
000217 
000300  000*267 


360 

480 

600 

660 

480 

600 

720 

400 

6bo 
720 
840 

833 
700 
840 
900 
000 
900 
000 


xS 


35 
43 
52 
41 
58 
70 
82 

63 
88 

103 
118 

124 
166 

213 


000 
760 
500 

^ 

560 
320 
170 
560 
300 
000 
400 
100 


30 


57 
68 

6t 
86 

100 
115 

12K 
163 


I 


800,210 

6oo|264 


000 
400 
800 
600 

400I  S 
8oa|  5 
200' ic 

9oo|ii 

6oojac 
000!  23 


Table  V.    Safe  Loads  in  Pounds  for  Cedar,  Cyiiress,  Redwood,  ITorvra 
Pine  and  Wfaxtewood  Columns,  Round  and  S<tttare 


Sise  of  column 
in  inches 


4X6 

5^6  round. 

6X6 

6X8 

6X10 

7H  round. 

8X8 

8X10 

8X12 

9H  round . 

i»Xio 

»Xi2 

K^XI4 

iiH  round. 
12X12 

12X14 

12X16 

14X14 

16X16 

18X18 

20X20 


Length  of  column  in  feet 


8 


11 
12 

19 
25 
31 
24 
35 
44 
53 
o 

75 

87 

64 

90 

105 

120 

122 

160 

202 

250 


t 


520 

350 
oSo 
440 
800 
220 
450 
320 
180 
000 
500 
000 
500 
930 
000 

000 
000 

500 

000 

500 

000 


10 


10 

II 

18 
24 
30 
23 

34 

42 

51 
39 
55 
66 

77 
S8 
90 
105 
120 
122 
160 


550 
730 
216 
290 
360 
380 
300 
4S0 
450 
000 
400 
4S0 
560 
390 
000 
000 


12 


9800 
II  iSo 
17352 
23140 
28920 
22540 
33  ISO 
41440 
49730 
37860 
53960 
64800 
75600 
57  140 
79780 
93170 
000  106  300 
500  no  350 
000!  160  000 


14 


202500,202500 
250000*250000 


8700 

10490 

16490 

219S0 

27480 

21  660 

32000 

40  000 

48  000 

36800 

52520 

63000 

73SOO 

55800 

7S000 

91050 

104000 

loS  350 

143870 

202  500 

250000 


IS 


16 


18 


16050 
21  400 
26  760 
21  260 
31  420 
39230 
47140 
36230 
51800 
62  160 
72520  71 
55170  54 
77  180  76 
90050'  89 

I02  900'l0I 

107  400  [106 
1425901I41 
183  060  181 
250  000  250 


15 
20 
26 
20 
30 
3S 
46 
35 
51 
6t 


620 

830;   ... 
040    ... 

820|     ... 

850]  29 

560    37 

270    44 

730'  34 

o3o[  49 

300    59 

510   69 

550;  53  too 
S90 
020 
400 


700 
120 

544 

670 
640 
570 


320  74 
000  87 
700'  99 
400  104 
570139 
760  179 
000  224 


48 

.    57 

500I    67 

'  51 

72 

85 
97 


aoo 

&40 
480 
9SO 
860 

oooj 

150' 
300 


960'^ 


460 1 102 
260' xj6 
170. 176  S80U 
S00J221 


Eccentric  Loading  of  Wooden  Columna  4BS 

i.   Bcc«ntiic  Loading  of  WoodMi'ColuBUU 
jMinl  Piincipl**.    When  the  load  on  a,  short  column  or  post  ii  not  uUl, 
Is,  abco  the  column  supports  a  giider  oa  one  aide  only,  or  when  the  weight 
■OK  girder  ia  much  more  than  tbat  from  the.  others,  the  load  is  said  to  be 
[DTtlC^  and  the  diat&nce  f  rwn  the  point  of  application  oF  Ebe  load  to  the  axis 
kccJuma,  denoted  by  ^,  is  called  the  ECCENTsiCiry  of  the  bad.    It  b  evi- 
1  tbt  [he  stress  in  the  column  ffill  increase  with  p,  and  that  the  total  unit 
B  5,  oa  the  side  cf  the  column  in  which  the 
^non  Li  the  greatest,  wiQ  be  greater  than  for 
tfalaiu]  kad. 

hmtfa  tor  Eccentric  Load.  Suppose  the 
Dtii:  load  to  be  applied  as  shown  in  Fig.  1, 
I  ik  sectinaal  urea  of  the  required  square  or 
InfuUr  oriunm  may  be  cornputed  hy  the  fol* 
K«i«mula  (Sec,  also,  page  4SA): 
Hr  sectional   area   of  the  column  in   Square 

i-(P+P,)/S+6PiP/Si  (S) 

riicb  A  -  MCtioDal  area  in  square  inches 

P  "  concentric  load  on  column  in  pounds 

Pi  -  eccentric  load  in  pounds 

S-  sate  strms  in  pounds  per  square  inch 

p—  HUtjtif>  [roro  axis  oE  column  to  cen-  , 

ter  of  bearing  in  inches 
4  B  side  ol  column  parallel  with  girder,  in 

■anming  the  value  of  S,  the  probable  ratio  of 

iit  to  the  length  of  the  column  should  be  taken 

iKcount.     Thus  if  it  is  probable  that  the  length 

'H  mzed    ti    timea   the   side,    botb    being 

^ml  m  inchea.  for  oak,  long-lesf  yellow-pine  or 

^^hs-£r  ccdumns,  or  10  times  tbe  aide  for  other 

ifc  then  tbe  ralue  of  S  lor  short  columns  may 

bkea.    If  the  ratio  will  probably  be  greater    fig. 

Ilkii,thai  the  probable  ratio  should  be  roUKbly 

riaud  and  5  computed  for  that  ratio  by  the 

^k  pveo  for  columos  more  than  10  or  17  diameter' 

King  paragraphs. 

■■via  J.    The  lower  post  in  Fig.  t  supports  a  total  load  on  its  cap-plate 

1000  lb,  including  the  reaction  of  ii  000  lb  from  girder  ^.    What  should  be 

BKof  tbe  column  if  made  of  Douglas  fir  and  if  u  ft  in  height? 

Hh.    As  it  is  probable  that  the  column  will  have  to  be  10  in  square  S  may 

tra  from  Table  I.     With  a  factor  of  safety  of  5,  this  is  equal  to  4  500/5  — 

bpersqio.     Pi  -  u  000  !b,  if  -  10  in  and  p,  the  distance  from  the  axis  of 

*ian  to  the  center  of  bearing  of  the  girder-  7  in.    Then  from  Formula  (6), 

BdoBal  area  of  tlie  column  is 


!n  length,  as  noted  in 


I 


60000      6X  uoeox  7 


-66.6+56-1: 


454 


Strength  of  Columns,  Posts  and  Stnits  Chap. 


Hence,  the  eccentric  lotd  f fom  the  girder  incraHes  the  dfanoisioiis  o(  <he  en 

section  of  the  column  from  8  by  lo  to  ii  by  12  in. 

For  wooden  columns  having  a  length  of  over  12  diameters  for  Douglas  fir  1 
spruce  and  over  10  diameters  for  other  woods  the  safe  load  per  square  I 
should  be  found  by  using  Formulas  (3),  (4)  or  (5). 

Exampie  4.  What  size  will  be  required  for  a  white-oak  oolunm,  14  ft  in  len 
to  carry  a  total  load  of  56  000  lb,  x6  000  lb  of  which  act  as  an  eccentric  load  fi 
a  girder,  the  distance  from  the  center  of  bearing  of  the  girder  to  the  column  be 
2  in. 

Solution.  From  Table  11,  it  is  probable  that  at  least  a  la  by  to-in  cob] 
will  be  required,  so  that  S  must  be  calculated  .by  Formula  (2). 


1000—  10  X 


length  in  in 
breadth  in  in 


SSbbstituting, 


t "        -     •    - 

5  -  1 000-  10 X  —  -  832  lb  per  sq  in 

10 


Substituting  in  FermuW  (6), 

5&000      6X16000X7 
^   832    "^      833XXO 

equivalent  to  a  12  by  12-ii  column. 


68  +  80  »  148  sq  in 


C.  M«tti  Cips  and  Bolsters  for  Wooden  Columns 

Use  of  Metal  Post-Caps.  Whenever  wooden  posts  are  used  in  tiers, 
above  another,  each  post  except  the  top  one  should  have  an  iron  cap-p 
ind  the  upper  post  should  be  set  on  the  cap  of  the  post  below  and  not  01 
girder.  Where  a  wooden  post  supports  a  girder,  only,  a  wooden  bolster  nu 
used  m  place  of  the  cap  but  modem  approved  metal  post-caps  are  always 
Stable  to  wooden  bolsters.  Details  of  post-caps  and  bolsters  are  shon 
Chapter  XXII. 

7.  Crushing  of  Wood  PerpendicoUr  to  the  Grain 

Safe  Unit  Stresses.  The  bearing  of  wooden  girders,  the  ends  of  col 
resting  on  girders,  and  washers  on  truss-rods,  should  be  proportioned  so 
the  quotient  obtained  by  dividing  the  load  by  the  bearing  area  will  not  e 
the  safe  unit  stresses  given  in  Table  VI. 


Table  VI.    Safe  Loads  for  Wood  Perpendicular  to  the  Grain 


Kind  of  wood 


White  oak 

Long-leaf  yellow  pine. 

Douglas  fir 

Norway  pine 

White  inne 

Short-leaf  yellaw  pine 


Safe 

loads, 

lb  per  sq  in 


500 
3S0 
200 

300 

300 
S50 


Kind  of  wood 


Ssi 

loa 

lb  per 


Cedar.... 
Spruce . . . 
Hemlock. 
Cypress . . 
Redwood 
Chestnut 


a 
I 
a 
I 
3 


(  Caat-IroB  Coiumii«  4do 

8.  Catt*If<m  Colimms* 

Ciil-Iroii  Versus  Ste«l  Columns.  Althoiigh  sted  is  bemg  used  more  and 
iBcevtty  year  for  columns  in  buildings,  it  will  probably  never  entirely  supplant 
tat  ina  lor  buildings  of  moderate  height.  For  skeleton  construction,  however, 
Am  tlie  height  of  the  building  exceeds  twice  its  width,  riveted  steel  columns, 
■Ik  nveted  connections  with  the  beams  and  girders,  are  unquestionably  better; 
tt  fbr  the  larger  proportion  of  buildings  of  moderate  height,  cast  iron  will 
■baUy  have  the  preference  for  some  time  to  come  because  it  is  more  economi- 
bL 


I  mmwmmm^frm  ol  Csst-lTon  Coluouis.    The  commerdsl  advantages  which 
Bv  the  use  of  cast>iron  coiomns  are  these: 


^i;  Cheepoeaau  As  far  as  the  cost  of  production  is  concerned,  cast  iron  is 
kqier  than  steel.  This  consideration  alone  often  decides  in  favor  of  its  em- 
jfafvieat.  The  raw  material  is  easily  transported  as  pig  iron  is  sometimes 
ioQ^  over  as  ballast;  so  that  competition  with  foreign  countries  keeps  down 
kpdce. 

(^  AfaSahility.  Cast  iron  is  the  most  available  form  of  iron.  An  iron- 
OBshy  requires  no  very  elaborate  plant,  scarcely  more  than  a  few  furnaces 
Bid  sand  moldsy  and  moreover,  no  very  extensive  capital  is  required  to  operate 
t;  OMBequently,  the  product  may  be  obtained  in  almost  any  locality.  In 
ri&Bg-ffiiUs,  on  the  contrary,  the  machinery  must  be  very  heavy  in  order  that 
I  say  overoome  the  enormous  pressure  due  to  the  resistance  of  the  steel  in 
■t&Bg,  and  to  operate  it  requires  a  great  amount  of  power. 

U)  ftfdriif  B  with  Which  it  May  be  Obtained.  Columns  and  other  struc* 
BEil  members  if  made  of  cast  iron  may  be  obtained  much  more  quickly  than  if 
feKfe  ol  steeL  After  the  pattern  has  once  been  prepared,  a  dozen  castings  may 
ie  Bade  almost  as  quickly  as  one,  and  with  but  very  little  extra  cost,  except 
hat  oi  the  additional  raw  material  and  the  expense  of  remelting  it.  On  the 
itkr  hand,  columns  and  girders  built  up  of  rolled  sections  take  considerably 
biger  to  make.  Sections  can  be  punched  only  one  at  a  time,  and  if  they  do 
tt  happen  to  be  of  some  standard  length,  they  must  be  cut  and  fitted  separately 
tdatt  all  can  be  finally  riveted  together. 

(^  Ffevaical  Adrantagee.  Cast  iron  is  one  of  the  best  materials  to  resist 
mpression,  its  ultimate  compressive  strength  being  as  high  as  80  000  lb  per 
q  n  a&d  even  higher.  Moreover,  it  can  be  molded  into  almost  any  desired 
■m,  and  lugs,  brackets  and  flanges  may  be  cast  upon  a  column  all  in  one  piece 
Ns  greatly  simplifying  the  cost  of  erection.  In  fact,  the  ease  with  which  the 
KMm  and  girder-connections  can  be  made  is  one  of  the  chief  reasons  for  the 
Binlarity  of  cast  iron.  Finally,  it  resists  fire  better  than  steel  and  it  corrodes 
Bienily.  Because  of  this,  its  use  is  advocated  by  many  for  the  wall  columns 
I  skekton  structures,  as  these  columns  are  particularly  liable  to  corrode.  In 
he  Mutual  and  Manhattan  Life  Insurance  Company's  Buildings  in  New  York 
^,  far  example,  the  wall  columns  are  of  cast  iron,  whereas  the  interior  ones 
Rof  steeL 

DisadTsntages  of  Cast-iron  Coluains.  The  disadvantages  of  cast  iron  for 
xbmns  are  as  follows: 

(x)  Pkfsical  Diaadvaatagea.  Cast  iron  is  hard  and  brittle  and  cannot  be 
paached  or  riveted,  as  the  blows  required  in  driving  the  rivets  would  very  likely 
httmt  the  castings;  consequently,  all  connections  have  to  be  made  with  bolts. 
I  bolted  connection  even  imder  the  most  favorable  conditions  is  not  very  rigid, 

*  Sir«  atao.  Ompttf  xm,  pagei  445  to  447. 
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as  it  allows  more  or  less  lateral  movement,  which,  in  the  case  of  a  tall,  m 
building,  is  a  serious  matter.    Owing  to  the  low  tensile  and  shearing  strei 
cast  iron,  the  brackets  supporting  beams  and  girders  are  unreliable  and  reqi 
great  skill  in  designing.    (See  pages  445  to  447.) 

(a)  Defects  in  the  ^-^^'^c^  and  the  Plffleulties  of  Thorough  InspectiofL 
castings  themselves  are  subject  to  a  number  of  serious  defects.    In  the  fint  pi 
owing  to  the  shifting  or  floating  of  the  cores,  variations  in  the  thickness  of  hoi 
castings  are  not  infrequent;  in  fact,  it  is  very  difficult  to  avoid  them  even 
the  best  care  and  workmanship.    Moreover,  there  are  apt  to  be  cone 
cavities,  blow-holes  or  honeycomb,  and  foreign  substances,  such  as  cinders 
sand,  any  of  which  may  be  on  the  inside  of  a  casting,  where  a  careful 
tion  often  fails  to  reveal  them.    The  most  critical  condition,  however,  is 
due  to  the  uneven  contraction  of  the  metal  during  the  process  of  cooling, 
thin  parts  of  the  casting  cooling  and  contracting  more  quickly  than  the 
ones,  thereby  giving  rise  to  initial  stresses,  at  times  of  sufficient  intei 
to  fracture  the  casting  before  any  external  loads  whatever  have  been  plMJ 
upon  it.    In  many  cases  this  trouble  is  due  to  faulty  designing  or  to  carelessM 
id  handling  the  molds;  yet,  even  under  the  most  favorable  conditions,  it  is 
difficult  to  secure  equal  radiation  from  the  molds  in  all  directions  that  castin 
entirely  free  from  inherent  shrinkage-stresses  are  probably  seldom  producdl 


f .  Design  of  Cast-iron  Colunms 

Common  Forms  of  Cast-Iron  Columns.    Figs.  2,  3  and  4  show  soi 
common  forms  of  cross-sections  of  cast-iron  columns.    Columns  of  circular 
rectangular  cross-sections  are  alwajrs  made  hollow  and  the  diameter  should 
made  as  large  as  possible,  within  reason  of  course;  because  of  two  coIuxb 


Fig.  2 


i 


^^^zzz^^. 


i 


Fig.  4 


Figs.  2,  3  and  4.    Cross-sections  of  Cast-iron  Columns 

Iiaving  the  same  area  of  cross-section,  the  one  which,  within  certain  limits,  1 
the  greater  diameter,  and  consequently  the  thinner  shell,  is  the  stronger.  1 
maximum  thickness  of  shell  is  1^4  or  2  in,  because  of  the  difficulty  of  keep 
the  core  from  shifting  in  columns  of  greater  thickness;  and  the  minimum  thi 
ness  is  H  in.  The  latter  is  a  requirement  of  most  mimicipal  building  coc 
As  the  maximum  limit  of  diameter,  16  in  may  be  taken;  beyond  thi^,  built 
steel  columns  can  be  used  to  better  advantage  and  are  less  expensive.  '. 
minimum  diameter  permitted  by  most  building  codes  is  5  in,  and  the  unsuppor 
length  of  the  column  is  limited  to  2a  times  the  least  diameter. 

Hollow,  Cylindrical  Cast-Iron  Columns.  The  most  economical  font 
cross-section,  as  far  as  structural  requirements  are  concerned,  is  the  Hou 
CIRCLE  (Fig.  2).  This  form  is  generally  used  for  interior  columns;  but  for 
tenor  columns  it  is  not  so  desirable,  because  such  columns  cannot  be  bonded  : 
walls  so  readily,  and  do  not  present  the  same  facilities  for  the  design  of  the  bi 
and  girder-oonnections  as  columns  having  the  other  forms  of  croas-secti 


1)picd  CMiBBetiona  for  a  CjUndrkal  C>*t-Iran  Colnoui.  Fig.  5 
he  dfUik  of  ft  cyGDdiical  cast-iron  column  witb  typical  beam  and  girde 
■niini,  dkoensons  aud  specification- qotes.  (See.  i,ho.  details  o(  roonec 
pidttv  l»tr  ph  Irr.  etc.,  foi  cylindiical  coluroos  in  Chapter  XIII,  Figs 
id  7  lai  Tibk  m  of  ume  Chapter  J 


us  Strengtk  of  Colnnmi,  Posts  aad  Struts  Chap.  1 

Cut-boa  C«luiin«  with  HaOaw-Squkre  Cioaa-SMtloii.  The  columi 
next  m  point  of  economy  of  croae-section  are  tbo 
Triih  Uie  BOLLOW-SQUABE  CToas-section  (Fig.  3 
Tber  ate  eenerally  lued  Ibc  wall  rolumos  bccau 
it  b  euier  to  bond  them  into  the  muDiuy  thin 
tbey  hid  a  drculsr  Hclioa.  Columoi  of  hoUi 
rectaotulu'  ooM-iectioD  o(  unequal  udes  are  son 

Fk    a.    n  rtinriit   Cna-   ^^^  Ibund  to  be  more  available  than  those  of  iqua 

uctinBoICMt-honColiiiBa   «*«ion. 

The  H-Sbipa  Calnain  (Fig.  4)  ranVs  thiid 

nganl  to  ecooomy  ol  mateiHal.    It  is  particularly  well  ad^ted  foe  wall  colum 

in  skeletal  constniction  foi  the  fdlowing  reaaonl; 
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kdlfimsaRd,  tluit  obviating  a^y  necessity  for  drilling,  and  rendering  the 
^KCtioD  of  the  columns  much  easier. 

{})  The  entire  surface  of  the  oolumn  may  be  protected  by  paint. 
b)  When  built  in  brick  walls  the  masonry  fills  all  voids,  so  that  no  open  space 
kkft;  and  if  the  folnmn  is  placed  as  shown  in  Fig.  6,  only  its  edges  come  near 
be  ha  of  the  wall. 

(l)  Lo^  and  brackets  can  be  cast  on  such  columns  more  readily  and  effectively 
bi  oa  Q'findrical  ooltmms*  especially  for  wide  and  heavy  girders,  and  the 
neectioas  do  not  require  projecting  flanges,  which  are  often  in  the  way  on 
liodncal  columns. 

(5)  An  eccentric  load  may  be  applied  to  the  web  where  its  effect  is  less  and 
ihre  it  Is  more  evenly  distributed  than  when  it  is  applied  to  the  outer  rim  or 
bdl 
Betiib  of  connections  and  brackets  for  H-shaped  castJion  columns  are  shown 

»r«.7. 

Details  of  Conneetionf  of  CMt*Iron  G<ilttmiit.    The  bearings  of  a  cast* 

iron  column  should  always 
be  faced  true  to  the  axis  of 
the  column,  and  the  columns 
should  be  bolted  together  by 
ioor  H'in  bolts  foe  columns 
10  in- in  diameter  or  le8s»  and 
by  six  bolts  for  i3-tn  and 
larger  columns.  Faced 
plates^  as  shown  in  Fig.  5, 
are  inserted  between  the 
ilanges  of  columns  to  miake 
up  for  any  shortage  in  length 
and  also  when  a  column  of 
smaller  diameter  is  placed 
over  one  of  greater  diameter. 
For  convenience  in  erecting 
columns,  the  joint  is  gen- 
eraUy  placed  just  above  the 
beams  or  girders  supported 
by  the  columns. 

Projecting  Caps  and 
BsLses.    A.  column  with  or- 


Fig.  9.  Cast-iron 
Colomn  with  Cap 
and  Base.  Slight 
Projections 


f-  1   Cast-inm  Column  with  ^  

^odBae.    Wrong  Method     n^m^ntafcipTnd  bL»e'should 

>cr  be  cast  as  shown  in  Fig.  8,  that  is,  if  it  is  to  support 

had.    la  evety  bearing  column,  the  cote  should  extend 

a  stnight  line  from  end  to  end.    Plain  molded  caps  and  bases  may  be  cast 

id  IS  in  Fig.  9;  but  if  more  ornamental  caps  are  desired,  or  heavy  projecting 

le^  tfaey  shouki  be  cast  sepaiatdy  and  attached  to  the  straight  rohimns  by 


It.  Strength  ef  Cast-iron  Colnmne.    Foraolu 

htm^M  lor  Coat-Iron  Colmnns.  The  ultdcate  resistance  of  cast  iroi« 
Wfaiog  is  geoeraDy  taken  at  80  000  lb  per  aq  in,  and  for  posts,  pintels,  etc., 
m  tbe  length  is  not  more  than  six  times  the  diameter  or  breadth,  it  will 
Mr  be  safe  to  assume  a  working  strength  of  six  tons  per  square  inch  of 
H.  For  longer  posts  or  colunms,  the  strength  b  affected  by  the  ratio  of 
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length  to  diameter,  hut  to  just  what  extent  is  not  known  with  absolute  certai 
hence  all  formulas  for  columns  must  be  more  or  less  theoretical.    The  oo 
quence  is  that  while  a  great  many  formulas  harve  been  published,  there  is 
that  is  universally  accepted.    The  two  following  Formulas  *  (7)  and  (8), 
for  many  years  more  commonly  adopted  than  any  others,  as  they  appean 
agree  as  well  as  any  with  actual  tests. 

Formula  for  Hollow,  Cylindrical.  Cast-Iron  Columns  with  Square  End 
Ultimate  strength,  in  poimds. 


—  metal-area  X 


[  /  sq  of  length  in  in     \  1 

\        800  X  sq  of  diam  in  in/  J 


or 


Ultimate  strength,  in  pounds  ■> 


8oooOi4 
I  +h/8oodi 


in  which  il  is  the  area  of  the  cross^section  in  square  inches. 

*  The  tables  in  the  handbook  of  the  Cambria  Steel  Company  (1913)  are  bai 
Formulas  (7 )  and  (8),  and  they  were  adopted.in  some  building  laws.  They  are  base< 
the  form  of  Gordon's  formula,  which,  in  turn,  is  Rankine's  formula  with  <f ,  the  dii 
or  least  lateral  dimension,  substituted  for  r,  the  least  radius  of  gyration  of  the  cro 
tion.  Rankine's  formula  is  sometimes  referred  to  as  Gordon's  formula.  The 
obtained  by  these  formulas  will  be  slightly  in  excess  of  those  gWen  in  the  old  C 
building  law  (see  tabulation  in  this  footpnote),  and  considerably  less  than  those  per 
by  the  former  building  law  of  New  York  City,  S  ^  11 300 — 3o//r^  ^resenJ 
5  ■■  9000  —  4o//f.  '"'"^  *   '  ' 

In  1898  professor  W.  H.  Burr  made  an  analysis  of  the  zesolts  of  a  number  ol  < 
ments  on  full-size,  hollow,  cylindrical  cast-iron  columns  made  at  the  Watertown  A 
Mass.,  and  at  Phoenizville,  Pa.,  and  by  plotting  the  results  found  that  a  straig 
formula  having  the  equation  5  «  30  500*-  T6o//<f,  in  which  5  is  the  ultimate  st 
of  the  metal  per  square  inch  of  column-^irea,  represoited  the  average  of  the  j 
results.  With  a  factor  of  safety  of  4  this  would  become  S^  7 635  —  40 l/d  and 
factor  of  safety  of  5,  .S  «  6  xoo  —  32  l/d. 

According  to  Professor  Burr's  analysis  the  values  for  S  given  in  the  fourth  col 
Table  VII  represent  a  factor  of  safety  of  a  little  over  4  for  //tf>-3o,  and  of  nearV 

l/d  mi6. 

Formulas  for  finding  the  value  of  S  accoidang  to  the  former  codes  of  Chicago  suid  ] 


1 

Cylindrical  columns 

Rectangular  columns 

Old  Chicago  Code 

Old  Boston  Code 

1 
OH  Chicago  Code 

Old  Boston 

10  000 

10  000 

10  000 

10  000 

*  "^  600  rf» 

'  "^8ood« 

^       Sood* 

'  +  X066 

The  former  New  York  City  Building  Code  Formula  was 

5  »  II 300  — 30 //r 

Compared  with  the  results  of  tests  that  have  been  made  on  faO-stae  cast-iioa  ool 
has  been  shown  that  while  in  Chicago  a  factor  of  safety  of  8  was  allowed,  the  actis 
of  safety  was  a  little  over  4,  that  in  Boston  it  wisalightly  under  4,  while  in  New 
was  a  trifle  over  6.  The  formttiain  the  new  (1916)  Chkago  code  is  5  »  zo  000  - 
while  the  new  (1915)  Boston  code  gives  the  values  oi  S  for  l/r  from  xo  to  70. 

A  series  of  tests  on  full-size  cast-iron  columns  and  brackets  was  made  under  tl 
tion  of  Stevenson  Constable,  in  December,  1897,  a  report  of  which,  with  iUnsI 
may  be  found  in  the  Engineering  Record  for  January  8  and  22, 1898. 
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\  lacanla  for  Hollow,  Rectaagidar,  C«8t-Ir<m  Cohumis  with  SqtMre  Bads 
Ibatestrength,  in  pounds 


[/     .           sq  of  length  in  in         NT      ._ 
80000  +  1  1+  —T-^ , ,  ...    .    )         (S) 

\       1 067  X  sq  ot  least  side  m  my  J 


__,  .  ,    ,  ,  80  000  X 

Ultimate  strength,  m  pounds 


•tich  A  is  the  area  of  the  cross-section  in  square  inches 

Fonnila  for  Solid,  Cytindrical,  Cast-Iroa  Cohmins 

Ifaate  strengtli*  in  pounds 

.  Fft  sq  of  length  in  in     "I  .  , 

-  metal-areaX  I  80000+  i+    ^        ~J  r-^  (9) 

L  266  X  sq  of  diam  in  inj 

,„  .  ,    .  ,  8oooOi4 

Ultimate  strength,  m  pounds 


viKh  A  b  the  area  of  the  cross-section  in  square  inches. 

For  H-shaped  columns  use  formula  (7),  taking  d  as  the  least  side. 

twL  SATE  LOAD  is  generally  taken  at  one-eighth  of  the  ultimate  strength  or 

fetfog-load. 

bcatric  leading.     Cast-iron  columns  should  not  be  loaded  with  a  heavy, 

ttSTXic  ixxAD,  that  is,  a  load  applied  on  one  side  of  the  column  without  a 

topooding  load  on  the  other  side,  as  cast  iron  is  unable  to  resist  very  great 

Rfis^  stresses.     (See,  also,  eccentric  loading  of  wooden  and  steel  columns, 

)&  453  and  485.) 

U.  Tables  of  Safe  Loads  for  Cast-Iron  Columns.    Examples 

Kl|iaBatioii  of  Tables.  As  the  allowable  pressure  per  square  inch  of 
BU.  depends  upon  the  ratio  of  length  to  diameter,  without  regard  to  actual 
nsioas  (that  is,  it  would  be  the  same  for  a  column  6  in  in  diameter  and  12  ft 
E>  as  for  one  8  in  in  diameter  and  16  ft  long),  it  is  practicable  to  prepare  a 
le  which  will  give  the  value  of  the  terms  of  Formulas  (7)  and  (8)  inclosed  in 
ikets  for  all  ratios  of  diameter  to  length,  and  thus  simplify  very  much  the 
potatioQ  for  any  particular  column.  Table  Vn  has  been  computed  by 
DS  (A  Formulas  (7)  and  (8)  for  ratios  of  length  to  diameter  varying  from  8 
6,  and  the  same  result  will  be  obtained  by  using  the  values  given  in  this 
p  £5  by  using  the  corresponding  formula.  To  use  this  table  it  is  only  neces- 
to  divide  the  length  of  the  column  by  the  least  thickness  or  diameter,  both 
r^»»*,  and  opposite  the  number  in  the  first  column  of  the  table  coming  nearest 
be  qnotient,  find  the  safe  strength  per  square  inch  for  the  column. 
load  is  multiplied  by  the  metal-area  in  the  cross-section  of  the  column 
tfce  result  is  the  safe  load  for  the  column.  Examples  (5)  and  (6)  will  illus- 
tht  tise  of  Tables  VII  to  X. 

5.    What  is  the  safe  load  for  a  lo-in  hollow,  cylindrical  cast-iron 
15  ft  long;,  the  shell  bemg  x  in  thick? 

In  this  case  the  ratio  l/d,  which  is  the  length  of  the  column  divided 
;  both  in  inches,  is  18,  and  opposite  18  in  Table  VII  the  safe 
per  square  inch  for  a  cylindrical  column  is  found  to  be  7  117  lb.  The  metal- 
if  tbe  cohmin,  from  the  table  of  areas  on  pages  42  and  463,  is  equal  to  the 
if  a  lo-in  drde  minus  the  area  of  an  8-in  drcle,  or,  78.53  —  50.26  -■  28.27 
;  Multiplying  these  two  together,  for  the  safe  load  of  the  column  the  result 
^  sq  in  X  7  1x7  lb  per  sq  in  >  201  9x7  lb,  or  about  xoo.5  tons. 


462 


Strength  of  CoLumas,  Posts  and  Struts         Chap.  ] 


Tabl«B  VUI,  IX  and  X.  To  still  further  facilitate  compuUtions,  Tab] 
VIII,  IX  and  X,  have  been  prepared,  which  give  at  a  glance  the  safe  loai 
based  on  a  factor  of  safety  of  8,  for  columns  of  the  more  common  sizes  ai 
lengths.  For  lengths  between  those  given  in  the  tables  sufficiently  accun 
results  may  be  obtained  by  interpolation.  For  any  other  factor  of  safe! 
multiply  the  safe  load  given  in  the  table  by  8,  and  divide  by  the  new  fad 
of  safety. 

Example  6.    What  is  the  safe  load  for  a  9-in  hollow,  cast-iron  column 
square  cross-seqtion  12  ft  long,  the  shell  being  i  in  thick? 

Solution.  From  Table  IX,  the  safe  load  is  1 39  tons.  The  same  result  m 
be  obtained  by  using  Table  VII.  The  ratio  Iji  in  this  case  is  144/9  ■■  16  i 
the  corresponding  safe  load  in  pounds  per  square  inch  is  S  064.  The  area 
the  column  is  32  sq  in.  Hence,  the  safe  load  is  32  sq  in  X  8  064  lb  per  sq  ii 
258  048  lb,  or  129  tons,  which  agrees  with  the  safe  load  given  in  Table  DC 
the  same  column. 


TaUe  Vn.    Breaking-Loads  and  Safe  Loads  in  Pounds  per  Square  Incb 
for  Hollow,  Cylindrical  and  Hollow,  Rectangular,  Cast-Iron  Columns 

Calculated  by  Formulas  (7)  and  (8) 


Length  in 

Breaidng-weight  in  pounds 

Sa£e  loads  in  pounds  per 

inches  divided 

per  square  inch 

square  inch.    Safety- 

by  external 

breadth  or 

diameter 

factor  8 

Cylindrical 

Rectangtdar 

Cylindrical 

Rectanguls 

8 

74074 

75470 

92S9 

9433 

9 

72661 

74350 

9082  • 

9293 

10 

71 110 

73126 

8888 

9140 

ZI 

6950s 

71870 

8688 

8983 

12 

67800 

70487 

8475 

8  8X1 

13 

66060 

69084 

8257 

8635 

14 

64257 

67567 

8032 

84«6 

IS 

62450 

66060 

.      7806 

8as7 

16 

60606 

64516 

7576 

8064 

17 

58780 

62942 

7  347 

7867 

18 

56940 

61  360 

7  117 

7670 

19 

55  134 

59  745 

6892 

7468 

ao 

53  333 

58180 

6666 

7272 

ai 

5IS80 

566x0 

6447 

7076 

22 

49843 

SS  020 

6230 

6»77 

23 

48163 

53470 

6020 

6684 

24 

46512 

5x950 

S814 

6494 

2S 

44918 

SO  440 

5614 

63PS 

26 

43360 

48960 

5420 

6X20 

27 

41862 

47530 

5233 

5940 

a8 

40404 

461ZO 

5050 

5764 

29 

39000 

44  742 

4875 

5592 

•30 

37647 

43390 

4706 

54^4 

31 

36347 

42080 

4543 

5260 

32 

35090 

40816 

4386 

5  102 

33 

33884 

39580 

4235 

4  947 

34 

32720 

38380 

4090 

4797 

35 

3x606 

37244 

3951 

4655 

36 

30534 

36120 

3817 

4  5X5 
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iHi  VtQ.    Sat*  Load*  ia  Too*  ol  >  ooo  ponaia  for  HoMow,  C^iaddcal, 
'  -  igua  wla  Sqnan  Koda 
lula  (;).    Sairty-lKtor  3 


-iThick- 


Lcnglh  d1  colun 


lafHE 


66;    sr 

6i.   6i       il   4e 

8j,     ? 


» 

4! 
M 

t; 
f 

IS 

'" 

i 
J 

3« 

34* 

38 

S 

! 

as 

165 

i 
1 

1? 

30 

S 

65 

» 

i 

34: 

a 

ITS 

« 

ijj 

171 

]8> 

11 S 

164 

310 

1 

5 

u 

it, 

709 

is 

!fi 

l»o 

183 

i 

s 

! 

:T: 
z 

4i 

i 

«! 

81 

i 

1 

464 


Strength  of  Columns,  Posts  and  Struts  Chap.  ] 


Tattle  IZ.    Safe  Loads  in  Tons  of  a  ooo  Pounds  (or  Hollow,  Squats  snA 
Rectangular,  Cast-Iron  Columns,  with  Square  Ends 

Based  on  Formula  (8).    Safety>factor  8 


Size, 
in 


4X  6 
4X  8 
4X  9 
4Xio 
4X12 

SX  8 

SX  9 

SXio 

SXia 

6X  6 
6X  8 
6X  9 

6Xio 
6Xia 
6XXS 

7X  7 
7X  9 
7X12 

8X  8 

8XX0 

8X12 


Thick- 

ness. 

in 


H 

H 
H 
H 

94 
94 

94 
94 


94 


94 
94 
94 

9i 
94 
94 

94 

M 
94 

94 
H 


8 


41 
51 
S6 
6o 
70 

64 
8i 

69 
89 
75 
96 
86 
III 

63 

8o 

75 
96 
8i 

I04 

87 

112 

99 


80 

I03 
92 

"9 
III 


Length  of  column  in  feet 


10 


34 
42 

46 
50 
59 

55 
71 
6o 
78 
65 
84 
74 
97 

57 
72 
6S 
87 
73 
94 

79 

lOI 

90 


73 

94 

85 

109 

102 


124 

115 

148 

140 

109 

103 

141 

132 

170 

x6i 

122 

lis 

158 

148 

192 

X8x 

12 


129  I  116 
117  106 
153   138   X23 


38 

35 
39 

42 

49 

48 
6x 
52 
67 
57 
73 
65 
84 

51 
65 
60 

73 
6S 
84 

70 

91 
80 
104 
95 


67 

85 

77 

xoo 

93 


144  133  121 


95 


90  I  83 


129 

95 
122 

X48 


106 
138 
X67 


14 


4X 
53 
45 
58 
49 
63 
56 
72 

45 

57 
54 
69 
53 
75 

62 

80 

71 
92 

84 
X09 

61 
78 
70 
91 
85 
no 

77 

99 

119 

87 

113 

137 

98 
127 

154 


x6 


18 


20 


40  I 
SI  I 
47  i 
61  1 

51; 
66  . 

55 
71 
63 
81 

74 


35 

45 

43  ; 

54, 
43 
S8  , 

49  ' 
63 
55 
72  I 
66 


97  ,  85 

55  I  49 

70  ;  63 

63  I  57 

82  I  74 

77  I  69  I 
99 


44 
57 
51 
66 
62 


70   64 

91  '  83 
109  '  100 


24 


89  ,  80 ; 


59  49 
76  63 
91  76 


80 

.73 

67 

55 

104 

95 

86 

72 

125 

IIS 

105 

87 

90 

82 

75 

62 

xx6 

107 

97 

81 

142 

130 

1x8 

98 

Area  of 

metal, 

sq  in 


12.75 
15-75 
17.25 
18.75 
21.75 

17  25 
32.00 

18.7s 
24.00 
20.25 
26.00 
23  25 
30.00 

IS  75 
20.00 

18.75 
24.00 
20.25 
36.00 

21.75 
28.00 

24.75 
32.00 

29  25 
38.00 

18.75 
24.00 

21.75 
28.00 
26.25 
3400 

2X.7S 
28. 00 

33. 75 
24.7s 
32.00 

38.75 

27.75 
36.00 

43-75 


39.8 

49.3 

53.9 
$8.6 

66.0 


68.< 

87" 

77 

100. 1 

91 
1X8. 

58. 
68. 

87- 

82. 

X06 
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Talle  IZ  (CoiitiBn«d).    Safe  Load*  is  Tom  of  s  ooo  Pouadt  for  Hollow, 
Square  and  Rectancnlar,  Cast-Iron  Colunms,  with  Square  Bnds 

Based  od  Fonnula  (S).    Safety-factor  8 


1 

Lensth  of  column  in  feet 

Sie. 

Thick-  j 
oess,    , 

Area  of 
metal, 

■ 

Weight, 
lin  ft     • 

• 

to 

1 

in 

1 

-1 

10 
181 

13 

t68 

14 

x6 

x8 

20 

24 

sq  m 

IXrt 

1 

193 

155 

X42 

X30 

"9 

99 

44.00 

X37.5 

iW     . 

336 

221 

206 

190 

174 

XS9 

X45 

X2I 

S3  75 

x68.o 

♦X9 

9i 

III 

106 

99 

93 

86 

80 

74 

63 

24  75 

77.3 

X       ; 

144 

137 

129 

120 

XI2 

103 

96 

85 

32.00 

100. 0 

9XM 

1 

171 

162 

153 

143  ; 

133 

123 

114 

97 

38.00 

XX8.8 

iH    • 

ao9 

198 

x86 

174 

162 

149 

138 

1x8 

46.2s 

1445 

9X16 

I 

ao7 

196 

18S 

173 

161 

X49 

X38 

XX7 

46.00 

X43.8 

iVi 

254 

240 

236 

212 

197 

1S2 

z68 

143 

56.25 

175  8 

nXio 

X 

16s 

IS8 

ISO 

142 

133 

125 

X17 

lOZ 

36.00 

IZ2.5 

lU 

201 

193 

183 

172 

162 

152 

X42 

123 

43. 75 

136.7 

»XI2 

I 

I«4 

I7« 

167 

158 

148 

139 

129 

112 

40.00 

125. 0 

i    '^* 

224 

214 

204 

192 

i8x 

169 

158 

137 

4«-75 

152.3 

»Xi5 

1 

X 

211 

ao2 

192 

x8x 

X70 

x6o 

X49 

129 

46.00 

X43  8 

!      iM 

258 

247 

235 

322 

209 

195 

182 

158 

56.25 

175  8 

m(36 

•       X 

220 

211 

300 

189 

X78 

167 

155 

135 

48.00 

X50  0 

'      xH 

270 

258 

245 

232 

218 

204 

190 

165 

58.75 

183.6 

VXxS 

'        X 

239 

228 

217 

205 

193 

i8x 

x68 

146 

52.00 

162.5 

t      xM 

293 

1 

a8o 

266 

251 

236 

23X 

207 

179 

63.75 

199  2 

BXio 

'      x 

'  257 

246 

234 

33X 

208 

194 

I8x 

157 

56.00 

175-0 

iH 

316 

302 

287 

27X 

255 

239 

223 

193 

63  75 

214  9 

»X24 

r 

394 

281 

267 

252 

237 

222 

207 

iSo 

64.00 

20D.0 

1^4 

362 

346 

329 

311 

392 

274 

255 

221 

78.75 

246.x 

UXZ3 

1 

183 

177 

171 

164 

156 

X49 

X4I 

126 

3890 

121. 7 

X 

207 

aoi 

193 

18s 

177 

16S 

159 

142 

44.00 

137.5 

1      iH 

2S3 

245 

236 

223 

2x6 

206 

195 

174 

S3. 75 

16S.0 

ifi 

296 

3SS 

277 

265 

253 

241 

228 

204 

6300 

196  9 

aXi5 

I 

•  235 

228 

220 

211 

201 

191 

I8X 

162 

50.00 

156.3 

iH 

288 

280 

269 

258 

246 

234 

222 

198 

61.25 

191.4 

9Xx6 

X 

245 

237 

238 

219 

209 

X99 

18S 

16S 

52. c» 

X62.5 

IX  x8 

X 

263 

256 

246 

236 

225 

214 

203 

181 

56.00 

175  0 

IX  ao 

X 

2B2 

'  274 

264 

253 

241 

239 

2X7 

194 

6o  00 

187  5 

iXM 

X 

320 

310 

299 

287 

274 

260 

246 

220 

63. 00 

212.5 

IX16 

X 

268 

261 

254 

246 

23S 

229 

219 

230 

56.00 

175.0 

iXao 

X 

307 

29s 

290 

33l 

272 

26[ 

250 

23S 

64.00 

200.0 

1X24 

X 

345 

XI6 

326 

316 

306 

294 

280 

257 

72.00 

235.0 

iXi6 

X 

300 

284 

278 

271 

264 

256 

247 

229 

60.00 

187.5 

1X24 

X 

380 

360 

352 

344 

334 

324 

313 

291 

76.00 

237. 5 

IX  iS 

I     > 

340 

340 

320 

314 

307 

299 

291 

274 

68.00 

313.5 

IXJO 

X 

JBO 

380 

361 

3S6 

349 

342 

334 

317 

76.00 

237.5 

«xm 

X 

420 

420 

399 

393 

386 

378 

369 

3SX 

84.00 

262.5 

96 
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Table  X.    Sal*  Loads  ia  Tooa  of  a  ooo  Pounds  for  H-Slmpad, 

Colamiia 

Based  on  Formuta  (7)-    Safety-factor  8 


Chap.  1^ 
Caat'lMA 


Size, 
in 

Area  of 
metal. 

Length  of  column  in  feet 

1 

{1  I     >-'V.' 

^^^  ^N  >  "\»> 

(1 

in 

V 

* 

tr^ 

1^ 

a       b       t 

10 

13 

13 

14 

' 

> 

*" 

t 
•  — 

h        m 

6X  6X  H 

i2^i 
16 

41 
53 

36 
46 

33 
43 

3X 
40 

z 

iH 

19H 

64 

56 

52 

48 

15 

16 

x8 

30 

6X  8X  H 

13H 
18 

46 
60 

40 
53 

37 
48 

34 
45 

I 

iVi 

21H 

73 

63 

59 

54 

7X  7X1 

19 

69 

63 

58 

55 

■ 

53 

49 

43 

38 

iW 

23H 

84 

75 

.71 

67 

63 

59 

53 

46 

7X  9X1 

31 

76 

66 

64 

61 

57 

54 

48 

43 

iW 

35H 

93 

83 

79 

74 

70 

66 

59 

51 

8X  8X  H 

i6]Ji 

66 

60 

57 

54 

5X 

49 

44 

39 

1 

32 

86 

78 

74 

70 

67 

64 

57 

$» 

iH 

36Ji 

lOS 

95 

91 

86 

83 

78 

70 

51 

8X10X1 

34 

93 

85 

81 

77 

73 

69 

63 

56 

iH 

29H 

114 

X04 

99 

94 

90 

85 

76 

69 

iW 

Z4H 

134 

133 

"7 

III 

105 

xoo 

89 

81 

9X  9X1 

as 

I03 

94 

91 

87 

83 

79 

73 

66 

iV4 

30^6 

las 

1x6 

XII 

106 

103 

97 

89 

«» 

iH 

36 

147 

136 

130 

125 

120 

X14 

104 

95 

9X10X1 

36 

106 

98 

94 

90 

86 

83 

75 

^ 

iVi 

31^/6 

130 

130 

115 

III 

106 

XOI 

92 

84 

iV4 

37^i 

153 

X42 

136 

130 

125 

XI9 

X08 

9» 

loXioXi 

38 

1X8 

XIZ 

107 

X03 

99 

95 

88 

8x 

iH 

34H 

145 

136 

131 

127 

X22 

137 

loS 

zoo 

iM 

40H 

171 

160 

155 

149 

144 

138 

128 

Z17 

iH 

46H 

196 

184 

177 

171 

165 

158 

X46 

134 

10X12X1 

30 

127 

119 

115 

III 

106 

I03 

94 

87 

iM 

36'^i 

IS6 

146 

141 

136 

131 

X26 

X16 

xU 

iVi 

43^^ 

184 

172 

166 

160 

154 

148 

137 

iH 

49H 

311 

198 

191 

X84 

177 

170 

157 

Z44 

3 

56 

336 

233 

214 

207 

199 

191 

176 

Z63 

12X12X1 

34 

151 

X44 

140 

136 

133 

138 

X2t 

ZZ3 

iW 

41^/6 

186 

177 

172 

X67 

163 

158 

X49 

139 

1^6 

49^3 

830 

309 

303 

"198 

193 

187 

177 

i<S 

iH 

S6H 

353 

241 

334 

327 

331 

3l6 

302    JJBl^ 

2 

64 

384 

371 

363 

256 

349 

343 

227 

aii 

l2Xi4XlU 

44H 

197 

188 

183 

X77 

173 

x68 

I5S 

Z48 

iVi 

S2^i 

233 

333 

3X6 

310 

304 

X99 

186 

Z74 

iH 

6o^i 

368 

255 

348 

341 

335 

338 

214 

901 

2 

68 

303 

388 

280 

373 

36s 

357 

241 

336 

2U 

75H 

335 

319 

310 

3OX 

293 

385 

268 

251 

' 

" 
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ITm  of  Steel  Columns,  Struts,  Trusses,  etc  Owing  to  the  many  ad- 
ttta^  of  built-up  steel  columns  over  cast-iron  columns,  especially  for  all 
idffings,  and  to  the  great  reduction  that  has  taken  place  in  the  cost  of  steel 
■stroction,  built-up  columns  are  now  very  extensively  used  in  buildings  of 
RB  moderate  height;  and  for  skeleton  construction,  or  for  buildings  exceeding 
B stories  in  height,  they  are  certainly  much  to  be  preferred  to  cast-iron  columns. 
iled  tntssesy  also,  are  now  much  more  commonly  used  in  buildings  than  in 
maa  >iears,  so  that  the  architect  must  have  at  hand  data  for  designing  them 
ad  iat  computing  their  strength.  In  the  following  pages  the  author  has  en- 
bvoccd  to  cover  the  subject  of  columns  and  struts  quite  completely,  to  furnish 
Kit  data  as  will  enable  the  designer  to  decide  upon  the  shape  <k  column  or 
tri  it  is  best  to  use,  and  also  to  determine  the  sizes  and  sections  of  such  col- 
9DS  vith  the  least  labor. 

T^pes  and  Forms  of  Steel  Columns.  The  following  are  cross-sections 
f  tlM  majority  of  steel  columns  in  general  use,  arranged  in  the  order  of  their  sim- 
Idty  of  ooostruction,  that  is,  the  number  of  rows  of  rivets  they  require: 


Bethlehem  H  col- 


umn 


No  rivets 


Channel-column 
with    plates    or 
lattice-bars 
Four  rows  of 
rivets 


Lally    steel-con- 
crete column 
No  rivets 


Plate-and-angle 

column 
Two  rows  of 
rivets 


Plate-and-angle 
column  with 
side  plates 
Six  rows  of  rivets 


Box  column 
Eight  rows  of 
rivets 


CsosMenrtions  Ooreming  the  Selection  of  Steel  Columns.  There  are 
aiderations  other  than  simplidty  of  construction  which  sometimes  govern 
i  sdection  of  a  column.  Some  of  the  most  important  of  these  are  explained 
Ac  foOowing  paragraphs: 

;i)  Cost  and  Availability  of  Matorial.  I  beams,  channels,  plates  and  angles 
I  the  most  common  commercial  sections.  They  are  easily  rolled  and  are 
B^iacttired  by  all  of  the  large  mills.  They  are  reasonable  in  price  and  may 
**— w^r^  promptly  in  large  numbers  in  any  locality  where  a  steel  building  is 
4r  to  be  erected.  Patented  sections,  or  the  product  of  one  mill,  do  not,  aa 
ri^  foifiO  these  conditions. 


4G8  Strength  of  Columns,  Posts  and  Struts  Chap.  1^ 

(a)  Amoimt  «f  tabor'  Ra^tnind  mad  VmdOty  Willi  Which  it  c«a  be  Puflbrmad  fa 
Sliop  and  Field.  In  the  shop  the  complexity  of  the  column-section  and  tin 
number  of  pieces  of  which  it  is  composed  greatly  affect  the  cost  of  labor.  ^ 
there  are  numerous  small  pieces  such  as  lattice-bars,  splice-plates,  etc.,  eac 
of  which  requires  cutting  and  fitting  together,  with  frequent  handling,  the  cos 
b  proportionately  great.  The  cost  of  a  column  depends,  also,  largely  upon  th 
number  of  rivets  required  and  whether  they  can  all  be  driven  by  machine  s 
as  to  avoid  the  slower  and  more  expensive  hand-riveting.  The  same  genen 
remarks  apply  to  labor  in  the  field;  the  connections  should  be  as  simple  s 
possible,  the  rivets  easy  of  access  and  as  few  in  number  as  is  consbtent  wit 
strength. 

(3)  SimiiUcity  of   Connectiona   Between  Column  and  Supported  Member 

Thb  is  quite  an  important  consideration  in  the  design  of  a  large  building  ao 
sometimes  governs  the  choice  of  the  section  to  be  used.  Where  there  are  foi 
beams  to  a  column,  on  opposite  sides,  and  all  of  the  same  height,  a  satisfactoi 
connection  can  be  made  with  almost  any  section;  but  where  the  beams  ai 
spaced  irregularly,  both  in  regard  to  position  in  plan  and  to  height,  and  who 
eccentric  loads  must  be  provided  for,  it  is  very  important  that  the  section  • 
the  column  itself  afifords  as  great  an  opportunity  as  possible  for  the  connectioi 
of  the  beams.  In  thb  respect,  possibly,  closed  sections  are  inferior  to  op( 
sections  having  a  central  web. 

(4)  Adaptability  to  Connectionfl  Which  Transfer  Compressive  OUeisi 
Directly  to  Axis  of  Column.  In  thb  respect,  also,  sections  of  an  open  oodMr^ 
tion,  in  which  the  girders  transmit  their  loads  almost  directly  to  the  centii 
axb  of  the  colimm,  thus  avoiding  the  disadvantage  of  eccentric  loading,  a 
superior  to  those  of  a  closed  construction. 

(5)  Adaptability  to  Changes  in  Thickness  of  Metal  in  Members  of  Colunui 
to  Suit  Different  Loads  In  Different  Stories.  It  b  npt  desirable  to  make  tl 
columns  carrying  the  upper  floors  of  a  building  very  small,  since  the  beams  al 
girders  supporting  the  upper  floors  are  usually  of  the  same  dimensions  as  tlio 
of  the  lower  floors  and  consequently  require  just  as  heavy  and  secure  conne 
tions.  It  b  almost  impossible  to  make  such  connections  with  small  oolumi 
and  consequently,  in  order  to  reduce  the  area  of  a  column  in  proportion  to 
lighter  load  to  be  carried,  it  is  better  to  reduce  the  thickness  of  the  materj 
used  and  to  keep  the  general  dimenwons  of  the  section  the  same. 

(6)  Adaptability  to  Fire-Pioof  Covering.    Closed  sections  in  general  can 
more  compactly  fireproofed  than  open  sections. 

General  Considerations  Affecting  the  Choice  of  Steel  Colitiiuw.    U; 

almost  impossible  to  say  that  any  one  of  the  foregoing  types  of  steel  colam 
b  superior  to  the  others.  Each  has  its  own  good  points,  and  the  column  wfaK 
section  has  theoretically  the  best  distribution  of  material  may  not  always 
the  best  one  to  use,  because  of  the  eccentric  loads  to  be  carried,  or  because 
other  conditions.  The  choice  in  most  cases  ^'iU  depend  upon  the  personal  vie 
of  the  designer,  as  well  as  upon  the  local  conditions  as  to  cost  and  numufacts 
promptness  of  delivery  and  the  detaiU  of  the  problem.  Further  descriptii 
of  the  different  columns,  and  also  the  special  advantages  claimed  for  thieBi, 
given  in  the  following  pages. 

Steel-Column  Connectiona.  When  steel  colunms  were  first  designed  it  1 
customary  to  use  cap-plates  to  connect  the  story-lengths,  and  the  beajoaa 
girders  often  rested  upon  these  plates.  In  modem  practice,  however,  the  < 
umn-joint  is  generally  placed  just  above  the  beams  and  girders  for  coavenie 
in  erection  and  the  plates  are  often  omitted     The  columns  are  closely  61 
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tietfaer  with  milled  ends,  and  splioe-plates  are  riveted  to  the  sides  or  flanges 
shown  in  tbe  illustrations  of  typical  steel-column  details.  Figs.  17  and  18. 
ii  it  b  impossible  in  these  pages  to  include  the  subject  of  column-connections 
k  anything  but  a  general  way,  the  only  attempt  that  has  been  made  in  this 
irectioa  is  to  illustrate  common  forms  of  connections  that  have  been  used  with 
Maeat  kinds  of  columns.  These  will  be  found  in  the  description  of  columns 
B  the  foQowing  pages. 

loaWr  of  Siveto  Required.  No  genera]  rule  can  be  given  for  the  number 
of  rivflts  and  size  of  the  bradtets  reqiured  for  column-connections,  as  the  loads 
b  be  sopported  vary  in  different  buildings  and  in  different  parts  of  the  same 
bttbfiqg.  The  number  of  rivets  required  in  each  connection  must  therefore 
be  deterauned  by  the  rules  given  in  Chapter  XII  for  designing  riveted  joints. 
Cosaedions  for  single  beams,  however,  will  generally  require  the  same  number 
of  nvets  as  are  given  for  beam-connections  (Chapter  XV,  page  6x7).  The 
aOowible  stress  for  rivets  in  column-connections  is  generally  taken  at  xo  000  lb 
per  sq  h  for  single  shear  and  18  000  or  ao  000  lb  per  sq  in  for  bearing.  (See 
Tables  II  and  III,  pages  418  and  419,  Chapter  XII.) 

SfMOf  «f  Sirets.  Steel  columns  fail  either  by  deflecting  bodily  out  of  a 
traisfat  fine  <^  by  the  buckling  of  the  metal  between  rivets  or  other  points  of 
■ppoct  Both  actions  may  take  place  at  the  same  time,  but  if  the  latter  occurs 
aboe,  it  may  be  an  indication  that  the  rivet-spadng  or  the  thickness  of  the  metal 
■ianffident.  The  rule  has  been  deduced  from  actual  experiments  upon  riveted 
mlootts  that  the  distance  between  centers  of  rivets  should  not  exceed,  in  the 
be  of  stress,  axteen  times  the  thickness  of  metal  of  the  parts  joined,  with  a 
■anmum  spacing  of  6  in,  and  that  the  distance  between  rivets  or  other  points 
of  npfiort,  at  right-angles  to  the  line  of  stress,  should  not  exceed  thirty-two 
^nes  the  thickness  of  the  metal.  The  usual  practice  in  designing  columns  is 
to  9KC  the  rivets  the  minimum  distance  on  centers  at  both  ends,  for  a  length 
E|al  to  twice  the  least  dimension  of  the  colunm,  with  the  maximum  spacing  of 
iiabcti 


8tMi-Pfpe  Coliuniis.*  Steel-pipe  colunms  are  used  for  interior  construction 
)i»  carry  beams  and  girders  supporting  floors,  walls  and  chimneys  in  all  classes  of 
■il&fs,  sich  as  tenements  and  apartment-houses,  factories,  garages,  churches, 
Mnhoifss,  etc.  A  particular  demand  for  steel-pipe  columns  is  at  the  angles 
(  shov-wioiows  in  mercantile  buildings.  In  buildTogs  of  moderate  height 
he  loor-joists  are  usually  supported  by  the  adde  walls  and  the  columns  have  to 
Bpport  ooly  a  relatively  ligfit  wall  above.  For  Sich  places  wrought-steel  pipes 
Uj  be  advantageoualy  used  for  the  columns.  They  may  be  used,  also,  for  the 
ibmos  supporting  the  roof  of  one-story  buildings.  In  the  Borough  of  Brook- 
fn,  New  York  City,  pipe-columns  were  formerly  calculated  by  the  formula 
I  ■  14  ooo~  80/^r,  in  which  5,  /  and  r  have  values  as  explained  below  for  New 
roik  and  Chicago  formula.  If  the  columns  are  filled  with  concrete,  the  area  of 
he  cross-section  of  the  concrete  is  multiplied  by  503  and  the  product  added  to 
he  load  supported  by  the  pipe.  (See,  also,  page  477  and  the  Tables  on  page 
|6).  This  formula  gave  a  factor  of  safety  of  four.  New  York  and  Chicago 
wJes  now  use  the  formula,  5  -  16000—  yol/r  in  which  5  is  the  permissible 
■it  fiber-str^s,  /  the  length  in  inches  and  r  the  radius  of  gyration  of  the  cross- 
Kt»c  of  the  pipe.  This  gives  a  carrying  capacity  greater  than  the  former 
bmias    cave.       In     Phikidelphia,    pipe-columns     are     allowed    to    carry 

I 

fUaA  vmhiable  data  relating  to  steel-pipe  columns  was  furnished  the  editor-in-chief 

V.CPaUezsoa  and  J.  A.  McCuUough  of  the  National  Tube  Company,  PitUburgb, 
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Chap.!^ 


about  6%  more  than  h  allowed  in  New  York.  Wbere  pipe-colnmns  are  (ille 
with  concrete  the  cast  cap  and  base  are  secured  to  the  pipe  in  each  case  by  cot 
Crete  which  is  reinforced  internally  by  a  pipe  of  smaller  diameter.    WKei 


Fig.  10.    CoanectioDs,  Capa  and  Bases  for  Steels>ipe  CdiuaBa 


these  steel^pipe  columns  6Hed  with  concrete  are  used,  care  should  be  ti 
that  the  pipes  are  entirely  filled,  and  that  there  are  no  air-spaces  in  tlie  cota^ 
These  concrete-fiUed  columns,  sometimes  reinforced  with  smaller  pipe««   1 
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fhife  ciTTTfng  eapadty.  Ptpe-cohimiu  msy  have  (heir  supporting  power 
■bou!  doohled  in  many  csacs  by  concrete  GHing.  (Ser,  also,  paragraph  on  Lally 
Cdonmf,  page  477).    One  tyiie  of  steel  poit-cap  uaed  io  connection  with  pipe. 


i 


Fig.  II-    CauuctioBi,  CaptAKl  Buaba  SUd-pJpe  CoIuam 


oiTT  wooden  girders  b  shown  In  Figs.  6£  uid  63  of  Chapter  XXII. 
many  other  torms  of  cut  and  wrou^t  caps  lor  [ripe-columns.  TIk 
iRipeT  caps  and  bases  is  tbe  most  difficult  part  of  adapting  tabular 
.  practical  problema  En  buildint-constructiDn.     Figa.  10  and  II  show 
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various  forms  of  steel-pipe  column-connections,  caps  and  bases  suffidentlj*  t 
gestive  to  enable  a  designer  to  properly  develop  their  details. 

Advantages  of  Steel-Pipe  Columns.  A  wrought-steel  pipe  when  u 
as  a  column  generally  has  the  following  advantages: 

(i)  It  will  support  a  greater  load  per  square  inch  of  cross-sertion  than  i 
other  shapes  and  styles  of  mild-steel  columns  of  the  same  slenderness-ra: 
l/r,  for  most  of  the  columns  of  different  slendemesa-ra'Jos  recently  tested  (i 
and  1909)  at  the  Watertown  Arsenal. 

(2)  Its  section  has  the  greatest  possible  least  radius  of  gyration,  r, 
the  same  outside  diameter  and  section-area.  This  makes  pipe-columns  e 
cially  advisable  when  it  is  desired  to  obstruct  the  view  as  little  as  possible,  a 
the  corners  of  show-windows,  in  balcony -supports,  etc. 

(3)  It  may  be  used  with  greater  slendcmess- ratio,  //r,  than  any  other  seel 
without  reducing  the  load  per  square  inch  in  order  to  conform  to  permiss 
loading- rules,  such  as  those  of  the  New  York  City  and  the  Chicago  buii< 
codes. 

(4)  Its  curved  wails  permit  the  use  of  relatively  thinner  material  thani 
be  used  with  columns  with  flat  surfaces;  that  is,  its  thick nes.s  /,  divided  by 
outside  diameter,  rf,  may  be  l/d  -  Ho  with  as  great  security  from  wrinklj 
called  also  buckling,  bulging  or  local  failure,  as  the  box  column,  wl 
good  practice  of  competent  engineers  limits  to  Ho  of  the  unsupported  wj 
of  flat  surfaces.  The  ratio  l/d  -Ho  -  V4'72o"  is  about  the  limit  of  practic 
working  of  the  ordinary  lap-weld  process,  and  all  commercial  pipes  have  a  smi 
ratio. 

(5)  Manufacturers  are  now  regularly  making  pipes  for  sizes  up  to  and  inc 
ing  16  in  outside  diameter,  in  lengths  up  to  40  ft. 

Notes  on  the  Use  of  Steel-Pipe  Columns.  The  following  general  n 
and  suggestions  should  be  observed  in  the  use  of  steel  pipe  for  columns: 

(1)  As  in  the  case  of  columns  of  any  construction,  it  is  obvious  that  c 
petent  designing  and  detailing  as  well  as  proper  fabrication  of  the  end-ccn! 
TiONS  for  pipe-columns  be  insisted  upon.  Otherwise  the  advantages  of 
circular  section  may  be  nullified. 

(2)  When  the  loading  must  be  eccentric  care  must  be  exercised  in  the  pr 
selection  and  size  of  pipe  to  be  used.  The  relative  economy  in  the  use  of 
circular  section,  however,  increases  with  the  length  and  slcndemess  of  the  colu 

(3)  A  capital  or  base  should  never  be  screwed  to  a  pipe,  because  cut 
the  thread  reduces  the  section.'    Where  screw-threads  must  be  used,  only 
area  below  the  root  of  the  threads  should  be  considered  as  available  for  the 
porting  power. 

(4)  The  ends  of  a  pipe  to  be  used  for  a  column  should  always  be  paced 
in  a  lathe,  the  facing  being  normal  to  the  general  axis.  A  pipe  should  ne 
turned  nor  bored  in  fitting  capitals  or  bases  but,  if  possible,  the  capital  or 
should  always  be  forced  or  shrunk  to  an  even  bearing  on  the  faced  end  o 
pipe.  Where  the  capital  or  base  must  be  inserted,  it  is  liable  to  start  a  yen 
or  buckle  and  the  load  should  be  adjusted  to  the  probable  lessening  of  suppui 
power.  The  bearing  surfaces  in  capitals  and  bases  should  be.  of  course,  ah 
LATUE-FACEO.  It  may  be  found  that  with  careful  foundry -work  it  is  not  n 
sary  to  bore  the  castings;  but  it  may,  in  some  cases,  be  cheaper  to  use  relati 
poor  foundry-work  and  bore  the  castings,  as  well  as  face  the  seats. 

(5)  Pjn-ends  or  ball-and-sockht  ends  are  generally  preferable  to 
or  fixed  ends  for  a  slendemess-ratio  //r,  of  100  or  less,  because  tests  show 
columns  so  fitted  usually  carry  heavier  loads  before  failure.    This  is  increasi 
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Cl  K  I/r  deoeaws.    Any  lofm  of  end-connection  o(  column  th»t  ma; 
I  Sciure  from  ■  falling  Door  may  endanger  the  yihiAe  Mructure. 


El] 


m 


H 


Tii.  II.    CcnuwctkHU  foi  BetUehcm  H  Coliimiu 

^  "AH  colimms  should  have  su£cieat  stiffness  to  safely  withstand  the 
tee  deflection  forces  lo  which  they  may  be  ejcpoi^d.  This  usually  involves 
Mmiiaiii  of  eccentridcy  ai  ireil  as  of  Qeiure  i 
B  "It  ii  desirable  to  adhere  aliKiys  to  the  ti 
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ES.eLc.,  aiid  Kvoid  special  production  which  uiually  entiili  delays  and  tp 

I)  Table!  XII  and  XIII  give  the  »le  loads  which  ETAKDARD 

cl-pipt,  columns  arc  pennitted  to  cany  under  (he  New  Yotk  m 
Chicago  codes.    Philadelphia  laws  permit  sightly  gr 
loads-     Supplemenlaiy  Uhles  oF  safe  loads  For  : 
EXTRA  STKONG  stcel-pipt  coliunns  are  Curai<hed  by  ■ 
manufacturer  and  may  be  useful  in  cases  whi 
eler  is  required;   but  it  should  ht  n 
that  such  pipe  always  costs  more  per  pound,  owing  lo 


:ofR: 


oufaci 


^^  _^     J       H-Beam  and  I-B*ani  Struts  and  Column*.    1 

"SithichemHColunlli    »tf"t'  ""■  ™1"'""5  carrying  light  loads,  H 

Aica  require  very  little  riveticig  etcept  for  the  splices  an 

connection!.    Owing,  however,  to  the  narrnw  flanges  c 

even  the  deepest  I  beams  it  is  not  practicable  to  rivet  very  heavy  girders  to  tbea 

DOT  can  they  ordinarily  be  riveted  to  the  web,  because  the  latter  il  gderaUy  i 


Xi 


w 


^ 


Fig.  K.    Cancrcte-fillcd  Lally  Stul  Colunm  Fi«.  11.    Lilly  Columa.     Typk, 
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I  Mitk«n  Colnnoa.     As  far  u  ihofi-iMik  ts  cormnied  tlK 
remn'trc  just  oi  ecoDomkal  u  tha  ordinary  B-bonn  or 
Vam  (nliuniB  as  tbey,  aba,  ire  roUod  and  not  biolt  np 

ruKobU.  The  only  fabricalion  nquired  is  that  for  the 
^iniiita  and  connections.  Typical  conaectfons  are 
ton  in  Fig,  12  from  which  the  ^mplidty  of^etail  and 
■diDiwiait  of  labiicatkin  required  are  npfa^ent.     They 


H 


nW  daaso  for  attaching  the  beams  and   gilders,  besides 'l>eing 


TYPICAL  ANGLE-COLtMN 
Lrioa  CD  maioTuy  Bearing  on  atetJ 

Fit.  IT.*    CODMCtfon  for  Sted  PUte^nd-angtc  CUumJia 
ron  Pocket  CoMtwiiaB,  Cunc^  Suel  CoopHT.  FKtriiiargh,  Pl 
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Das-sectioD.  Bethlehem' cuhuniu-Ma  Tolled  in  Bvv  siM 
6,  8.  ID,  13,  and  14  inHd-iiMlJi,  but-by-vreading  the  rolls,  si  ibomi  i 
Fit,  13,  the  Kction-ar«*  «t  each  width  can  be  iacrnaed  coasidenbly.    Hi 


>  TTPTOAL  STLiaa 


TYSICAL  CHANNEL-COLUMN  TVTICAL  SPLICE 

Botriug  DO  steel  Chianel-coJaiiuH,  cUferakt  ■ 

Fig.  IS.*    ConiKctiou  Cor  Steel  PLiU-ud-chiinael  ColDmnt 

■edion-arauof  columnEof  the  largest  size  may  also  be  incnased  by  riveting  t 
[^tes  to  the  flaoges.  Tables  of  duenscdnS  and  pbopeeIieS  of  Bethlel 
rolled  sleel  columns  and  of  the  sme  loads  they  will  cariy  are  given  in  TJ 
XVtIt  to  XXI.  Although  these  columns  have  beea  lolled  in  Gennany  i| 
•  Fim  PKlset  CoBpaalaii.  Cunijie  Ktal  ConnaBy,  Pituliwih.  tm. 
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909^  it  ms  not  nntU  the  estabKahment  in  1908  of  the  larger  improved  mills 
<HfthHirm,  Pa.,  that  these  sectiona  became  available  for  use  in  this  country. 
Agr  are  gradually  supersediog  plate-and-«ogle  and  box  columns,-  pai;jticuiarly 
tbs  of  the  smaUer.aues.    The  6-in  columns  have  been  rolled  since  1920. 


147  Cofaumis.  Lally  columns  (see,  also,  pages  469  to  474  and  Tables  on 
S16)  are  patented  columns  made  with  a  drcukr  steel  shell,  as  shown  in 
fig.  14,  and  filled  with  a  concrete  composed  of  sand, 
aaat  and  blue  trap-rock,  and  thoroughly  com- 
pnrd.  The  larger  columns  have,  in  addition,  a 
ied  raBforoement,  which  makes  a  Hght,  but  strong 
tVpoiL  They  ave  in  many  buildings  lepkicmg 
■uony  piers  for  supporting  girders  because  of  the 
■viae  in  apace,  and  are  extensively  used  in  mill- 
ooBtfmction.  Typical  connections  are  shown  in 
fk.  15.  The  I.AlIy  formula  for  the  safe  loads  in 
toss  ii  given  with  Tabks  XXII andXXm, page 
516.  .        -      r"         s 

nale-«iid-Aacl*  Colmmifl.     Four  angles  and  a 

phle  riveted   together   as   shown    in  Fig.  16  are 

>nr  bdog  extensiveb^  used  in  building-construction; 

-  particulariy  for  columns  having 

Kan  unsupported  length  of  less 
than  90  raidii;  also  for  the  outer 
columns  in  steel-mill  buildings, 
and  for  light  columns  support- 
ing the  roofs  of  railway  stations, 
etc.  Columns  with  this  form  of 
cross-section  are  especially  con- 
venient for  making  beam  and 
girder-connections  and  for  splic- 
ing, and  are  also  well  adapted 
to  resist  eccentric  kxids.     The 

^      ^l"]       width  of  the  plate  is  generally 

JTp      [Ij?      ■''ch  that  the  least eadius op 

"  "^       GYRATION  is  in  the  direction  rj, 

and  this  radinc  s«y  be  obtained  directly-fram  Tables  XVI 
and  XVII,  pages  370  and  372. 


FIff.  19.    Sted  Channd- 
oohlma  with  Lattke-bars 


all 


Cluuiaal«Goliiiiiiia.  Typical  cotrvN-DETAiLS  for  plate- 
and-angle  and  channel-columns,  taken  from  the  Carnegie 
idit  Companion,  19x5  editbn,  are  shown  in  Figs.  17  and  18  and  represent 
in  offioe-building  construction. 


Two  channels,  set  back  to  back,  at  such  a  distance 
It  Ike  radii  of  gyration  will  be  equal  about  both  axes,  and  connected  by  lattice- 
m  as  diown  in  Fig.  19,  make  a  very  desirable  column  for  moderate  loads,  as 
Ac  ipper  stories,  or  in  buildings  of  three  or  four  stories  in  height.  For 
kada,  aiiort  cover-plates  may  be  riveted  to  the  flanges  in  place  of  the 
Such  oolumns  are  very  satisfactory,  especially  for  making  con- 


lar  iMtfMng  of  CluMaoli  and  Angtoa.    When  channels  are  con- 
hy  Uttsoe-work,  as  m  Figr20,  iauordfr  that' they,  ma^not -be  a  tendency 
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in  the  channels  to  bend  between  the  points  <A  bradng,  the  distance  I  should  1m 
made  equal  to  the  total  length  of  the  stmt  mokipHed  by  the  least  radius  ol  gyn 
tion  of  a  ami^e  channel,  and  the  product  divided  by  the  least  radius  d  gyratioi 
for  the  whole  section;  or, 

in  which  t"  length  between  points  of  bracing; 

h  "  total  length  of  strut; 
f  *  least  radius  of  gyration  for  a  single  channel; 
fi  >  least  radius  of  gyration  for  the  whole  section. 

This  same  rule  will  also  apply  to  angles,  although  with  them  the  lattice^vroil 
is  generally  doubled,  as  in  Fig.  21. 


I 
I 
t 
I 

I 


T«(aLl<»«tVi»f^ 


Fig.  21.    Double  Li^tioe-ban  OB  Aagk-colanns 


It  is  g#ierally  i>und  desirable  to  make  the  distance  /  less  than  that  obtainc 
by  the  a(ove  formula.  The  inchnation  of  the  lattice-bars  with  the  axis  of  tl 
column  or  strut  is  usually  about  60**  for  single  and  45*  for  double  bars. 

The  pioper  distance  for  d  or  D,  Fig.  20,  for  a  pair  of  channels,  so  that  the  radii 
of   gjrration  will  be  the  same  in  both  directions,  is  given  in  Table  VII 

page- 359- 

The  (ollowing  tabulations  are,  taken  from  the  Handbopk  of  the  Cambr 
Steel  Company,  1915  edition. 


aises  of  Lattios-BatB  to  be  Used  with  Latticed  Chaanel-ColuiBiis 


Depth 
of 

.    Dimensions  of 

lattice-bars 

Weight  of 

lattice-bars 

per  foot 

■  Center  of- 
bote  to  end 
of  bar, 

a 

DistafMe.«ciiter  t» 
center  of  rivets,  d 

w 

Thickness 

Maiimwm 

Miafan« 

in 

in 

in 

lb 

in 

ft      in 

^ 

6 

7 
8 

9 

10 

12 

15 

iH 

t 
2 
2 

2Vi 

H 

H 

Me 

Ms 

H 

H 

H 

1.28 

1.49 
2.12 

2. 12 
2.55 
2.87 

;^.I9  ■ 

iH 

0  iiH 

1  iH 
I       3 

t        4H 

z     6^ 

1  loH 

2  sH 

65i 
7H 
8»He 
9H 
xdMe 

x5Ms 
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Tfcti  avd  fll1>  and  Box  C<dBmsi.  PUte-aud-ugle  coIuidtu.  u  sbawa 
h  Fi;.  10^  reqinrins  but  two  towb  of  riTcU  «c  very  ccoiioiiucal  columas  for 
M£^  of  moderate  height,  as  they  aSonl  excrllent  nfipgrtunities  foi  conoect- 
^  flr  henns  and  fMen.  Table*  a<  3aie  iAaM  arc  givea  in  Table  XXlV 
i(  lie  daptcr.  Wben  ■  moie  cmipact  wctign  is  requiied  than  that  afforded 
T  tk  InieT  Men,  the  lectioD-atea  may  be  ioEicaied  by  riveting  platea  to  tbe 
■sb  u  jbewn  in  Fis-  ^  which  is  a  KctiDn  of  oaeof  ttie  coluuuu  in  the  Munic- 


ITork  City-  TUi,  hrowevEr,  sreatly  incraa«es  the  eipenie 
ad  it  ii  tfacnloTe  tuually  mote  ccofuwiical  Id  subatilute 
*,  or  channel  or  box  adumni.  For  bigh  buildiogs  or  heai^ 
ilred  KctioBal  areas  of  coluiniu  are  greater  lba.n  can  be 
umd-coluaasorBethlebeaicaluBmswilhoiit  Sange-pliLles, 
(  plates  and  angle*,  la  shomi  in  Fig.  23,  which  iione  of  the 
ets'  Trust  Compmy  Building,  New  York  City,  will  prob- 
■oie  satisfactory.  Hie  [bicbjiiK&>.nd  number  of  web^plales 
.  be  varied  with  the  load  Co  be  supported.  Ordinary  con- 
[Hoa  are  the  name  as  Cbose  for  CHtHVCL-coLUUNS,  shown 
^  UUest  building  ast!  heaviest  loads  boi  columns  with 
n  in  Fig.  24  an  tbe  beU.  They  are  used  In  the  highest 
li  at  the  Hasonic  Temple  in  Chkagov  and  ^m  Bankers' 
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Trust  Building,  the  Municipal  Building,  the  Woolworth  Building  and  the  1 
ropelitaa  Tower  in  New  York  City.  Fig.  24  is  a  cross-section  of  one  of 
columns  in  the  last-mentioned  building.  Details  of  a  similar  colunm  use 
the  Bankers'  Trust  Company  Building  are  shown  in  Fig.  7  on  page  342. 
b  of  course  impracticable  to  give  tables  of  safe  loads  for  plate-ano-am 
COLUMNS  with  flaqge-plates  and  for  box  columns,  owing  to  the  great  variet 
combinations  that  can  be  used,  but  Example  10  of  this  chapter  shows  how 
colunms  are  designed  and  their  strength  determined.     (See  page  485.) 

8tMl  Struts  in*  Tnisses.  These  are  generally  made  of  a  pair  of  latt 
channels,  or  of  channels  and  plates  for  heavy  trusses  with  pin-connectioii8» 
of  either  a  pair  of  light  channels  or  a  pair  of  angles  with  uneven  legs  for  1 
trusses.  For  roof-trusses  having  a  span  not  exceeding  80  ft,  a  pair  of  4  by  4 
94 -in  angles  is  generally  sufficient  for  any  of  the  compression-members  in 
they  are  subjected  to  transverse  stress;  and  the  minor  struts  are  very  o 
made  of  a  pair  of  3H  by  2H  by  H-in  angles.  The  angles  are  placed  from  ) 
H  in  apart  to  permit  the  filler-plates  used  at  the  joints  to  go  between  It 
For  compression-members  subject  to  transverse  stress  a  pair  of  channels  j 
erally  offers  the  best  section.  If  necessary  the  channels  can  be  rdnforcec! 
plates  at  the  top  and  bottom.  A  pair  of  angles,  with  a  deep  wcb-plale  nvt 
between,  is  often  used  for  the  principles  of  Fink  trusses  where  they  are  sub 
to  a  slight  transverse  stress.  (See,  also*  Fig.  0,  page  1146.)  For  very  ] 
compressive  stresses  and  for  short  members  a  single  angle  is  sometimes  used; 
this  is  not  considered  good  practice,  as  it  causes  eccentric  loading  on  the  giu 
plates  at  the  truss-joints.  A  pair  of  small  angles,  or  some  other  aunbina 
with  a  synunetrical  cross-section  should  always  be  used  for  truaa-membera 
.  Where  angles  are  used  in  pairs  they  should  be  connected  by  a  rivet  and  s 
61fer-plate  or  separator  every  two  feet  in  length,  to  prevent  them  from  spi 
ing  apart.  In  regard  to  the  maximum  length  of  sted  struts  in  truaaes 
not  considered  good  practice  to  use  a  strut  whose  unsupported  length  cat 
150  times  its  least  radius  of  gyration,  or  50  times  its  least  width. 

IS.  Strangth  of  Steel  CotttiDBe.    Fomiilas 

Prlndiilee  Ooveniing  the  Resistance  of  Bunt-up  Steel  Cdliimns. 
fessor  William  H.  Burr  states  *  that  ''the  general  principles  which  8ov» 
resistance  of  built-up  columns  may  be  summed  up  as  follo>Nrs:    the  mal 
should  be  dispoacxl  as  far  as  possible  from  the  neutral  axb  of  the  cross-sej 
therd)y  increasing  the  radius  of  gjrration,  r;  there  should  be  no  initial  ii 
stress;  the  individual  portions  of  the  column  should  be  so  firmly  secured 
other  that  no  relative  motion  can  take  place,  in  order  that  the  column 
as  a  whole,  thus  nmintaining  the  original  value  of  r."    The  experimental 
by  Professor  Burr  indicate  that  a  closed  column  is  stronger  than  aa 
It  should  also  be  remembered  that  any  column  such  as  an  I  beam, 
angle,  the  cross-section  of  which  has  a  maximum  and  a  minimum 
gyration,  is  not  economical  for  use  under  a  single  concentric  load,  as 
mum  radius  of  gyration  must  be  used  in  the  calculation,  and  part  of 
rial  is  to  a  certain  extent  wasted  when  the  ideal  efficiency  of  the  ool| 
considered. 

Formulas  for  Sted  Columns.    A  great  many  formulas  are  uaed 
culating  the  strength  of  steel  columns  and  struts,  of  the  lengths 
ployed  in  practice,  but  scarcely  any  two  authorities  agree  upon  the 
These  formulas  jnay.  all  be  grouped  into  two  general  classes,  those 

*  Elastkaty  and  Resistance  of  the  UMUti^k  of  Bngiiicerios.  by  WOilam  H. 
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stfOBireiA  *  (ii)  and  those  founded  on  the  straigbt-une  i6iiiirLA 

L  (See  the  following  paragraphs.)    in  the  different  formulaa  different  values 

to  <tlie- ARBITRARY  CONSTANTS.    Previous  to  i888  RANKme^  or 

's  roiMULAS  were  almost  universally  used  for  all  columns,  although  with 

tor  kss  ▼afiatioD  in  the  constants  empbyed.  About  1885  Professor  Burr, 
lisfBg  oonducted  a  secies  of  tests  upon  fuU-siae  oolumn-sectioDS  deduced 
iit  ii  sow  known  as  the  straiobt-une  iobmula.  As  this  is  easier  of  applica- 
fas  than  Rakkine's  formula.  It  has  gradually  found  favor  with  engineers,  espe- 
Mr  as  the  results  differ  but  little  from  those  obtained  by  the  older  foRni||a. 

tanks  CoflBpsrsd.  Which  one,  of  all  the  formulas  in  use,  should  be 
l^jnjud  in  ralnilaring  the  safe  load  for  columns  b  an  open  question,  but  the 
tfhpr,  after  caiclul  d^beration»  has  decided  to  recommend  Rankinb's  por- 
Ha  far  the  following  reasons.  In  the  first  place  it  is  safe  and  conservative 
^ iit  errs  at  all,  it  b  on  the  side  of  safety;  and  in  the  second  place  it  has  a 
Hb  sppBcation,  as  the  values  assigfftd  to  the  arbitrary  constants  have'been 
SKgeaecslly  agreed  upon,  whereas  there  b  a  greater  variety  in  the  values  of 
b  fwrfants  employed  in  the  straigbt-line  iormuia.  Of  course  one  b  not 
b  to  dtooee  when  city  laws  compel  the  use  of  certain  formulas.  Notables  of 
Ns  UM08  for  folnmns,  satisfying  the  requirements  of  all  dties,  could  be  com* 
M.  The  aitthor  has  accordingly  thought  it  best  to  insert  the  various  tables 
Nub  loads  for  different  forms  of  columns  as  computed  in  the  very  latest 
bABois  aitlioa^  not  necessarily  based  upon  Rawkinr's  formxtla,  and  to 
mt  Table  XI,  specially  computed  and  giving  the  comparative  sate  loads  in 

VR  SQVABB  incb  OF  UBTAirARRA  for  columus,  AS  determined  by  seven 

immlai     (See  pages  493  to  495.) . 

IFssd  ia  Bofldliig  Codes.  Rankine's  losMtTLA  (called  Gordon's 
fisBLA  fta  BMuiy  codes)  b  specified  in  the  buflding  codes  of  the  following  cities: 
F*''r"y.  Pittsburgh.  Baltimore,  and  Milwaukee;  and  in  the  Cambria 
pftoak.  The  stkaight-une  formula  is  specified  in  the  building  codes  of 
p  York  City,  Chicago,  St.  Loub,  Minneapolis,  Boston,  and  in  many  other 
|b,  and  b  used  in  the  Carnegie  and  Bethlehem  handbooks, 

Used  in  PMctics.    The  following  f omiSlas,<.in  the  oj^nion  tof  the 

represent  the  best  «cunent  practice.    They  are  forbulas  for  safe 

S^  in  pounds  per  square  inch  of  crosa-sectiOn,  on  steel  columns  and  struts. 

fonnulas  /  is  the  length  of  the  oolunm  in  inches  and  r  the  least  radius 

of  the  cross-section.    (See,  also^  Chapter  X,  pages  333,  344,  etc.) 

SAFE  LOAD,  P9  for  any  column  b  equal  to  5,  obtained  by  one  of  the  f  oUow- 

multipiicd  by  the  seciion-area  of  the  column  in  square  inches; 

P-A5  (10) 

*3  *«^m^„  used  In  the  Cambris  handbook,  b 

i  +  ^/36ooof«  ^^^ 

reoomniended  by  Professor  Burr  is 

5-10  000  —  40  J/r  (12) 

used  by  the  American  Bridge  Company  and  Carnegie's  Pocket 

IS 

5-19  000  —  zoo  l/r  (13) 

oi  13  000  lb  per  sq  in. 


f%  lanirfa  It  soaoMtimct  referred  to  as  Gordon's  formula,  but  Gordon  used 
bttial  dimension  or  the  diameter  of  the  .column  instead  ol  the  least  nuiiui  ol 
d  the  qnwi  ifrtirm. 


I 
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.   The  fonnuia  used  by  the  American  Railway  Engmeeting  Aatodatioii  i 
the  New  Yock  and  Chicago  building  codes  is 

5  -  i6  ooo  —  •jcl/r 

with  a  maximum  of  i6  ooo  lb  per  sq  in  for  New  York  and  14  000  for  the  otl 
The  formula  used  in  the  New  York  City  buiMmg  oode  previous  to  1916 

5- IS  aoo -sS//f 
The  formidas  used  m  the  Catalogue  of  the  Bethlehem  Sted  Company  are 

•  ■ 

5  -  16000-55  l/r,  for  Ijr  over  55 
and  5«  13  000  lb  per  aq  m»  for  i/r  under  55 

Fowler's  sUghtly  modified  formula  for  steel  struts  m  trusses  is 

S  =  i2  500—  s^Uf 
The  value  50  in  Fowler's  formula  is  41%  when  /  is  in  inches,  and  500  w] 
is  in  feet. 

For  a  comparison  of  moat  of  these  fonemlas*  see  Xahle  XI,  pages  493  ta 
and  the  coMPAaATivs  diagbam  op  fokxulas,  page  496. 

14.  Design  of  Steal  Cotofliiis.    Btafli>Ies 

Practical  Uae  of  Cofaunn-Formtiiaa.  Unlike  the  beaai-lormula  the  oai 
formulas  in  geoecal  use  do  not  give  a  direct  method  of  ralmfciling  the  dunes 
of  a  cdumn  that  will  support  a  given  load,  owing  t»  the  prescDoe  in  the  ool 
formula  of  two  unknown  quantities,  A  and  r,  which  tit  dependent  upa 
another.  Hence  in  designing  columns,  the  Jie^Uon.  niiit  he  firat  ssiwimw 
then  tested  for  the  safe  load  P,  or  for  the  mayimum  unit  fiber-stress  S.  1 
an  apparently  roundabout  method  of  designiog  i^olumns,  but  unfortui 
there  seems  to  be  no  more  direct  way.  When  a  column  is  to  be  select 
designed,  its  axial  load  P  is  given  and  also  its  length  and  the  condition 
ends.  A  proper  allowable  unit  stress,  S,  is  assumed*  suitaUe  for  the 
material  and  for  the  conditions  under  which  it  is  to  be  used,  or  in  accof 
"with  the  requirements  of  the  local  building  code;  or  the  vahie  of  5  is  g$i 
the  specification  according  to  which  the  coluhin  is  to  be  desgned.  A 
section  is  then  selected  in  accordance  with  the  principles  explained  on  pa0 
to  469.  For  this  assumed  cross-section  A  and  r  are  determined  and  the 
stttuted  in  the  formula,  which  is  solved  for  P.  If  the  assumed  dimensioii 
a  value  for  P  that  agrees  wHh  the  actual  load,  they  are  coirect.  If.  faoH 
the  resulting  value  of  P  is  smaller  than  the  actual  load,  the  assumed  six6 
small,  and  it  will  be  necessary  to  choose  a  larger  size  and  solve  asain. 
the  contrary,  the  actual  load  b  leas  than  the  sale  cslcmlated  load,  a  cohiflaa 
a  smaller  element  of  cross-section  is  assumed  and  a  new  value  of  P  %AA 
After  a  few  trials  a  size  that  gives  a  satisfactoiy  result  for  the  required  com 
will  be  found. 

Examples  Ultistrmting  the  iTee  of  Column-Formulas  and  Tables. 
the  column-tables  in  the  last  haSf  of  this  chapter  give  the  safe  loads  of  the 
ity  of  cohmm-aections  of  cttirent  practice,  having  determined  which  aec 
is  most  advisable  to  use  under  any  given  conditions,  it  is  merely  »*fT^H 
consult  the  tables  and  select  the  column  of  the  required  sise  to  support  the 
load. 

Saaaila  7*    The  following  is  an  example  showing  the  metiiod  o€  ac 
Bethlbhem  bollbo  h  oolukmb  for  buildings. 
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th*  Method  ^  SelMliac  B^m 


H 


\hi  Sattntlon,  the  Interior  ootumns  ot  an  actual  sixteen-stoiy  bnHding  are  taken  as 
iBtapk    The  stoiy-heisfats  and  the  loads  on  the  oohunns  are  given  in  the  following 


iBuple 

PhhtJoa: 


i 

Heights 
of 

stories , 

ft 

Loads 
on 
col- 

amns, 

tOBS 

Safe 

loads, 

tons 

H  column-section  required 

i^ 

Dimensions 

Weights 
of  sec- 
tions, 
lb  per 

Sectioti- 
numbera 

D, 

r. 

r       B. 

in 

VOL 

in 

linft 

'  Ah 

iSth 

la 

ar 

55-0 

1H 

Ms 

8.00 

31.5 

HS 

14 

53 
79 

8i.S 

m 

»H« 

8.13 

48.0 

H8 

1^ 
tMh 

13 

104 
laS 

132.3 

loH 

»91« 

10. 13 

71.0 

Hio 

nth 
^  nh 

13 
13 

isr 
IT4 

174.« 

X3M 

^ 

Z3.Q8 

9X.5 

HX3 

13 
13 

197 

3X9 

319. 1 

14M 

*Ms 

14.08 

114.5 

H14 

13 
13 

241 

a6i 

363.8 

14H 

iH 

X4.I9 

X38.0 

Hx4 

*  sth 

h    Ith 

X3 

aSx 
301 

3x0.1 

15 

iMs 

X4.3K 

163.0 

H14 

ts 

13 

32Z 
341 

341-3 

rsH 

i^e 

14.39 

178.S 

H14 

f^ 

IT 

la 

3^3 
39S 

403.5 

15H 

x^Hs 

14.54 

2X1. 0 

H14 

i^a  the  depth  off  the  oolomn,  T  the  tUdmess  of  the  flanges  and  B  the  breadth  of  the 

for  bafldJn^afeiisDally  selected  in  lengths  of  two  stories.    By  Inspection  of  the 
•i  nie  hMMls  for  M  ootamas,  it  is  foond  that  no  obhuaas  smaikr  than  Z4-in  H  tec- 
have  soflident  capacity  for  the  lower  stories.    Where  there  is  no  Uoutation  as  to 
■e  of  the  column,  the  orfumn  with  the  largest  dimensions  and  having  the  required 
viB  be  the  most  economical.    The  unsupported  length  of  a  coluftm  shodd  not 
150  radii  of  gyratioo,  which  is  tlie*llbiit  of  length  for  which  aafe  loads  ait  given 
tibles.    In  the  best  piaotioe  the  wasawwKted  length  of  a  <arinmn  is  frsqncntlir 
not  to  exceed  iio  or  135  times  the  least  radius  of  gyration;  various  timlti  foe 
imiiraled  io  the  tables  by  xigsag  hoes.    The  safe  Iq^  given  in  the  tables  are  for 
or  symmetric  loading.    When  the  loads  are  not  centrally  or  syminetncalljr 
.  the  sise  of  the  column  should  be  calculated  by  Formula  (xS),  page  486. 


BRestdc 
||U.tl 


t,..  8L  Suppose  that  in  a  30-story  office-building  to  be  erected  in  Chicago, 
ktd  on  each  of  the  first -story  columns,  which  are  16  feet  in  length,  is  700 
L  What  coliimiis  should  be  used? 
jITsning  to  Table  XXI,  psi^  5x5,  giving  the  safe-load»4or  Bethlehem  T4-in 
Poiomns  it  b  seen  that  a  14-in  387.5-lb  column*  the  heaviest  rolled,  will 
pvport  only  549. j  tons;  thb  type  of  column,  therefMe,  cannot  be  used.    More* 
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over  a  casual  inspection  of  the  tables  of  safe  loads  for  piato-and-an^  I 
channel-columns  shows  that  they  are  not  suitable  because  of  the  thick  flaa 
and  web-plates  required.  Consequently  the  columns  in  the  lower  stories ' 
probably  have  to  be  of  the  box  type,  with  double  or  triple  webs,  as  showi 
Figs.  23  and  24.  The  upper  columns,  however,  may  be  of  the  piate-and-4i 
or  channel-type,  whichever  will  be  the  more  economical.  The  heaviest  ph 
and-angle  colunm,  without  flange-plates  (Table  XXIV,  page  522),  composec 
four  6  by  4  by  ^4-in  angles  and  one  12  by  H-in  web,  will  support,  for  a  len 
of  14  feet,  the  height  of  most  of  the  upper  stories,  469  000  lb;  and  a  channels 
unm  (Table  XXVI,  page  541)  composed  of  two  12-in  30-lb  channels  and  I 
14  by  H-in  plates  will  support  502  000  lb.  The  former  weighs  125  and  the  lal 
J 3 1. 4  lb  per  lin  ft,  so  there  is  not  much  choice  as  far  as  economy  of  materii 
concerned.  The  channel-column,  however,  requires  four  rows  of  rivets  w 
the  plate-and-angle  column  requires  only  two  rows,  so  this  added  expcnsi 
fabrication  would  have  to  be  considered.  Assuming,  however,  that  the  pli 
and-angle  type  is  more  desirable,  the  next  step  is  to  desifpi  the  indivM 
colufains.  , 

The  load  upon  each  of  the  upperqiost  coli^ns,  which  are, 20  ft  in  lengtl 
7000&  lb.-  Turning  to  Tatde  XXIV,  page  318,  it  will  be  seen  that  a  coin 
composed'  of  four  4  by  3  by  H-in  angles  and  one  8  by  H-in  web  will  sopp 
for  a  length  of  20  ft,  77  000  lb;  but  this  load  is  below  the  lower  zigzag  line . 
hence  the  slenderness-ratio  of  the  column  exceeds  120.  Asstmiiog,  for  the  ] 
pose  of  illustration,  that  the  limit  of  l/r  is  120,  a  heavier  section  must 
selected.  On  page  5x9  of  Table  XXIV,  continued,  it  is  seen  that  the  figh 
20-ft  column,  for  which  l/r  does  not  exceed  the  required  ratio,  is  one  compc 
of  four  5  by  3 H  by  H-in  angles  and  one  10  by  H-in  web,  and  that  for  a  len 
of  20  ft  it  will  support  121  000  lb,  or  51  000  lb  more  than  will  come  upon  it. 

Continuing  the  design  of  the  columns,  suppose  that  one  in  the  14th  sti 
14  ft  in  length,  supports  175  tons,  or  350  000  lb.  From  Table  XXIV,  page  • 
it  is  found  that  a  column  composed  of  four  6  by  4  by  H-in  angles  and  one  12 
H-in  web-plate,  for  a  length  of  14  ft,  will  carry  373  000  lb.  In  the  table, 
safe  load  is  calculated  by  Formula  (13),  whereas  the  Chicago  Building  C 
specifies  Formula  (14).  Hence,  as  this  building  is  to  be  erected  in  Chicaga^ 
chosen  column  must  be  tested  by  the  latter  formula.  Its  A  is  29.44  sq^  ia-< 
Its  least  f,  2J&S  in. •  To  test  h  by.  the  formula,  / -14  ft  X  12  «  x68  io,  modi/ 
168  in/2.6s  in  *-  63.  Substituting  in  Formula  (14),  5  *- 16  000  -  (xp  X  63 
16  000— 4  410 B  II  590  lb  per  sq  in.  From  Formula  (10),  the  safe  lotei  for 
column,  P  "  AS  ■-  29.44  sq  in  X  11 590  lb  per  sq  in  «  341  ao9  lb,  which  Is 
than  the  actual  load.  Therefore,  the  next  heavier  column,  with  angles  ^H 
thick,  should  be  selected. 

Ssample  9.    In  an  office-building  to  be  erected  in  Philadelphia,  the  use  of 
Bethlehem  rolled-steel  H  colunms  has  been  decided  upon.    One  of  these 
umns,  15  ft  in  length,  supports  170000  lb,  or  85  tons.    What  should  be  the 
of  this  column? 

According  to  Table  XIX,  page  508,  giving  the  safe  loads  for  Bethlehem 
nmns,  a  zo-in  49-lb  column,  15  ft  in  length,  will  carry  86.3  tons,  an  apparei 
safe  load.    Bethlfehem-column  loads,  however,  are  calculated  by  the  stsaight* 
formula,  whereas  in  Philadelphia,  Rankine's  (called  Gordon's)  formula  is 
standard.    This  formula  with  the  arbitracy  constants  inserted  is 

S  •  '    ■  ^j1  ?ff  ■■  ■    .    (See  TaMc  XI,  p««e  491-) 
zx  000 
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rTabk  XDC,  A  «  14^7  sq  in  and  the  least  f  «  a.49  in;  I  is  15  ft  or  180  iit 
iSo  ill/3.49  in  *•  73.3. 

SnhsHtnHng  in  the  fonnula, 

16250  i6aso  16250 

I       ,        V-      1  +  5  227/11 000      16  227/11 000 
iH (72.a)« 

IIOOO  ^ 

x§  250  X  n  OQO       178  750  000  ,.  , 

-  — — ^ II 015  lb  per  sq  in 

16227  16227 

HiiranFonniila  (10),  page  4S1, 

?-  i45  -  14^7  sq  in  X  II 015  lb  per  sq  in  -  158  285  lb  or  79.1  tons, 

fftDck  is  ksB  than  the  tabular  load.    Hence  the  next  heavier  column,  weighing 
j«l)  per  sq  ft,  would  have  to  be  used. 

laaila  lo.  Figure  7,  page  342,  show3  the  cross-section  d  one  of  the 
bsEBKnt-oolumns  in  the  Bankers'  Trust  Company's  Building,  New  Yoric  City* 
|l  h  20  ft  in  length  and  supports  2  230  tons.    Is  the  column  safe?  

1W  iot  step  b  to  find  its  least  radius  of  gyration- which  is  equal  to  y/l/A, 
Ae  km  moment  of  inertia  of  this  section  was  found  to  be  17  030.  (See  page 
143^  The  area  is  made  up  as  follows: 

fmus.  The  flanges  are  composed  of  six  27  by  ^-in  plates 
wi  tao  27  l^  ^H«-in  plates.  The  area  of  the  cross-section  of 
iK^27  by  94-in  plate  b  20.25  sq  in  and  of  the  six  plate%  121.50  sq 
Ak  The  area  of  the  section  of. each  27  by  ^He-in  plate  is  i8.j;6 
itiaaad  of  the  two  plates»  37.12  sq  in.    Hence  the  total  sectional 

mMsea  is  121.50+ 37.12—  158.62  sq  in 

fUaii»-AMGLES.    Each  flange-angle  is  6  by  6  by  ^M*  in.    Its 
siBOtioa-area  is  10.38  sq  in.    Hence  for  the  four,  A  *>  10.38  X  4  -        4i>S3  sq  in 
i    (Mms  WsB.    The  outer  wel>-plate8  are  each  18  by  ^Hc  in. 
Aeaica  of  each  one  is  12.375  sq  in  and  of  the  eight  99-eo  sq  in 

f  Veb.   Each  web-angle  is  6  by  3Vi  by  ^M*  in  with  a  section- 
in  of  8.03  aq  in;  and  for  four  angles  the  section-area  is  32.12  sq  in 
p  Vd.    The  web  is  composed  of  two  18  by  ^ie-in  plates,  each 
llftaiection-area  of  10.125  sq  in.    For  two  the  area  is  20.25  sq  in 

the  area  of  the  entire  section,  therefore,  is  351  Si  sq  »» 

/•  -  I/A  -  17  030/351.5  m  48.5    and    r  -  V48.5  -  7  in 
/  «  20  ft  —'  240  in  and  l/r  *■  240  in/7  '^  *  S4-3 
IriMtkuting  in  the  former  New  York  City  building  code  Formula  (15),  page  482, 
S»  z^aoo— 58  X34-3"  15200— 1989  a  13  211  lb  per  sq  in 

pba  Fonnula  (10) 

PmAS"  351.5  sq  in  X  13  211  lb  per  sq  in  "•  4  643  666  lb,  or  3  321  tons, 
tkne  the  column  is  perfectly  safe. 

I  IS.  Eccentric  Loading  of  Steel  Columns 


Principles.  Where  columns  are  used  in  tiers,  one  above  another, 
;  lb  beams  and  girders  which  they  support  must  necessarily  rest  upon  brackets 
MmiBg  or  extending  varying  distances  beyond  the  shell  or  section-areas  or 
Pjfeflf  the  columns.  Such  connections  cause  bbndino  mombnts  in  the  columns. 
^^  eqaal  losdi  are  applied  t^  equal  dittanrew  on  opposite  sides  of  a  column. 


I 
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the  banding  moments  caused  by  tbem  in  tbe  column  balance  oioh  other,  ff^ 
the  CENTER  OF  STRESS  may  be  considered  as  coindding  vith  the  axis  of  1| 
column.  When,  however,  a  load  is  applied  on  one  side  (Fig.  25)  without 
corresponding  load  on  the  opposite  side,  it  is  called  an  eccentric  load  and  ti 
area  of  the  cross-section  of  the  ooiumn  should  be  increased  corresponding! 
There  is  unfortunately  no  direct  method  by  which  this '  additional  area  can  1 
determined.  The  usual  method  of  procedure  is  to  assume  a  section  in  exec 
of  that  required  to  support  the  total  load  and  then  compute  the  fiber-stress  d 
to  the  combined  balanced  and  eccentric  loads.  If  this  works  out  too  la^ 
or  too  small  another  trial  is  made. 

Formula  for  Eccentric  Loadi  on  Steel  Colmnaa.    The  i^tUewiag  loiaili 

(compare  with  Fig.  25)  is  u$ed  to  dctermi 
the  combined  fiber-stresses  due  to  the  conoe 
trie  and  eccentric  loads  (See,  also,  pa^  453): 

Let     P  "  the  concentric  or  balanced  load 

pounds, 
Pi  -  the  eccentric  load  in  pounds 
M  ■>  the  bending  moment   due .  to  1 

eccentric  load  in  inch-pounds  ■•  P 
X «  the  eccentricity  of  the  load  ^1 

inches.    (See  note  bdowj) 
/« the  moment  of  Inertia  of  the  ai 

of  the  cross-section  of  the  oolu 

abont  an  axis  at  right-angles  to  1 

direction  of  the  bending, 
c  »  the  distance  of  the  outermost  fiber 

the  cross-section  from  thesame  as 
A  «  the  aiea  of  column-section  in  sqin 

indMsand 
5  ->  the  actual  fiber-stress  in  pounds  1 
square  inch 


Fig.   25.    Chanml-oolumn   with 
Eocentnc  Load.    Elevation 


Then 


5«(i»  +  Pi)/iH-lfc// 


( 


Note,  In  measuring  the  eccentricitv,  the  distance,  x,  is  generally  measui 
from  the  axis  of  the  column  to  the  center  line  or  half-breadth  line  of  the  brad 
or  bearing. 

Bzamplea  of  Eccentric  Loading  of  Steel  Cglnmna.    The  foUowinc  < 

amples  illustrate  the  use  of  the  formula  and 
tables  in  determining  the  safe  eccentric  loada 
for  steel  columns. 

Example  xi.  The  total  load  on  the  top  of  a 
column  32  ft  in  length  is  194  000  lb,  of  which 
30  000  lb  come  from  Hie  end  of  a  girder.  Thiere 
is  no  corresponding  load  on  the  opposite  side. 
(See  Fig.  26.)  It  is  proposed  to  use  a  channel- 
column.  What  is  the  size  of  the  required 
column? 

By  fcferring  to  TaUe  XXVI,  page  SJ9,  it  is   ^^'J^    Channd^umn    n 
a  column  composed  -*   *—   •-  •-  Eccentnc  Load.    -Section 


that  a  column  composed  of  two  xa-in 
20.74b  channels  and  two  14  by  H-JQ  plates  wiU  support,  for  a  length  of 
ft,  SS7  000  Ih,  a  tooMwfaat  graater  ioad  than  will  oome  on  tke  colomia.  J 
the  Mctioc  of  this  coluffla,X^4'-4iii^- aa^  aq  in,  r  •  4^19  fa  aad  i/i 
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A/4^-  ^-    Sobstitiitiiig  im  FMiiitllft  (xi),  pace  4^1,  to  fiad  the  laf e  unit 


la  500  •  12500  12500  12500 

J       ,^,^  "  I  +  (89)V36 000  "  1  +  7 921/36 000      43921/36000 


12500X36000      450000000  ,. 

" mm •■  IP  245  lb  per  sq  m 

43921  43921  ..^ 

Ik  actual  jstreas  in  pounds  per  square  inch  of  the  columii-l^tJon  I9  fqund 
bs  Foimula  (i«).  5-  {P-i-PO/A-^ Mc/I.  F"  164 000 lb.  Pi-  30000  lb, 
iC*  22.56  aq  in  and  M  «  PtK  in-lb.  x  «  the  distance  in  inches  from  the  axis 
fl^of  tfe  oolainn  to  the  outside  of  the  web»  plus  the  distance  from  the  outside 
W  tke  web  to  the  center  of  the  bracket.  The  former  distance  can  be  found  from 
TaUe  XXVI.  It  is  4  ja.  Let  the  distancf  irom  the  outside  of  the  web  of  the 
durnd  to  the  center  of  the  bracket  riveted  to  the  web  of  the  channel  be  2  in, 
tbepniKtioa  of  the  bracket  being  4  in;  then  x,  the  lever-arm  of  the  moment  of 
fie  load  Pi,  or  the  eccentricity,  is  4  in  +  2  in  -  6  in. '  M,  therefore,  is  Pa  or 
IBOQolbX  6  in.  c  is  7  in,  since  the  plates  are  14  in  wide.  /»-»«•  415.  Sai> 
KifeDtinK  in  Formula  (18) 

164000*^30000     30000X6x7 

S- — 1 8600  +  3036-  ii6361bpersq!Q 

22.56  415 

Ai  tbis  exceeds  the  safe  unit  fiber-stress  of  10  245  lb  pef  sq  fn,  the  column* 
action  is  too  smalL 

For  a  second  trial,  consider  a  12-in,  20.7-Ib  channd-cohmm  With  14  by  H-in 
ifabs.  For  this  aectiota,  I»^^  473*  «<  -  ^<j66  iq'm  iWs  «»4.a6  in^  ^nd'/A  - 
A/'4j6-9o. 

12500  12  sob  12  500' 


5- 


I  +  (90) V36  000      1  +  8 100/36  000      44  xoo/36  000 

12500X36000  -  . 

~  —  10  204  lb  per  sq  m. 


44  100 
Hk  actual  stress  from  Formula  (18),  as  before^  Is 

.    164000  +  30000      30000x6x7  ,     --  %  on. 

Sm --— 1 «i7  444  +  2  664«-z»lo8lbpervim 

26.06  473 

Af  tUi  Is  less  than  the  safe  stwsa  ti  10  204  Ib^  Che  loeaod  seleetian  is  sale. 

laiJa  za.  A  Bethlehem  H  column  14  ft  lon^  carries  90.56  tons,  of  wfaick 
15.53  tons  are  eccentric,  being  applied  to  the  flange  of  the  column  as  showa 
ia  F%.  27,  the  distance  from  the  outside  of  the  flange  to  the  oentsr  of  the 
boring  bring  2  in.    What  is  the  nze  of  the  ocrfumn  required? 

T17  a  12-in,  84.5-lb  column,  which,  for  a  length  of  14  ft,  or  168  in,  will  cairj 
x€i4  tons  (Table  XX).  For  this  column,  A  -  24.92,  n-%  -  3.03,  /^^  «  €76.1, 
/>4«  228.5  and/  is  14  ft,  or  168  in;  hence  l/r  »  168/3.03  «  55.  Substituting 
■  Fonnuk  (15),  assuming  that  that  formula  is  specified,  5-15  200  —  58  X55  •• 
12010  lb  per  aq  in.  Since  the  eccentric  kMd  caaaes  N*tyt»^  in  a  direction  at 
filfat-angies  to  the  axis  x-z,  ¥lg.  27,  the  bcadinf  onoment  due  to  the  eccentric 
had  is  Fi,  or  Z5.52  tons  or  31 040  lb,  multiplied  by  its  lever  arm  x,  which  is  the 
teace  from  the  ana  z-i  to  the  ovtaide  of  th^  flangn  plus  the  distance  from 
llii  sorface  to  the  center  of  hfarfng  Tlie  femer  diincnaion«  taken  fpwn  the 
Calalogiie,  ia  6Hf  i&  and^be  latter  is  2  in;  hence  «-■  8H«  in  or  for 
^  to.    The  distancf,  c,  'also«  of  the  outecxnost  fiber  f ;om  the  azia 


488 


Strength  of  Odlumns,  Posts  and  Struts  Chap.  1^ 


i-x  is  6H<  in,  which  for  convenience  will  be  considered  6  in.    /»-^  about  tl 
axis  i-i  is  676.1.    Substituting  in  Formula  (x8),  S  -(150  080+  31  04o)/a4.9H 

(31 040X  8X  6)/676.i  -  7  268+  2  204  -  9 47 
lb  per  sq  in.  As  this  Is  far  below-  the  sid 
stress  of  13  010  lb,  the  column  selected  ; 
too  large,  and  a  smaUer  one,  probably  a.  xi-i 

■         I 1 1         ■         ,  64.s-1b  column  would  prove  sufficient. 

(         I        S  Suppose,  on  the  other  hand,  the  ecceqtr 

^f      ~        '            I         J*     load  were  applied  to  the  web  and  ihe  balandl 
I — L III 1 1         j^jj^jg  jQ  ^Yn  flanges.    The  safe  unit  fibe 

stress,  as  before,  is  13  0x0  lb  per  aq  in,  £1 
no  matter  how  the  loads  are  applied,  the  sal 
unit  stress  determined  by  reference  to  tl 
least  radius  of  gyration,  fv-c,  should  not  1 
exceeded.     Under  the  second  condition 
loading  the  eccentric  load,  also,  will 
bending  about  this  same  axis  3-2; 
Formula  (x8)  the  /  for  this  axis,  which 
328.5,  niust   be  used.    « -  3  in  +  0.25  in 
2.35  in,  0.35  in  being  one-half  the  thiduM 
of  the  web.    (See  the  Bethlehem  Catalogue.)    Hence,  from  Formula  (18),  ti 
actual  unit  fiber-stress  is  5  «  (X50080  +31 040)734.93  -jr  (31 040X6  X3.35)/238 
-  7  368  +  X  835  «  9  X03  lb  per  sq  in. 


cau 
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Bethlehem  H  Column  with 
Eccentric  Load 


If.  Tables  of  Safe  Loads  for  Steel  Columns 

Safe  Loads  per  Square  Ineh  of  Metal-Area  for  Steel  Columns  as 
Struts.  To  lesseii  the  labor  of  calculating  the  strength  of  steel  columns  ai 
struts,  of  whatever  shape,  the  author  has  computed  Table  XI,  which  gives  sa^ 
VALUES  of  5  for  ratios  of  l/r  varying  from  30  to  x  30.  For  ratios  of  l/r  which  a 
not  whole  numbers,  the  values  can  be  readily  interpolated.  The  values  in  tl 
table  should  correspond  exactly  with  the  results  obtained  by  using  the  con 
aponding  formulas. 

Safe  Loads  for  Steel-Pfpe  Colaums.  Tables  XII  and  Xm  give  the  sa: 
XjOADS  for  STEEL-PIPE  COLUMNS.  These  loads  are  based  upon  the  formula  recoi 
mended  by  the  New  York  and  Chicago  Codes,  S  -i  x  6  000— 70  l/r.  (See  See 
Pipe  Columns,  pages  469  to  474.) 

Safe  Loads  for  Channel  and  Angfe-Stmls.  Tables  XIV,  XVrimd  X 
give  the  safe  loads  for  standard  chaniyels  and  akgles  used'as-STHurs.  C^ 
those  siaes  that  are  most  commonly  used  are  given.  In  Tabl^^^CIV  the  saj 
LOADS  for  both  the  minimum  and  the  nuudmum  RADnrs  of  GYRATio^.ore  giivc 
If  the  strut  is  used  also  as  a  beam,  or  is  stayed  so  that  it  cannot  bend  sidevri 
the  kiger  value  may  be  taken;  but  if  free  to  bend  in  either  direction,  thep  t 
smaller  value  should  be  taken.  If  the  struts  are  subjected  to  a  tsansveri 
STRESS  they  should  be  computed  as  explained  under  the  heading  Strut-Bean 
pages  57  X  and  573. 

Safe  Loads  for  Steel-Beam  Cotumns,  Bethlehem  Columns,  Lally  O 
umns,  Plate-and-Ang^e  and  Channel  Columns.  Tables  XVII  to  XXV 
giving  the  safe  loads  for  these  columns,  were  not  computed  by  the  autk 
but  by  the  different  manufacttirers;  they  are,  however,  bdieved  to  be  perf  ec 
safe,  provided  that  an  increase  in  area  is  made  for  eccektuc  loads. 

TTse  of  Table  XI  for  Determining  Safe  Loads  for  Steel  Cetn^ 

This  table  will  be  fbund  of  great  assistance  hi  calcuUrting  the  stnagth  oC  c 
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and  of  struts  and  also  in  making  calculations  for  eccentric  loads.  To  use 
bd  the  strength  of  a  column,  it  is  merely  necessazy  to  multiply  the  value 
eoHpaeding  to  the  slendeen^ss^kaxio  of  th$i  coluxnn,  by  the  sectioh-ar£a, 
iersuli  being  the  sate  load  the- column  can  support.  As  an  illustration  of 
fts,  tbe  column  considered  in  Example  8  has  a  slendemess-ratio  of  63  and  a 
Ktioa-area  of  39.44  sq  in.  Its  strength  is  to  be  calculated  by  the  Chicago 
Bakfiog  Code  formula,  the  results  of  which  are  tabulated  in  the  sixth  column 
4  Tahk  XI.  From  this  the  value  of  a  slendemess-ratio  of  63  is  11 590  lb 
^iqia.  Therefore,  by  the  rule  stated  above,  the  safe  load  Is  ix  590' lb  per 
^  IB  X  3944  sq  in  -  341  209  lb.  In  Example  10,  the  column  in  the  Bankers' 
Trait  Company  Building  has  a  slenderness-ratio  of  34.3,  and  an  area  of 
jSi-S  sq  in.  The  value  corresponding  to  34i  from  column  5  of  Table  XI, 
n  13  238  and  for  35  it  is  13  170  lb  per  sq  in;  hence  for  34-3  it  would  be  about 
i|2ix  lb  per  sq  in.   Accordingly,  the  safe  load  u  13  2x1  lb  per  sq  in  X35X.5  sq  in 

•  4^  666  lb.    Colunm  5  of  Table  XI  gives  values  for  old  New  York  code. 

bapit  13.    What  is  the  safe  resbtance  of  a  strut  composed  of  two  5*10 
^)  dunnels,  separated  ^  in  and  free  to  bend  in  either  direction,  the  length  of 
i  tkstntbdng7it'6  in? 

iiUiQa.   From  Table  XVIII,  page  374,  the  least  radius  of  gyration  for  this 

'ttctkn  is  I,  hence  l/r  *  90/1 «  9a..  From  tbe  eighth  column  of  Table  XI,  the 

niieoC  5  opposite  90  is  8  000  lb  per  sq  in;  the  safe  load,  then,  is  equal  to  8  000  lb 

I  psaiiB,  nraUiplied  by  the  aiea^of  tiie  two  duomel^  5.a6  sq.  in,  or  4a 080 lb. 

KttiVlt  14.  What  is  the  safe  atteto  fora  7*hi  is4^h  I  beam  when  used 
atatfrm?   It  is  90  in  in  length  and  free  to  bend  in  either  direction. 

Sotatioa.  From  Table  IV,  page  355,  the  least  radius  of  gyration  of  this  sec- 
^  k  oji%,  and  the  area  is  4.43  sq  in.  ^/r  «< 90/0.78  « 1x5.4.  From  the  eighth 
oinm  d Table  XI,  the  value  opponte  1x5  is  6  750  and  opposite  1 16  it  is  6  700 
Kper  sq  in;  so  for  X15.4  it  would  be  about  6  730  lb  per  sq  in.  The  safe  load, 
tMoie,  is  6  730  ib  per  sqinX4-43sqinB29  8141b. 

I  Bj  acaos  of  the  tables  and  rules  given  in  Chapter  X  the  SEcnoir-AREA  and 
lusr  lAMos  or  gvxation  of  any  standard  section  or  any  combination  of  sec- 
tion iny  be  found;  and  once  these  are  determined  the  strength  of  a  strut  or 
oimi  Dsy  be  readily  computed,  as  in  the  above  examples.   _    

Dm  tf  Table  XI  for  Bccentrle  Load*  for  Steel  Struts.  As  an  illustra- 
tin  of  its  application  to  determine  eccentric  loads,  refer  again  to  Example  i  x . 
Iknfaeof  //r  for  this  column  is  89.  The  safe  unit  fiber-stress  was  found  to  be, 
bf  Fonnula  (xx),  10  245  lb  per  sq  in.  The  practically  identical  result  can  be 
'^(BlBed  by  kxAing  for  the  value  opposite  89  in  colunm  2  of  Table  XI.  It  is 
^■Itobe  102501b. 

^•toction  of  Floor<*Loade  Borne  by  Columns.  (See,  also,  pages  148 
IB 153}  In  tall  buildings  it  is  customaiy  to  reduce  the  column-loads  some- 
vht  faxn.  the  loads  used  in  calculating  the  floor-beams.  Thi^  is  done  on  the 
vQiy^  it  is  quite  impossible  for  the  entire  floor-area  of  every  story  to  be 
^*iU  to  the  maximum  limit  at  the  same  time.  For  all  buildings  except  ware- 
^^■B  it  would  seem,  in  general,  to  be  good  practice  to  design  the  columns  to 
Ctty  at  the  dead  load  and  75%  of  the  assumed  live  load.  Of  course  city 
^vaiy  in  these  requirements.  Thus,  ii  in  an  office-building,  the  dead  load, 
•■lillit  <}f  the  floor-construction,  is  80,  and  the  live  load  80  lb  per  sq  ft,  the  load 

*  tbe  oolumns  would  be  80+  60  *-  140  lb  per  sq  ft  times  the  floor-area  sup- 
Mi  by  the  column.     In  some  cases  the  reduction  might  be  even  greater, 

upon  the  live  load  assumed  and  the  position  of  the  column  in  the 
the  ledactions  being  greater  in  the  lower  than  in  the  upper  stories. 
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Strength  of  CMumns,  Pons  and  struts 
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The  BnHdrngr  Code  of  New  York  City  specifies  that  for  buildings  exceeS 
five  stories  in  height  the  coLUim-LOAos  shall  be  made  up  as  follows:  For  tl 
roof  and  top  floor  the  fall  Hve  loads  shall  be  used;  for  each  succee<fing  low 
floor  it  shall  be  permissible  to  reduce  the  live  load  by  5%  until  50%  of  the  H' 
load  is  reached,  when  such  reduced  loads  shaU  be  iised  for  all  remaining  flooi 
(For  assumed  loads  for  office-buildings,  required  by  the  building  codes  of  se 
eral  dties,  see  page  151). 

Column-Sheets.  In  a  high  building  the  colvun-loads  vaiy  to  such  1 
extent  and  are  made  up  of  so  many  elements,  that  to  avmd  omissions  and  ercc 
it  is  necessary  to  make  a  tabulated  list  of  all  the  loads  transferred  throu; 
the  columns  to  the  footings.  In  a  building  of  skeleton  construction  the  coluv 
LOADS  include  floor  and  roof-loads,  wind-loads,  spandrel  and  pier-loads,  t 
weight  of  the  columns  themselves  and  their  fire-proof  covering,  and  in  some  cat 
special  loads,  such  as  tanks,  vaults,  sales  and  elevator-loads.  In  tabulati 
the  FLO0R-iX)ADS  it  is  advisable  to  separate  the  dead  and  live  loads  for  cc 
venience  m  proportioning  the  footings.  (See,  abo,  pages  148  to  160.)  Forimi 
for  oomputing  the  wind-loads  on  columns  are  given  in  Chapter  XXIX;  thi 
loads,  also,  are  considered  as  live  loads.  Eccentric  loads  «hoald  alwasrs 
tabulated  separately  from  the  balanced  oohimn-loads.  Oiv  luige  491  is  sho' 
a  form  of  coLUMNrfiBEBT  which  oombincs  all  ordinary  requiiements.  1 
TOTAL  load  for  each  story  is  the  sum  of  all  ol  the  loads  above.  The  schedy] 
on  page  492  shows  a  very  convenient  f  ona  for  oolunm-lengths  and  columa-pai 

Important  Holes  H^iardiag  Safe  Loads  «■  ColitBiis.  (Sea  pages  504  a 
505,  and  517  to  554.)  "  For  ratios  of  l/r  up  to  lao  ktid  for  grsater  ratios  up 
200,  use  the  values  given  ia  the  following  table  for  the  allowaUe  iSfeas 
pounds  per  square  inch.    For  intermediate  xatiosi  use  pcopoftioQal  amoanta 


Ratio 

Amount 

'  Ratio 

Amoont 

1 

60 

13000 

«30 

6500 

70 

l«0«O 

140 

600a 

80 

iz  000 

ISO 

5500 

90 

zoooo 

x6o 

Sooo 

xoo 

9000 

X70 

4500 

1x0  ' 

8ae>o  ■ 

'     •     •iSo'^      • 

4000 

X20 

•  7000 

»9o 

3500 

"(5)*  For  bracing  and  combined  stresses  due  to  wind  and  other  loadii 
the  permissible  working  stresses  may  be  increased  25  per  cent,  pcovidad  I 
section  thus  found  is  not  less  than  that  required  by  the  dead  and  live  kM 
alone.* 

"(6).  General.  The  effective  or  unsupported  length  of  main  compresa 
tnembers  shaH  not  exceed  120  times,  and  for  secondary  members  200  times,  1 
least  radius  of  gyration."* 

The  values  for  riitk>s  of  l/r  above  120  are  computed  from  the  formula 

5««  13000— '5oV^, 

but  the  important  condition  should  be  observed,  that  for  l/r  above  120.  oc 
pression-members  should  never  be  used  for  main  members  but  only  as  second 
members  subject  to  wind-stresses,  etc.  (Sec,  also,  page  495  for  manmum  ra 
of  l/r  for  main  members  and  for  secondary  members,  such  as  bracing  alruts»  ,e| 

•TtamUm  Cmrtructfan  Speciacaiiana  <rf the  Amerieaa  Bridge  Compaq, 


CohmuHShMts 
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1 — 

1 

1 

1 

Chancter  of  loading 

Column  No.  z 

Column  a 

stay 

Load  on 

column, 

concentric 

London 
column, 
eccentric 

Rool  attd  oeiting.  dead  load 

Roof  and  ceilins.  Uve  load 

Msffonry  piers 

Efevaton 

ttk 

T««w 

tO) 

Wi^^AJ^itA 

Total 

sqin 

sqin 

Prom  ooinmn  above.* 
^^f^,  d^4  load .  s  J  i .   .  , 

Floor,  live  load 

Maaonry  piers 

Sfandrels 

Safes,  vaalts,  etc.. « 

ITtk 

Colonui  and  casing 

WiiuMoad 7 

Total 

Sectional  area  required ...   .  x  . 

sqln 

sqin 

From  column  above.* 
Floor,  dead  load 

1 

Floor,  live  load 

1 

Ifmonry piers .a. 

j 

'*f*'*'"^eiB.  ■.•.••■•.••.•■••...... 

SiAmmiAV,       ,           .     , 

Coinmn  and  casing 

«in44aad 

Total 

1 

sqin 

1 
sn  in  1 

Deduct  (^}  live  load 

^^^*j^^ 

Total  footing^oad 

V 

■ 
1 

Ama  of  footing  reqviired 

sqft 

ft" 

:  dotrn  the  load  from  the  cohmui  above,  the  eccentric  loads  may  be  added 

plaoad  jg  tha  first  ooluma.  
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Sc]i«diil«  of  ColiHni>->I.«i«tht  and  Puts 


Roof-line 


Top  of  columns 


7th  story 
7th  Floor-line 


6th  Story 


6th  Floor-line 


5th  Story 


)      5th  Floor-line 


xst  Floor-line 


Basement 
Top  of  stool 


Grade  15.0 


Column  No.  i 


T 

i 


Vi 


>/ 


23*4 


#/ 


t 

i 


.^\" 


T 

4W" 

i 


I 


i   H" 


3: 

P(«0 


13'  10"      I 


X 

o  a 


Coliimn  No.  a 


t 
i 


II' 2* 


T 
i 


vX 

gs 


>  l^blcs  of  StJe  Loads  for  Steel  Cohimna  493 

*IL     Safa    I.«»te    In  Vaimdi  p*r   Sqntn  Inch  ol  Hatil  An*  far  flIMt 


I-la«< 

bmiBcln) 

r  -  leut  ndiiu  of  srntioD  in  bche* 

biAiae'm 

too.- 

Phita- 
dtdphim 

bsfore 

Wuh- 

mglon. 

■Bd 

Am. 

PoirlBT'E 

formulm 

Cunbria 

1919 

D.C.t 

N.  V. 

7ft 

CMMgl. 

nnrt. 

l/r 

! 

1    1"^ 

,      I 

1- 

f  - 

1 

1 

sKi 

eJ^i 

g^l 

% 

~~U 

M 

ft 

fk 

-V 

1   is 
"  + 

1 

8 

1  - 

i| 

i 

1    - 

" 

- 

»S=i 

s^ 

- 

n 

ni 

IV 

V 

VI 

VII 

VHI 

IX 

unc 

Moao 

1J460 

13900 

14  9*5 

IS»6S 

0830 

14  Ms 

IS2» 

13344 

13  760 

10900 

□  us 

«4rts 

1SI7S 

U«90 

10  830 

HTQS 

IS"S 

13  nS 

13610 

10  Boo 

ifm 

M«» 

at6s 

14  MS 

13111 

■3  4*0 

36 

sou 

H4SO 

10650 

37 

aao 

«4  36s 

"996 

10600 

38 

"W 

T4»75 

14870 

1.938 

HUD 

MI85 

.»«.s 

iiaso 

13000 

11811 

10450 

II »» 

MOOS 

W764 

13060 

10400 

ii«90 

13  9IS 

I4<S0 

I1T06 

11990 

ijeoo 

II  Me 

14590 

I164S 

13  9» 

tll3S 

13  ns 

11 590 

IlSjo 

10  ISO 

iiaos 

13630 

ii7«o 

46 

nTto 

I3S3S 

14  410 

13000 

n7J9 

t3*¥> 

I4  3JO 

11416 

II 640 

48 

mao 

13340 

141«S 

"3S» 

49 

n«»o 

13340 

lijoo 

11 500 

uUo 

1314s 

14160 

uiy 

99SO 

nfao 

MO»S 

11.84 

11360 

51 

I3  94S 

131)6 

9850 

nsSs 

II»4S 

«9^ 

Iio«8 

13000 

9800 

HUB 

U64S 

13S3S 

I19SJ 

iieee 

9700 

56 

;    nA 

WS4S 

II 894 

9650 

U4]D 

13  TOO 

K836 

II  940 

13000 

58 

13630 

II 77* 

9SSO 

1    n^ 

11  MO 

13560 

1    U2» 

I»I40 

13490 

ii6«i 

12900 

9450 

13  430 

II 604 

11660 

61 

11940 

nS4fi 

6j 

iiS«o 

II  488 

9J0O 

64 

iiias 

9K0 

65 

H640 

.I3S0 

9100 

66 

11540 

67 

.  uoto 

111S6 

II 140 

68 

iJi^ 

11340 

U9« 

iiigg 

IIITO 

11 100 

9«W> 

«» 

w  Yoffc  Code.  Newuk.  N.  J.,  j 
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/• 

*  length  in 

inched 

"•^ 

*•     * 

f  » least  radius  ol  gyration  in  mcfaes 

Raokine's 

Chi- 

Am. 

FoWlei'* 

(Got- 

don'0) 

and 

Cambria 

PhUa- 
delphia 

Boeton,* 

b^Cofe 

1919 

Waah- 

ington, 

D,  Ct 

cagot 

and 

N.  Y. 

Bridge 
Co.  and 
Carnegie 

formml* 
for 

i/r 

I 

M 

• 

1 

1 

§ 

so 
*^ 

•* 

8. 

•• 

§ 

M 
h 

■f 

00 

1 

§ 

10 

Ill 

1    0  0 

^8 

01 

M 

ft 

1 

61 

»• 

»« 

I 

II 

III 

lY 

V 

VI 

VII 

VIII 

70 

XX  000 

XX  240 

12850 

II 140 

XX  xoo 

uooo 

9000 

71 

10965 

IX  X40 

12780 

XI  082 

XI 030 

11900 

«950 

32 

10930 

XI 040 

U7X0 

XX  024 

X0960 

II 800 

6900 

73 

X0890 

10940 

12640 

X0966 

XO890 

II  700 

6850 

74 

10850 

IOS45 

12  565 

X0908 

XO&30 

II  600 

S800 

75 

X08XO 

10750 

12490 

X0850 

X0750 

II 500 

«7SO 

76 

10770 

10655 

i2  4ao 

10792 

10680 

II 400 

&  700 

77 

10735 

X0560 

12  345 

10734 

X06IO 

II 300 

8650 

78 

10695 

10465 

xaa7o 

10.676 

10540 

II  200 

8600 

.79 

X0655 

10370 

12  195 

X0..618 

10470 

II  xoo 

8550 

80 

10  615 

10275 

12  L20 

10560 

10400 

II  000 

8  SCO 

8z 

XOS75 

10180 

12045 

X0502 

10330 

10900 

8450 

8a 

xo  535 

10085 

1x970 

X0444 

10260 

X0800 

8400 

83 

10495 

9990 

XX  895 

X0386 

JO  190 

10700 

8350 

84 

10450 

9900 

1X835 

X0328 

X0X20 

10600 

8aoo 

85 

104x0 

9810 

1X755 

10270 

10050 

X0500 

8950 

86 

10370 

97^0 

IX6B0 

10  212 

99BO 

X0400 

8aoo 

87 

XO330 

9f«o 

1x605 

10154 

9910 

10300 

8  X50 

88 

xoa9o 

9540 

1x530 

10  096 

9840 

10  200 

8  zoo 

89 

10  j^ 

9450 

1x460 

10.038 

9770 

10 100 

8050 

90 

xoaos 

93f» 

U390 

9980 

9700 

10  000 

8000 

91 

10 165 

9270 

1x3x5 

9J^ 

9630 

9900 

8950 

9a 

xoia5 

9»8S 

11240 

9864 

9560 

9S0O 

8900 

93 

10085 

9100 

xz  X65 

9806 

9490 

9700 

8850 

94 

X0040 

9015 

XI 095 

9748 

9420 

9600 

&800 

9S 

9995 

8990 

II 025 

9690 

9350 

9500 

.     7  7SO 

96 

9955 

8845 

I0  9S0 

9^32 

9280 

9400 

<     7TOO 

97 

99x5 

8760 

10880 

9  574 

9210 

9300 

7650 

98 

9875 

867s 

XO&IO 

9516 

9140 

9200 

7600 

99 

9830 

8590 

10740 

9458 

9070 

9x00 

7550 

100 

9785 

8510 

Z0670 

9400 

9000 

9000 

7SOO 

lOI 

9740 

8430 

X0595 

9342 

8930 

8900 

7450 

xoa 

9^ 

8350 

10525 

9284 

S860 

8800 

7400 

103 

9650 

8370 

10455 

9226 

8790 

8700 

7iS0 

X04 

9610 

8x90 

10385 

9168 

8720 

8600 

7300 

IQS 

9570 

8  115 

10315 

91x0 

8650 

S500 

7  aso 

106 

9525 

8040 

10  345 

9052 

8580 

8400 

7aoo 

i«7 

9480 

796s 

10 175 

8994 

85x0 

Sjoo 

7  150 

loB 

9435 

7896 

•      XOIQ5 

8936 

8440 

8aoo 

7  MO 

109 

9395 

7«I5 

10  035 

8878 

8370 

tSioo 

1      7050 

*  New  Boston  Code,  20  000—  xoo  /  r;  nuTimum  /.  r,  160;  maximum  stress,  x: 
t  Also  old  New  York  Code,  Newark.  N.  J.,  Atlanta,  Ga..  Worcester,  Mass..  et 
X  Am.  R'y  Engig.  Ass*n  the  same  up  to  l.'r,  xoo,  tor  main  mr mhrrs.    Maxjjnuxn. 
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M 
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b  the  Cdhpasattve  Diagkam  (pace  496)  or  Coidsbssion  FosMinAs  the 
btt  of  the  formulas  and  the  msTlniTini  ratio  of  f/r  for  main  membcxB  and 
BOKfarjr  msmbers  are  as  follows: 


f 

^  CoanpRaaon-larmtdas 

I 

I 

Bridee  Compaay 

Kssway  EngiBeenng  AsBocistion 

Bnidlng  laws 

^s  (Gecdoa's)  lonmila. 

York  Baadins  Laws 

Iliddpln  Bcdkriag  Laws 

|ta  BoAfiag  Laws  (befooe  1919) 

lltaiBiiifiBsI^ws  (siace  1919) 

*f  f§ce  feot-ootet  on  pages  493  and  494- 


jnaxnnnaa  ratio  01  t/r  f 

Kain 

Secondaiy 

members 

members 

lao 

300 

TOO 

T30 

!»• 

150 

aoo 

200 

tto 

X20 

140 

140 

Z20 

120 

160 

x6o 

I  See  important  notes  oDf>age  490. 
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Strength  of  Cc^umm,  Posts  and  Struts 


Chap. 


TbU«  Sn.*   Saf«  L«ads  bi  T<mt  of  a  doo  Poaitdfl  for  £<trt-Strosg  9Hi 
Pipe  CehuBiit.    Se«  Nationsl  Tbbe  Companr's  Handbook  for  Values  of  r  Uaa 

Loads  in  tons  of  a  ooo  pounds.    Table  based  oa  New  York  and  Cbica«o  laws.     F 
mula  used  5*i6  ooo  —  70  l/r,  in  which 

5*  allowable  compre^lve  stress  for  steel  In  pounds  per  square  inch, 
/—  length  of  column  in  inches, 
f  "  least  radius  of  gyration  in  inches. 
Loads  above  or  to  the  left  of  the  dgzag  lines  correspond  to  values  of  t/r  sreater  than  i 


Nominal  sizes  of  pipe 

.    Inside  diameters  in  inches 

Lengths. 

2 

2H 

3       1    3H    1      4           aH    \ 

5   1 

'     1 

: 

a 

Thickness  in  decimal  parts  of  an  inch 

0.3x8 

0.376 

0.300 

0.3x8 

0.337 

0.355 

0.375 

5-432 

o-J 

40 
36 

33 
30 

27  .. 

24 

2.91 
3.7a 

4.53 

5.34 

* 

3*69 
4.7X 
5.74 
6.76 
7.79 

6.29 

8.52 

9.64 
xo  75 

's!78 

8.14 
Z0.31 

12.87 

7.68 
10. 19 

12.69 

I  ^.30 

9.74 
X2.38 
X5.02 

X7.66 

XX. 3Z 
X5.39 

18.  X9 
?o.98 

14.16 
18.09 

93. 8x 
28.6a 

22 
33 

44 

23 
30 

3X.8^ 
3507 

38  29 

41. 51 

44-72 

46.33 
47.94 

49. 55 
5X.z6 

52.76 

55.98 
57.79 
58.8* 

48 
52 

x8 

23.77 
26.56 

29.35 

30.75 
32.15 

33.54 
.34.94 

36.33 

37.73 

39. X2 
40.52 
4X.92 

S6 

x6 

20.31 

22.95 

24.27 
25.59 

26.91 
28.23 

30!  88 
32.20 
33  32 
34.84 

59 

14 

X7-7X 

X8.96 
30.22 

31.47 
23.72 

23.98 
25  •  23 
36.48 
27  74 
28.99 

63 

13 

IS 

1406 
X5.24 
16.42 
X7.60 

18.  t9 
X9.97 

21.15 
22.33 
23.52 

55 
67 

XX 

xo 

11.87 
Z2.98 

14.09 
15.21 

X6.33 

X7.44 

X8.5S 

69 

70 

1 

8.81 
983 

X0.86 
XZ.88 

X2.9X 

7« 

74 

I 

S 

6.15 
6.96 

7.77 

7« 
78 
78 

Nominal  sizes  of  pipe.    Inside  diameters  in  inches 

LongUis, 

8 

9 

XO 

ir 

12 

X3 

'♦    1 

XJ 

ft 

Thlckne 

SS  in  dedr 

r\?.\  or.rts  < 

^f  an  inch 

0,500 

0..S00 

0.500 

0.500 

0.500 

0.500 

0.500 

o-i 

40 

27  •do 
35. OS 

40.14 
47.59 

54.25 

66.80 
74.26 

79-36 
86.82 

95.06 

102. 52 

107.6a 

rrs.oS 

120 

36 

6r  71 

X27 

33 

40.64 
46.23 

53. x8 

67.30 
72.89 
78.48 

79.8s 
85.4s 
91.04 

92.41 

98.00 

X03.60 

XO8.ZI. 

XX3.7O 

XI9.3O 

120.67 
Z26.27 
X3X.86 

<33 

30 

58.77 
64.36 

135 

27 

51. 8z 

X44 

24 

57.40 

69.95 

84.07 

96.63 

X09.19 

X24.89 

X37.4S 

Z50 

23 

61.13 

73.68 

87.80 

X00.36 

XX2.92 
XX6.65 

128.62 

X4i.t8 

X53 

20 

64.8s 

77.40 

9X.53 

X04.09 

X32.35 

X48!64 

XS7 

x8 

68.58 

81. x^ 

95.26 

98.98 

xo!ii.7X 

X07.83 

120.38 

136.08 

i6t 

z6 

72  30 

84.86 

XII. 54 

124. 11 

139.81 

XS2.37 

'M 

14 

76.03 

88. sS 

XXS.27 

127.84 

X43.S4 

X56.10 

X3 

77.89 

90.4s 

XO4.58 

XX7.X4 

129.70 

145.40 

X57.97 

XT* 

12 

79.75 

92. 3X 

X06.44 

119.00 

X3X.S6 

X47.27 

«S9.44 

XJO 

xz 

8x.6x 

94. X7 

X08.30 

X20.87 

X33.43 

X48.44 

XS9.44 
X59.44 

X70 

10 

83.48 

96.04 

xro.17 

122.73 

X34.70 

148.44 

170 

I 

85.34 

97.90 

X12.03 

123.70 

X34.70 

148.44 

XS9.44 

170 

87.20 

99.76 

1x2.70 

123.70 

X34.70 

X48.44 

XS9.44 

170 

7 

89.06 

too. 33 

X12.70 

123.70 

X34.70 

X48.44 

159. 44 

X70 

6 

89.34 

100.33 

112.70 

X23.70 

X34.70 

148.44 

XS9.44 

170 

.S 

89. It 

TOO.t^ 

ir-'.To 

r'»^.'»o 

ttt.70 

148.44 

X59.44 

xjtt 

*  J\inarind  by  thv  Nattb^  Tnbt  Companr*  Fittibiifgb,  Pk. 


Tables  of  Safe  Loadt  for  Steel  Cfdtimiis 


la  Xkbs  •f  a 
Pidr«f  aiMi 


WmmOB  iac  Alnito  ittmtd 


499 
0fa 


Distance  between  webs,  H  in 
H  ftnit  is  £ree  to  bend  in  either  direction,  use  smaller  load  given 

Stresses  in  pottnds  per  square  Inch:  ^ 

u  ooo  for  lengths  of  30  radii  and  under; 
13  soo  —  SO  l/r  for  lengths  over  30  radii 


i        ' 


Defith. 


m 


Wei^t 

per  Tin 

loot. 

Ibt 


Thick- 
ness 
of  web, 

in 


43-9 

55-0 
40.0 

45 -« 

50.0 
55  o 


ao.7 
as.o 
30.0 

35.0 
40.0 


0.40 
0.4a 

O.S3 
0.63 
0.72 
0.81 


20.0 

25  o 
30.0 

3S.O 


13  4 
15.0 
30. 0 

25.0 


0.28 

0.39 
0.51 
0.63 
0.76 


0.34 
0.38 

0.53 
0.67 
0.82 


0.23 
0.39 

o  45 
0.61 


Area 
of  two 
chan- 
nels, 
sqln 


in 


19. 8o- 
30.46* 
33.  to 

26.34 

29.38 

32  " 


12. 06 
14  64 
17  S8 
20.52 
23  46 


7.78 

8.78 

Ti.72 

X4.66 


x.a8 

1  47 
5. 58 
1.46 

5-44 
X  45 
5.33 
X.46 
5.3a 

1.47 
S.16 


lOX 

xx8 
105 
123 
120 

141 
134 
158 
150 
176 
16s 
X94 
4 


X.34 
4-6x 

3x 

43 


.38 
3X 
x8 
88 


4.09 


1.34 
3.87 

X.30 
3.66 
X.30 

352 
1.2a 

3.42 
i.a6 

3.34 


X.X9 

3.49 
I  X7 
S-40 
1.15 
3*29 
X.17 
3.10 


Lencth  in  feet 


8 


.57 
.80 

.32 
.48 

13 
.xa 

.91 

.88^ 

.361 

.52 

.60 

.x6 


S9.8X 
73.36 
72.32 
88.ao 
86.52 
105.84 

101.25 

123.48 
1x6.01 
Z4X.xa 


42.94 
53  52 
55.86 
70.56 
60.82 
88.20 
84.40 

X05.84 
99.76 

123.48 


36.83 
46.68 

4x45 
52.92 

^U 

70.50 

69.09 
87.83 


97 
xx8 
xox 
x«3 
XX5 
X4I 

\% 

144 
X76 

159 
X94 


56 

80 

X3 
48 
30 

13 
48 

88 
23 
52 


10 


93. 
X18. 

96 
xa3 

XIO, 

141 

123, 

158 

138 

176 


.■55 
80 

93 


II 


89. .'J4 
XX8.80 

92.73 
48,123.48 
48I  103.66 


xa 


00|I52 

x6  194 


57 
72 
68 

88 
82 

X23 

no. 
141 


IC 

36 

95 
ao 

46 
84 
52 
48 
66 
xa 


12 

99 
88 

ao 

52 
40 
x6 


40 

S3 
52 

87 
80 

105 

.  94 

12a 


78 
52 

56 
15 
94 
04 
X3 
8a 

34 


54 
72. 
65. 
88. 
78. 
105. 

91 
X23. 

105. 

X4X. 


40 
36 
60 
ao 
36 
84 
78 
48 
31 

X2 


34.87 
46.48 
39.18 
52.52 

.51.77 
69  50 
65.31 
86.43 


38 
53 

6a 
86 

75 
103 

89 
X20 


64 
29 
98 
73 
47 
69 
71 


141. 12 
XI8.5O 
158.88 
X32.X7 
X76.52 
145.78 
X94.X6 


85 

1X8 

88 

X23 

100 
X4X 
XI3 
xs8 

X26 

176 
139 
194 


51.70 
72.36 

62. 2X 

88.ao 

74.30 
105.48 

87.10 
122.6s 

99.96 
139.82 


48 
80 
54 
48 
78 
12 
00 

88 
06 
52 
22 
x6 


49.02 

7X.99 
58.83 
87.28 
70.25 
X04.25 

82.37 

X2I.X6 

94.66 
X38.06 


36.48 
52.6a 

47.04 

68.79 
58.80 

85.44 

71-35 

63  xoa.04 
93]  85.04 
49  XX8.64 


32.91 
45.82 

36.93 
5X.8X 

48.71 
6B.38 

61.55 
85.00 


34.32 
SX.91 
44.10 
67.82 
55.12 
84.  X9 

67.03 

100.20 

80.16 
XI6.79 


30.94 
45x6 

34.66 
50.98 
45.65 
67.29 
57.77 
83.56 


28.98 
44.50 
.32.41 
50.10 

42.57 

66.aD 
54.00 
8a.  17 


14 


77-44 
XX8.80 

80.09 
123  00 

9x14 
140. 4X 
xoa.o8 
X57.82 
114.00 

17475 
126.10 
192.00 


43.62 

70.43 
52.0^ 
85.26 
6a. 09 

101.78 
72.90 

118.33 
83.96 

134.6s 


30.01 

50.43 
38.2a 

65.8s 
47.77 
8X.69 

58.34 

97.41 

70.33 

XX3.X3 


•The 

♦or 


ynxy  riigsbtly  with  riigbt  changes  in  sectioa-aiMis  ci  ctaannels. 
cbaxmeL 


500 


Stiength  of  Columns,  Posts  and  Struts  Chap. 


Tftlii«  Ziy\c«nlliiMd).'  Sat*  Loads^  in  Tms  oI  aooo  PMads  for  Stn« 

Formed  of  a  Fdr  of  Stool  Chonnols 


Difltanoe  between  webs,  H  in 
If  strut  is  free  to  bend  in  either  direction,  use  smaller  load  given 

Stresses  in  pounds  per  square  inch:  »^_ 

11  000  for  lengths  of  50  radii  and  under; 
13  Soo  —  50  l/r  for  lengths  over  50  radii 


Depth, 
in 


8 


WeiRht 

per  tin 

foot, 

Ibt 


XI.  50 

13. 75 
16.35 

18.7s 
21.35 


9.80 

X2.35 
14.75 

17.  as 
1^75 


8.03 
XO.50 
13.00 
tSSo 


6.70 

9.00 

XZ.50 


5. 40 
6.35 

7. as 


Thick- 

ncss 

of  web, 

in 


Area 
of  two 
chan- 
nels, 
sq  in 


0.33 
0.50 
0.40 

0.49 
0.58 


0.3I 

0.31 

0.43 

0.52 
0.63 


0.30 
0.31 
0.44 

o.s6 


0.19 
0.33 
0.47 


o.x8 
0.35 
0.3a 


S-70 
7.16' 

8.64 
10.  xo 
JI.58 


4.78 

6.14 
7.63 
9.0S 


3-90' 
5. 26 
6.72- 


in 


1.04 
3.X0 
1.04 

2.99 
1.03 
3.89 
1.03 
2.82 
1.03 
2.77 


0.99 
2.72 
0.99 

»  59 
0.99 
2. 51 
x.oo 

2.44 

x.oo 

2.39 


0.94 

9.34 
0.94 

2.28 
0.9s 
3.13 
0.9s 
2.07 


0.89 

1.95 
0.90 
X.83 
O.9X 
X.76 


0.84 
0.84 

x.SO 
0.84 

t.47 


Length  in  feet 


33.63 
36.8s 
40.56 
44.44 
47.  to 

60.61 

62.  S3 
68.75 


iB.ll 
31.3s 
35.51 
39.60 

42.71 
47.74 
SO.  19 
SS.77 
57. 52 
63.91 


23.02 
26.18 
29.89 
33.99 
37." 
42.02 

44.30 
SO.  16 


18.43 
21.45 
25.17 
29. IS 
32.26 

37.18 


14.28 
17  05 
16.9s 
20.24 
19.62 
23.43 


31.70 
36.85 
38.23 

44.44 
45.05 
Sa.58 

51. 93 
60.61 

58.90 

68.75 


8 


26.39 
31.3s 
33.33 

39.60 
40.18 
47.74 
47.15 
55. 77 
54.03 
63.91 


20.76 
30.85 
35.89 
44-44 
42.25 
52.58 
48.70 

6o.6i| 
55- as 
68.75 


21.50 
26.18 
27.91 
33.99 
34.68 
42.02 
41.40 
50.16 


17.13 
21.45 
23.41 
29.15 
30.03 
37.18 


13.17 
10.75 
IS.  64 
19.72 
18.10 
22.63 


24.66 
31-35 
31.  IS 
39.60 

37.56 
47.74 
44.10 
55. 77 
50.54 
63.9* 


S.98 
.18 

25.94 
33.99 
32.27 
42.02 

38.5 
50 


S 


15.81 

21.45 
21.65 

28.83 
27.81 
36.36 


12.07 
16.15 
14.33 
18.99 
16.59 
21.75 


27.83 
36.8s 
33.57 
44.44 
3948 
52.58 

45. 51 
60.61 
.51.62 
68.75 


22.94 

31.35 
28.08 
39.60 
34.93 
47.74 
41.06 

55.77 
47.06 
63.91 


18.46 
26.18 
23.97 
33.99 
29.87 
41.88 
35.66 
49.68 


14.49 
ao.92 

19.87 
27.97 
25.58 

35.ao| 


10.96 

15. 55 

13.02 
i8.a6 
15.07 
20.87 


10 


25.91 
36.SS 
31.34 

44.44' 
36.6«; 

52.58 
42.39 
60.61 

47.96 
68.75 


2t.ao; 

31.35 
26.78 

39.60, 
32. a8 

47.74 
38.03 

55.77' 
43.57 
63.91. 


16,94 
a6.o3 

22. 00. 
33-32 
27-44, 
40.81I 

32.78 
48.33 


2 
44 
33 
52 

44 


19 
31 
24 

38 

as 
41 
34 

54 
4C 
6a 

I* 
as 

3S 

a: 

3! 


13- x8 

20.32. 

xS.xi 

27.10" 

23.35 

34.03 


x: 

t 

a 
2 
3 


9.«S  . 

XX. 70!  . 

17. S3  1 

»3.54  . 

29.98  ] 


*  The  value»iTaiy  sKfcbtbr  with'slight  changes  in  section-areiA  of  chumeU. 
t  Of  single  channel. 


Tables  ci  Safe  Loads  for  Sted  Columns 


fiOl 


Idto  XV.     Sill*  Loads 


is  Tons  of  a  ooo 
Struts 


Fovads  t9t  fiimlff  fityi  Atgin 


Angixs  with  Unequal  Legs 

StresMB  in  pounds  per  square  inch: 
II  000  lor  lengths  of  50  radii  and  under, ' 
13  500  —  50  l/r  for  lengths  over  50  radii 


xa 


Thick- 
aess, 
in 


•  X4 
J   X3H 
5  X3 
4MX3 
4   X3H 
<  X3 

JHX3 

J  XaH 
J  Xa 


H 

H 

H 
34 

Ma 

Me 
f4 

Ma 
94 

Me 
H 

Me 

H 

H 

^4 

H 
H 

H 
H 

M 
H 
H 


r 
axis 

3-3.* 
in 


0.88 
0.86 

0.76 
0.75 

0.66 
0.64 

0.66 
0.64 

0.73 

0.6s 
0.64 

o.<^ 
0.62 
0.63 

0.54 
0.54 
0.53 

0.53 
0.5a 
0.5a 

0.43 
0.43 
0.43 

0.4a 
0.42 
0.42 


Area, 

sq  in 


I 


3.6x 
7.99 

30s 
5.81 

a.40 
5.44 

a.  35 
5.06 

3.35 

5.06 

a. 09 
4.69 

1.93 
3.30 

3.67 

1.44 
a. XX 

2.75 

1.31 
1.93 
a. 50 

X.19 
X.73 
a. 25 

X.06 

1.55 
a. 00 


Length  in  feet 


4 

5 

•  •  •  « 

42.78 

•  •  •  • 

•  •  ft  * 

•  •  •  • 

«  •  ft  ft 

a   •  ft   ft 

24.66 

XX. 49 
25.73 

xo.as 

33.86 

9.35 

XI. 07 

17.67 

6.53 

9.55 

12:34 

5.88 

8.53 

IX.  10 

4.71 
6.85 

8.91 

4. 13 
6.03 

7.79 

ft  •  •  • 

40.00 

ft  «  ft  ft 
•  ft  ft  ft 

»  ft  ft  ft 
ft  •  ft  ft 

ft  ft  ■  • 

33.39 

10.57 
33.63 

9.28 
20.67 

8.43 

9.96 

15.90 

5.72 

8.38 

XO.78 

5.13 

7.42 
9.66 

3.88 
5.64 
7.34 

3.37 
4.93 
6.36 

6 


ft  •  ft  ft 


37.21 


34.44 


19.92 

9.65 
21.51 

8.32 
18. 4Z 

7.51 

8.84 

14.13 

4.92 
7.2X 

.9.33 

4-39 
6.31 

8.33 


17.55 

8.72 
19.40 

7.36 
16.27 

6.59 

7.74 

13.35 


8 


31 


17 


14 


64 


x8 

79 
29 

39 
07 


j8 


6 
15 


86 


10 


36. 


07 


S6 
18 


,*  Tin  a  the  least 

^IMS»j62 


fadins  of  gyratioa  with  reference  to  the  diagonal  axis  3-3. 
to  365.) 


(See 


502 


Sttehgtfa  of  Columns,  Posts  and  Struts  Chap. 


TAbfo  TT  (CMtfiBtt6d>.    8cf0  Lotdv  is  Tom  of  a  ooo  Pnmds  ibr  8iB||»- 

Ste«l-Aii|iye  Strata 


Angles  with  Equal  Legs 

Stresses  in  pounds  per  square  inch: 

II 000  for  lengths  of  50  radii  and  under; 

13  soo  —  50  J/r  ft*  lengths  over  50  rsdii 

Size, 

in 

Thick- 
ness, 
in 

r 
axis 

3-3.* 
in 

Area, 
sqin 

Length  in 

feet 

4 

5 

6 

7 

8 

9 

l< 

6    X6 

H 
H 
Ji 

1.19 
I.x8 

1.17 

4.36 
7.11 
9.74 

23.98 
39.10 
53.57 

23.93 
38.96 
53.27 

22. 83 
37.14 
50.77 

21.74 
3535 
48.28 

ao.64 
33.54 
45.77 

1954 
31.74 
43.26 

z8 

29 

40 

5    XS 

H 

0.99 
0.97 
0.96 

3.61 
5.86 
7.99 

19.85 
32.23 
43.94 

18.89 
30.50 
41.44 

17.80 

a8.6S 
38.95 

16.71 
a6.86 

36.4s 

I5.«4 
as. 06 

33-95 

14.53 
23.  a4 
31.46 

13 
ai 
as 

4    X4 

H 
H 
H 

0.79 
0.78 

0.77 
0.77 

2.86 

3. 75 
4.61 

5.44 

14.96 
19. 54 
23.93 
28.  a4 

13.88 
18.10 

22.13 
26.12 

12.79 
16.65 
20.33 
23.99 

11.71 
15.  aa 

18.55 
ai.89 

10.61 
13.78 
16. 75 
19.77 

9.53 
12.33 
14.9s 
17.6s 

•  • 

•  * 

•  • 

3HX3H 

0.69 
0.68 
0.67 
0.67  . 

2,09: 
3.2s 
3.98 
4.69 

XO.47 
16.20 

19.74 
13.26 

9.56 
14.77 
17.95 
21.16 

8.65 
13.34 
16.17 
19.06 

7.74 
11.90 

14.39 
16.96 

6.83 

10.47 
ia.€i 
14.86 

•  •  •  • 

•  ■  ■  • 
■  •  •  • 

•  •  •  • 

■  « 

•  • 

•  • 
«  ■ 

3    X3 

H 
H 
H 

0.59 
0.58 
0.58 
O.S7 

1.44 

2. II 
2.75 
3.36 

6.79 
9.88 

ia.87 
15.60 

6.06 

8.78 

11.45 

13.84 

532 

7.69 

10.03 

12.07 

4.59 

6.60 

8.60 

10.30 

•  •  •  • 

•  •  «  ■ 

•  •  ■  • 

•  •  •  • 

«  •  •  • 

■  •  •  • 
•  •  •  • 

■  •  •  • 

•  • 

•  • 

•  m 
m  • 

2HX2W 

Me 

H 

0.49 
0.49 
0.48 

0.47 

0.90 
1.19 
1.73 

a.  25 

3.87 
5.10 

7.35 
9.44 

3.32 
4.39 
6.27 
8.01 

a. 76 
3.66 
5.19 
6.57 

k  •  »  • 

V  •  •    ■ 

a   •  •   • 
•  •  •   • 

•  •  •  • 

•  •  •  • 
»  •  •  • 

•  ■  •  • 

■  •  «  ■ 

•  •  ■  • 

»  •  *  « 

•  ■  •  • 

•  • 

•  • 

2HX2H 

0.44 
0.44 
0.43 
0.43 

0.81 
1.06 

I.5S 
I.7S 

3.26 
4.26 
6.13 
7.14 

2.70 
3.54 
5.0s 
5.80 

•  ■  •  • 

2.80 
3.95 
4.53 

•  ■   •   • 
a    ■    •    ■ 

•  «    •    • 

■   •   ■    • 

■  •  ■  • 

•  •  •  • 

•  ■  •  • 

•  •  •  • 

•  •  «  • 

•  •  •  ■ 

•  • 

•  • 

2      X2 

0.40 
0.39 

0.72 
0.94 

2.70 
3.45 

2.16 
2.72 

■  •  •  ■ 

2.00 

•  •    •    • 

•  •   •    ■ 

•  •  •  « 

•  •  ■  ■ 

•  •  >  • 

•  •  •  • 

•  ■ 

*  This  is  the  least  radius  of  gyration,  with  reference  to  the  disgonal 
Table  XII,  pages  366  and  367.) 


axis  3-3. 
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XWL    9aim 


bk  Tubs  of  t  oov  PmudM  fbr  Donbf e-Stocl-Aagl* 
DliiitB 


LOK 

Legs  F 
StresM 

'AKAIrlJtTr 

AMD  Oke-Hat:v  iMr 

H  APil 

\^T 

f 

t 

!•  In  pounds  per  square  inch: 

12  ooo  Cor  lengths  of  50  rkdii  and  tmdor; 

H" 

13  500  ~  50  I/r  for  lengths  over  50  radii 

ir 

^. 

Thick- 
in 

Least 
r, 
in 

Area 
two 

angles. 

sqin 

Length  in  feet 

• 

a 

5 

6 

7 

8 

zo 

11 

12 

\  X< 

1  x* 

I 
H 

2.49 

2.(55 
i.«7 
1.74 

13. 52 

26.8a 

7.22 

1494 

'74.36 

X47.51 

39.71 

82.17 

74.36 

147.51 

39.71 

82.17. 

74.36 

147.51 
3965 
82.17 

74.36 

147-51 
38.35 
80.26 

74.36 

147.51 
35.77 
75.07 

73.34 

147.51 

34.47 

78.50 

71.72 

144.62 

33.14 

69.91 

X3H 

H 
H 

1.43 

1.46 
1-49 
1.52 

6.84 

9.00 

II.  10 

14. 12 

37.62 

49.50 
61.05 

77.66 

37. 57 
49-50 
61.05 
77.66 

36.13 
47.81 

59  27 
75.82 

34.69 

45  97 
57-05 
73.03 

31.82 
43.27 
58.51 
67.48 

30.38 

40.41 
50.39 

64.6s 

29.00 

38.56 
48.07 

61. 88 

X4 

X3H 

H 

■     H 

9< 

159 
1.54 
1.51 
l-SS 

6.46 
12.38 

6.10 
11.62 

35.53 
68.09 
33.55 
63.91 

35.53 
68.09 
31  55 
63.91 

35.07 
66.69 
32  70 
62.69 

33.86 
64.28 
31  49 
6o.4S 

31.41 

59  45 
89.05 
55. 95 

30.20 
57  04 
27.84 
53-71 

88.99 
54  62 

26.64 

51-44 

X3 

H 

?4 

1-27 

I.JO 

X.33 
1.36 

S.72 

7.50 

9.23 

10.88 

31  46 
41. 2S 

SO.  71 
59-84 

30.50 
40.23 
49.76 
58.94 

29.15 

38.51 
47.69 
56.63 

27.80 
36.73 
45.59 
54.83 

25*09 
33.3a 
41.40 
49. 48 

83. 75 
31-59 
39.30 
47.05 

38.39 
89-85 
37.89 
44.66 

xa4 

H 

H 
H 

1. 25 

1.20 

1.26 

Z.22 

5.34 
10.12 

4.96 
9.38 

29.37 
55.66 
27.28 
51.59 

28.35 
53.13 
26.28 

49.47 

27.07 
50.60 
25.1a 
47.18 

25.79 
48.07 
24.00 

44.8s 

23.23 

43.01 
21.64 
40.24 

81. 94 
40.48 
80.49 
37.94 

20.66 
39-95 
19-30 
35.64 

1X3,4, 

H 

X.Z2 
l.IO 
1.09 

z.n6 

2.88 

4.22 

5. 50 
7.30 

15.58 
22.73 
29.56 
38.92 

14 .81 

21.59 
28.05 
36.86 

14.03 
20.42 

26.53 
34.78 

13.26 
19.28 
25.02 
38.74 

ir.78 
16.97 
21.98 
28.58 

10.9s 
15.82 

80.47 
26.51 

10.18 
14.67 
18.96 
84-43 

X2 

H 
M 
Ms 

0.93 

0.92 

0.79 
0.75 

2.38 

4. SO 
X.62 
4.00 

12.22 

83.04 

7.86 

19.00 

11.45 

21.58 

7.84 

17.40 

10.69 

ao  10 

6.63 

15.80 

998 
18.64 

6.01 
14.20 

8.39 

15.70 

•  •  •  • 

•  •  ■  ■ 

7.62 
14.83 

•  •  •  ■ 

•  •  •  • 

•  •   m  9 
■   •  •   • 

•  ■  •  « 

•  •  •  • 

Ms 

0.62 
o.6z 

1.44 
1.88 

6.23 

8.06 

5.54 
7. 14 

4.82 
6.20 

4.13 
S.26 

•  *  •  • 

•  •  •  • 

•  •  «  « 

•  •   •  « 

«   •   ■   • 

M 


Strength  of  Columas,  Posts  and  Struts 


Chap 


XftUe  TVSL*    8afe  Load* 


in  Units  ^.i4M 
Coll 


Allowable  fiber-streu  in    pounds  per   sqixare  incl 
13  000  for  lengths  of  60  radii  or  under 
Reduced  for  lengths  between  60  and  lao  vadii,   t 
Formula  (13), 

5  -  19  000  —  lool/r 
Weights  do  not  include  details 
For  values  for  l/r  above  120,  see  notes  on  page  490 


Effective 
length, 


2 
3 
4 
5 
6 

7 
8 

9 
10 

II 
la 

13 
14 

15 

16 

17 
18 

19 

20 

ai 
22 
23 
34 

as 

26 

27 
28 

29 

30 

31 


Area,  sq  in 


A-1.  in*... . 
ri_i.  in  .  . . . 
/j_j,  in*... . 
rt-t.  in. 


Weight, 
lb  per  lin  ft 


Depth  and  weight  of  sections 


H  beams 


8-in 
34-3-lb 


130.0 
130.0 
130.0 
130.0 

130.0 
130.0 
130.0 
130.0 


125.8 

119.4 
113-0 

IC6.6 

ICO.  2 

93.8 

87.3 
80.9 

74-5 


69.0 
65.8 

62.6 

53.0 
49.8 

46.6 

43-4 
40.2 
37.0 
33  7 

30.S 


6-tn 
24. 1 -lb 


91.0 
91.0 
91.0 
91.0 

91.0 
^.0 


86.7 
80.9 

75.1 
69.3 

S7.7 
51.9 


47.6 

44.7 
41.8 

38.9 

36.0 

331 


.2 
■  3 


30. 
27. 
34.4 
21.5 


•  ■  «  • 

•  •  •  ■ 

•  •  •  fl 


zo.ox 


XI5-4 
3  40 
35-1 
1.87 


34-3 


7.01 


45-1 
2-54 
14-7 
X.45 


i4.i 


5-in 
18.9.1b 


71. 5 
71.5 
71. 5 
71. 5 

71.S 


66.0 

60.5 

55.0 

49-5 

44.0 
38.5 


35-8 
33-0 

30-3 

27.5 
24-8 
22.0 

19.3 
16.5 


«■•••< 


>  •  •  • 

'  •  •  ■ 


4-in 
13.8-lb 


52.0 
52.0 
52.0 


S0.7 

45-7 
40.6 
35.6 
.10.  .S 


26.7 

24.2 
21.7 

.2 

6 


^: 


14. 1 


■  •••••  1 


•••••«• 


•  •••••< 


5. 47 


23.8 

2.08 

7.9 

I.30 


x8.9 


4.00 


10.7 

1.63 

3.6 

0-9S 

13.8 


I  beams 


I5^n 

42.9-lb 


162.2 
162.2 
162.2 
162.2 


1539 
Z40.1 
126.2 
X12.3 
98.5 


86.0 

59-9 

79.0 

54.4 

72.1 

48.9 

65.2 

43.4 

58.2 

37-9 

51.3 
44.4 

37-4 


•     •«••! 


■    «•••■ 


12.49 


441.8 

5-95 
14.6 
X.08 


43-9 


X24n 
31. 8.1b 


120.4 

iao.4 
120.4 
iao.4 


as 


109.9 
96.9 
87.9 
76.9 

65.9 


26.9 


9-36 


2x5.8 
4.83 

95 
i.og 

3Y  .8 


^ 


Safe  load-values  above  the  upper  heavy  line  are  for  ratios  of  l/r  not  ow 
those  between  the  heavy  lines  for  ratios  up  to  x 20  i/r;  and  thnac:  beloi 
lower  heavy  line  are  for  ratios  not  over  200  //r. 

*  Fit>m  Poeket  Companion.  Carnegie  Steel  Company,  Pittsbu^glt,. 
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)m  Wn  *  CriMiiinjiiiii).    Sal«  Loads  ia  lteU»Ql  zoooPMniflof  Stod- 


i 


i 


AUowable  fiber-ftreM  in  potinds  per  iquare  inch: 
13  ooo  for  lengths  of  60  radii  or  under 
'Redaced  for  lengths  between  60  sad  lao   radii,  by 
Pormala  (13). 

5  ■■  19  oao  —  loof/r 
Weights  do  not  include  details 
For  values  for  l/r  above  xao,  see  notes  on  page  490 


Depth  and  weight  of  sections 


'FnaPbcket  Coiapaoioa»^<Ssiniegie  Steel  Compaay.'ftttsburgh,  Pa. 


M6 


Strength  of  Colomns,  Posts  and  Strats 


Chai 


Tabte  ZVtn.*   Safetoadt  in  TV>iii  of  sooo  ^ooadtf  for  Velhle1i«i&  ^&i 
Steel  8-Iiich  H  Cohunns  wfth  Square  Bndf 


Unsupported 

len^h, 

ft 


8 
9 

10 
XI 

la 

13 

14 
IS 
x6 

17 
i8 
ao 

33 

34 
26 


Area,  sq  in 


/i-i.in* 

tm,  in. 

7t-i,  in* 

ff-tt  in 


Weight 
of  aection* 
lb  per  tin  ft 


59 
59 
58. 

56 
55 

S3 


53.a 
50.4 
48-9 

47-4 
45-9 
42.8 


39.7 
36.7 


9.17 


105. 7 
3.40 
35.8 
1.98 


33.0 


66, 
66. 
64. 

63. 
6x. 


59.7 

^.0 

56.3 
54.6 

53.0 

51.3 
48.0 


44.6 

41.3 
38.0 


10.17 


121. 5 

3.46 
41. 1 

2. ox 


34.5 


Allowable  stress  in  pounds  per  aquare  inc 
13  000  for  lengths  under  55  radii; 
16  000  —  55  l/r  for  lengths  over  S5 


74.8 
74  8 
733 

71.4 
69.6 

67.7 

65.8 
64.0 
62.1 

60.3 

58.4 
54.6 


83.4 
83.4 
81.9 

79.8 
77.7 
75.7 

73.6 
71.5 
69.4 

67.4 
65.3 
6x.i 


93.3 
93.3 
90.6 

88.3 
86.x 
83.8 

•1.5 
79.2 

76.9 

74.6   1 

72.4 

67.8 


XOI.O 

xox.o 

99.5 
97.0 

94.5 
1>3.I 

89.6 

87.1 

84.6 

S3. 3 
79.7 
74.7 


50.9 

57.0 

«3.» 

47.1 

53.8 

58.7 

43.4 

48.7 

54.1 

69.8 
64.8 
59.9 


XX. so 

13.83 

14.  x8 

139  5 
3.48 
47.3 
3.03 

158.3 
3.51 
53.4 
3.04 

177.7 
3-54 

59.8 
3.05 

39  0 

43.5 

48.0 

15.53 


197.S 
.^.17 
66.3 
3.07 


53.0 


U 
I< 
1< 

» 
I< 
X( 

! 

1 
< 

t 
I 
I 


i 


4 


Loads  below  the  heavy  line  are  for  lengths  greater  than  135  nadit 


*  See  Supplenentary  Sections  in  Pamphlet  S-xo»  publisbed  by  the  Bethleliea 
Company  in  March,  z9ax. 


TaUes  of  Safe  Loads  for  Steel  Columns 


507 


tiU>  ZVni  •  (CntiBiMd).    8al« 

Ichem  RoOMl-StMl  8-Iiick 


Loads  is  Toot  of  »ooo  Poimda  for  Both- 
H  Coiitwi  with  Square  Ends 


Umopvorted 

kngth. 
h 


Aiea^SQin 


•fb  to*. 

•  /i.fc  in*. 
''m.  in. . 


Weight 
ofMctkn. 

&  ?sr  lin  ft 


340.2 

3-63 
80.0 
2.09 


6a.o 


Allowable  stress  in  pounds  per  square  inch: 
13  000  for  lengths  under  55  radii; 
16  000  —  55  Ijr  for  lengths  over  55  radii 


136.8 
136.8 

135. 6 

146.0 
146.0 
144.9 

154.6 
154.6 
153.6 

163.8 
163.8 
163.1 

132.4 
129.1 

135-9 

141. 4 
137-9 
134.4 

149-9 
146.2 
143.6 

159  3 
155.4 
151. 6 

127.5 
1x9.3 
116. 0 

13I-0 

137-5 
124. 0 

1389 
135-2 
131.6 

147.7 

143.9 

- 140.0 

112. 7 
109.4 

iaa.9 

iaD.5 
117.0 
iro.i 

127.9 
124.2 
116.9 

136. 1 

132.3 
124.6 

£\.. 

103-1 

109.6 

116.9 

263.5 
3.65 
87.x 
a. IX 


67.0 


173.3 
173-2 
172.6 

168.6 

164.5 
160. S 

156.4 
152-4 
148.3 

144-3 
140.2 

132.1 

124.0 


89-8 

[     96.2 

103.3 

109.3 

8l3.a 

89.2 

94-9 

101 .5 

115.9 
X07.8 


31.05 

33.46 

33.78 

35.20 

385.6 
3.68 
94.4 

a.ia 

309.5 
3.71 

X01.9 
3.13 

333-5 

3.75 

109.3 

3.14 

359.0 
3.77 

117.2 
3.16 

71. s 

76.S 

8x.o 

85.5 

36.64 


385.3 
3-80 

125.x 

2.17 


90.5 


Loada  below  the  heavy  Use  are  for  lengths  greater  than  135  radii 


fcPSae  Stvpfenentaxy  Sectioaa  in  Pamphlet  S-zo,  publisbed  by  the  Bethlehem  Steel 
fiiiuy  m  3iarch,  1921. 


608 
Table 


Strength  of  Columns,  Posts  and  Struts  Chap. 

Safe  Loads  in  Tons  of  a  ooo  Pounds  for  BetUehem  Rolled 
Steel  lo-inch  H  Columns  with  Sqvare  Ends 


Unsupported 

length, 

ft 

t 

r, 

Allowable  stress  in  potmds  per  square  inoh; 
13000  for  lengths  under  55  radii* 
16  000  —  55  l/r  for  lengths  over  55  radii 

L' 

n 

xo 

XX 
X2 

13 
14 
IS 

x6 
x8 

20 

23 

24 
36 

28 

30 
32 

935 
935 
92.1 

90.3 
88.3 
86.3 

84.5 
80.7 
76.9 

73.1 
69.3 
65.4 

103.4 
103.4 

X03.2 

XOO.I 
98.0 

959 

93.8 

89.6 

8S.4 

81.3 
77.x 
72.9 

XX4.3 
114.2 
113.1 

XX0.8 
X08.5 
X06.3 

X03.9 
99.3 
94.7 

90.1 
85.6 
8x.o 

X35.0 
X35.0 

123.9 

I2X.4 

XI8.9 
1x6.4 

113.9 
X08.9 

103.9 
98.9 

93-9 
88.9 

1359 
1359 
134.9 

132.3 

129.5 
136.9 

X34.3 
XI8.8 
113.4 

X08.O 
X03.6 

97.3 

T46.8 

X46.8 
145.9 

143.0 
140. 1 
137.2 

134.3 

138.5 
133.7 

1x6.9 

IIX.I 

10S.3 

157 

157 
157 

153 

150 
147 

144 
138 
132 

126 
119 

IX^ 

6x.6 
S7.8 
54.0 

68.7 
64.S 
60.3 

76.4 
71.8 
67.2 

83.9 
78.9 
73.9 

9X.8 
86.4 
80.x 

995 
93.7 
87.9 

107 

lOX 

94 

Area,  sq  in 

1 

14.37 

IS. 91 

17.57 

19.23 

30.9X 

32.59 

24. 

/i-x.  in* 

Ti-ii  in 

If- it  in* 

''t  >.  in 

263. 5 
4.28 

89.1 
2.49 

396.8 
4.32 

X00.4 
3.51 

331.9 
4.35 

XX3.3 
2.53 

368.0 
4.37 

X34.3 

2.54 

405.2 
4.40 

136.5 
2.56 

443.6 
4.43 

149. 1 
2.57 

493 

4. 

Xfc 

a. 

Weight 

of  section, 

lb  per  lin  ft 

49.0 

S4.0 

59-5 

6s.s 

71.0 

77.0 

81 

Loads  below  the  heavy  line  are  for  lengths  greater  than  135  nidii 

*See  Supplementary  Sections  in  Pamphlet  S-xo,  published  by  the  BetUehem 
Company  in  March,  z9ax. 
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IWellX*  (Cootiiinmi).    Safe  Loa4s  in  Ton*  of  a  ooo  Pooada  for  Bethle- 
bem  RoUfld-Stael  lo-Iach  H  Coliiiiiiu  with  Square  Enda 


0m89ported 


10 

II 
u 

13 
IS 

l6 
IS 

X 

a 

24 
4 

JO 
31 


In^iq 


m 


AUoiwable  stress  in  pounds  per  square  inch: 
Z3  000  for  lengths  under  55  radii; 
16  000  —  55 1/1^  {or  lengths  over  55  radii 


168.9 
1SR.9 
Z68.3 

165.0 
16X.7 
158.4 

155- 1 
148.5 
142.0 

135-4 
12B.8 
122  2 


180.1 
180.1 

179.6 

190.6 
190.6 
190. 2 

aoi.9 
201  9 
201.9 

213.2 

2X3-2 
2x3.2 

224.6 
224.6 
224.6 

I76.I 
172.6 
169. 1 

186.6 
182.9 
179.  a 

198.0 
194.1 
190.3 

209.3 

205.2 

aox.a 

220,7 
216.4 
212. 1 

165.6 
158.6 

151.6 

175. 5 
168. 1 
160.7 

186.4 
178.6 
170.8 

197. 0 
X88.9 
X80.7 

207.8 
199.2 
190.7 

144.6 
137.6 

130.6 

153-3 
145.9 
I38.S 

163. 1 
155-3 

147.  S 

172.5 
X64.4 
156. 2 

X82.1 

173-5 
X65  0 

115. 6 
109.0 
x<».4 


123-6 

I3i.a 

1398 

148.0 

156.4 

xx6.6 

X23.8 

X32.0 

139.9 

147-8 

X09.6 

1x6.4 

X24.2 

131.7 

139-2 

i    2599 

27.71 

29.32 

31.06 

32.80 

34.55 

5235 
4.49 

175-1 
2.60 

565.2 
4.52 

188.6 
2.6x 

607.0 

4.55 

201.7 

2.62 

651. 0 
4.58 

215.6 
2.64 

696.2 
4.61 

229.9 
2.65 

742.7 
4-64 

244.4 
2.66 

88.5 

94.0 

99-5 

X0S.5 

III.  5 

117.5 

236.1 
236.x 
236.x 

232.2 

227.7 

223.2 

218.7 
209.8 

200.8 

I9X.8 
XS2.8 

J7^ 


36.32 

790.4 
4.67 

259  3 
2.67 


123.5 


164.9 
IS5  9 
146.9 


Loads  belov  the  heavy  line  are  for  lengths  greater  than  125  radii 


tSsppkoeatary  Sections  in  Pamphlet  S-zo,  published  by  the  Bethlehem  Steel 
rbUarch,  1921. 


510  Strength  of  Columns,  Posts  and  Struts  Chap. 

Table  ZZ.*    8«f«  Lotd*  in  T<mi§  «f  a  ooo  Povnds  for  BetUohem  Rolled^ 
8te«l  i>ladi  H  ColiiiiMs  wllli  Sqaare  Bonis 


Unsupponrted 

length. 
/       ft 


Attowable  stress  in  pounds  per  squafe 

15  ooo  for  letgtfas  under  5$  radii; 

16  000  —  55  l/r  for  lengths  over  55  radu 


10 
12 
14 

16 
18 

30 

22 

24 
26 

28 
30 

32 

34 
36 
38 


123.5 
123.5 
1221.5 

IIS.3 
114.1 
109.9 

105.7 

loi.s 
97-3 


93 
88 


136.2 
X36.2 
135.4 

130.8 
126.2 

121.6 

117.0 
112. 4 
107.8 

103.1 
98.5 


149. 1 
149.x 
148.3 

143  3 
138.3 
133.2 

128.2 
123  2 
118. 1 

113.x 
108.1 


i6a.o 
162.0 
161.4 

155  9 
150.5 
145.1 

139  7 
134  2 
138  8 

123.4 
117  9 


175.0 
175.0 
174. 5 

168.6 
i6i.8 
1569 

151.1 
145  2 

139  4 

133.5 

127.7 


188.0 
188.0 

187.7 

901.  X 
901.  £ 
201. 0 

181.5 
175.2 
169.0 

194-3 
187-7 
I8X.O 

1«2.8 

156. 5 
150.3 

174-4 
X67.7 
rtx.z 

144.0 
'     1378 

154  4 

X47  8 

44^7 

80.5 
76.3 


9»*9 

89.3 
84.7 

I03'« 

98  0 
93.0 

112.5 

107. 1 
101.7 

xaz.9 

116  0 
110.2 
104.3 

131.6 

125. 3 
119.1 

112.8 

141. 1  I 

134-4 
127.8 

131.  Z 

Area,  sq  in 

19.00 

30.96 

23.94 

24.92 

36.92 

'i-  It  in* 

• 

T\.i,  in 

/2-t.in* 

r»-j,  in 

499.0 
5.13 

168.6 
2. 98 

556.6 

s  15 

188.2 
3.00 

61S.6 
5.18 

306.1 

3.01 

676.1 
5.21 

228.5 
3.03 

738.1 
5.24 

349  2 
304 

Weight 

of  section. 

lb  per  lin  ft 

64.5 

71.5 

76.0 

84.5 

91.5 

28  92     30.9^1 


I 


801.7  866.8 

5.27  5.30 

370.1  '  391.7 

3  06  I  3  err 


-I- 


98. 5  I     los.o 


31. 
31. 
3L 

20 
30 

la 

17 

17 
16 

IS 


u 
za 


9; 
4 


i 


Loads  beiow  the  heavy  line  are  for  lengths  greater  than  125  radii 


•  See  SupplemenUry  Sections  In  Pamphlet  S-io,  published  by  the  Bethlehelrf 
Company  in  March,  1921. 
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teZZ^  (CoMiBiMd) 

hem  Bflflfftl  Htjol 


Safe  X^oadB  Sa  Tons  of  a  ooo  Pomula  for  Bethlo- 
xa-lacli  H  Cohiwna  with  S«iwre  Ends 


ft 


Allowable  streu  in  pounds  per  square  inch: 
13  ooo  for  lengths  under  55  radii; 
x6  ooo  —  55  lit  ior  lengths  over  55  n£i 


10 
12 

1$ 
IS 
n 

22 

32 
34 

3S 


226.7 
226.7 
226.7 

219.6 
212. 1 
204.7 

197.3 

189.9 
182.5 

17S.O 
167.6 

160.2 


239-9 
239.9 
239-9 

253.3 
253.3 

2533 

266.7 
266.7 
266.7 

280.2 
280.2 

260.2 

293.7 
293.7 
293.7 

232.& 
224.8 
217.0 

246.0 
237.8 
229.6 

259.3 
250.6 
242.0 

272.6 
263. s 
2S4.5 

286.0 
276.6 
267.1 

209.1 
201.3 

193s 

221.4 
213.2 
aof.9 

233.4 
224.8 
216. 1 

245-5 
236.4 

227.4 

257.7 
248.3 
238.8 

X85.6 
177.8 

196.7 
188.5 

207.  s 

198.9 

218.4 
209.3 

229.4 
219.9 

170.0 

180.3 

190.3 

200.3 

210. 5 

152.8 

145-3 
137.9 


162. 1 
154.3 
146.S 


172. 1 
163.9 
155.6 


181,6 
173.0 
164.4 


191 .3 
182.3 

173.2 


201. 1 

191 .6 
182.2 


3073 
307.3 
307.3 

299.7 

289.9 
280.1 

270.3 
260.5 

250.7 

240.9 
231.0 

221.2 


211. 4 
201.6 
191. 8 


36.91 


I  069.8 

S.38 

357.7 

3.11 


11S.5 


X25.5 


38.97 

41.03 

43.10 

45.19 

1141.3 

5.41 

380.7 

3.13 

1214.5 

5.44 

404.1 

3-14 

1289.4 

5.47 
428.0 

3  13 

1366.0 

5.50 

452.2 

3.16 

132.  s 

139.S 

146.5 

I53.S 

47.28 


1444.3 

5.63 

477.0 

3.18 


I6X.0 


Loads  htAovr  the  heavy  line  are  for  lengths  greater  than  125  radii 


t 


Sep|)iaiKiitai7  Sectksnii  in  PaxnpUet  S-to,  pubtished  by  the  Bethlehem  Steel 
>7b  March,  1921. 
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Strength  of  Columns,  Posts  and  Struts 


Table  XU.*   Gaf«  Loads  in  Tons  of  a  ooo  Pooads  for  Bolhloh 
Steel  X4-Iiich  H  Cohiffliia  with  Square  Eadt 


Chap. 
RolM 


Unsupported 

length, 

ft 


10 
13 

X4 

x6 
i8 

30 

23 

24 
36 

38 

30 

33 

36 
40 
44 


Area,  sq  in 


/ui»  in*. 
ri.i,  in.. 
lutf  in*. 
ri_i,  in. 


Weight 

of  section, 

lb  per  lin  ft 


XS9.0 

159-0 
X59.0 

158.5 
153.8 
149-2 

144.5 
X39-9 
X3S-2 

130.5 
X2S.9 

X3X.3 

III.  9 


103.6 


34.46 


884.9 

6. ox 

394.S 

3.47 


83.S 


Allowable  stress  in  pounds  per  square  ioc 

13  000  for  lengths  under  55  radii; 

x6  000  ~  55  i/r  for  lengths  over  55  ntdii 


173-9 
173.9 
X73.9 

173.9 
X68.5 
163.4 

X58.4 
XS3.3 
X4S.3 

X43.3 
X38.X 
133. 1 

X23.9 


I8S.9 
X88.9 
X889 

304.0 

204.0 

3C4.0 

319.  X 
3x9.x 
319. X 

334.3 
334.3 
234.3 

X88.6 
183.3 
177.7 

304.0 
198.  X 
X92.2 

3x9.x 

313.9 
306.6 

234.3 
338.0 

33X.3 

X73.3 
166.7 
x6x.3 

X86.3 
X80.4 
174.6 

300.3 

X94.0 
187.7 

3X4.6 

307-9 

301.3 

X55.8 
X50.3 
144.8 

X68.7 
163.8 

X56.9 

X8X.4 
X75.X 
X68.8 

X94.5 
187.8 
x8z.i 

X33.8 

X4S.X 

X56.3 

X67.7 

XX3.8 


X33.9 
IXX.9 


X33.4 

X3X.6 


X43.6 
X3X.O 


X54.3 
lAo.g 


36.76 


976.8 
6.04 

32s.  4 
3.49 


91. o 


29.06 

3X.38 

33.70 

1070.6 
6.07 

356.9 
3.S0 

1X66.6 

6.X0 

387.8 

3-53 

X  364.5 

6.X3 

420.3 

3  53 

99.0 

106.5 

XX4.5 

36-04 


Z22.5 


24< 
24( 

24! 

241 
24 
23 

331 
33 

21 

30 

30 

19 


11 

x6 

15 


1364.6 

6.16  I 

453.4  ; 

3.S5  '      i 


X4^ 
i 

4 


Loads  below  the  heavy  line  are  for  lengths  greater  than  12s  ladii 


*  See  Sapplemedtary  Sections  m  Pamphlet  &*to,  puUSsbcd  fay  the  BetUriiei 
Company  in  March,  X921. 
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ZO^  (ContinnMl).    Safe  Loads  in  Toim  of  2  000  Fvnnds  for  Beth- 
khcm  RoUed-Stoel  14-Iiich  H  Colamas  with  Square  Enda 


ft 


10 
n 
u 

16 

X 

a 
u 


Allowable  stress  in  pounds  per  square  inch: 
13  000  for  lengths  under  55  radii; 
16  000  —  ss  l/r  for  lengths  over  55  radii 


363.8 
263.8 
263  8 

263  8 
257  4 
249  9 

242.4 
234-9 
227.4 

220.0 
212.5 
205.0 

190.0 


279.» 
279  a 

279  a 

279a 
272.5 
264.6 

256.7 
243.9 
24x0 

233  I 

225.2 

217.3 
20X.5 


294.7 
294.7 
294.7 

294.7 
238.x 
279.8 

271.5 

263.2 

254. 9 

246.6 

238.3 
230.0 

213. 5 


310.  X 
310.  X 
310.  X 

310. 1 
303.4 

294-7 

286.0 

277.3 
263.6 

2599 
251.2 

242.S 
225.1 


325.7 
325.7 
325.7 

325.7 
319.0 
309  9 

300.8 

29*. 7 
282.6 

273.5 
264.4 
255.3 

237.1 


175. 1 
x6o.i 


185.7 
170.0 


196.9 
180.3 


207.7 
190.3 


218.9 
200.7 


341-3 
34X  3 
341.3 

341.3 
334  6 
325.1 

31S6 
306.1 
2966 

267.1 
277.6 
268.x 

249  1 


230.x 
21X.X 


.iqm 


40.59 


1568.4 
6.21 

519.7 
3.58 


X38.0 


42.9s 


X  674.7 
6.24 

554.4 

3. 59 


45.33 


I  783  3 
6.27 

589.5 
3.6x 


146.0' 


154. 0 


47.71 


1894.0 

6.30 

626.x 

3.62 


162.0 


50.  XI 


2007.0 

6.33 

662.3 

3.64 


X70.S 


52.51 


2122.3 

6.36 

6990 

3-6s 


178.S 


Loads  beUnr  the  heavy  litie  are  for  lengths  greater  than  125  radii 


:: 

f»Stffkmt^taxr  Sections  in  Pamphlet  S-10,  published  by  the  Bethlehem  Steel 
PpngrlBSCaxch,  1921. 


514  Strength  of  Columns,  Posts  and  Struts 

Talile  ZXI  *    (Cootmuad).    8af«  LcmuU  in  Tons  of  a  ooo  PoondB 
lehem  Rolled-Steel  z4-4ttch  H  Celamas  with  Squaxe 


Chap* 
for  Be^ 


UnsnppofTted 

length, 

ft 


10 
12 

X4 

z6 
i8 

20 

22 

24 

26 

28 

30 
32 

36 
40 
44 


Area. sq  in 


Ii-i.  in*. 
ri.i,  in. 
/i_s.  in<. 
ruf,  in. 


Weight 

of  section, 

lb  per  Un  ft 


357. o 
357.0 
357.  c 

357.0 
3S0.3 
340.4 

330  5 
320.6 
310.7 

300.8 

290.9 
28X.0 

261.2 


241.4 
221 .6 


54  92 


2239.8 

6.39 

736.3 

3.66 


186.5 


Allowable  stress  in  pounds  per  square  lnd| 
X3  000  for  length*  under  55  radii; 
x6  000  —  55  l/r  for  lengths  over  55  radii 


372.8 
372.8 
372.8 

372.8 
366.1 
355.8 

.145.5 
335. 2 

324.9 

314.6 

3043 

294.0 

273.4 


388.6 
388.6 
388.6 

4035 
403  5 

403.5 

419-4 
419  4 
419  4 

388.6 
381.9 

37t.» 

403. 5 

396.9 
385.8 

419-4 
412.9 
410.5 

360.5 
3498 

339.x 

.374  8 

363  7 
352.6 

390.0 
378.5 
367.1 

328  4 

317.7 
307.0 

341.6 
330.5 
319.4 

355.6 

344-1 
332.6 

285.6 

2973 

309.7 

435.4 

435  4 
435. 4 

435.4 
429.0 
417  2 

405.3 
393  4 
381.6 

369.7 
357.8 

345.9 

.122.2 


252.8 
232.2 


264.2 
242.8 


275.1 

253.0 


286.8 
263.8 


298.5 
274.8 


57.35 


2  359.7 
6.41 

744.2 
3.67 


59.78 


248X.9 

6.44 

812.6 

3.69 


igs.o 


203.5 


62.07 


2603.3 

6.48 

849.8 

3.70 


axi.o 


64.52 


2730.2 

6. 51 

889.3 

3.71 


219.5 


66.98 


2 859 -6 

6.53 

929  4 

3.73 


227.5 


48 
45 

45 

44 
43 

4a 

40 

39 

38 
37 
35 

33 


31 

a6 


29s 
i 

93 


Loads  below  the  heavy  line  are  for  lengths  greater  than  Z2S  radii 


*  See  Supplementary  Sections  in  Pamphlet  S-xo^  published  by  the 
Company  in  March,  192 x. 
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Hie  in  *  (Cootfaiaad).    S«f«  Loads  in  Turn  of  a  ooo  Foonds  for  Bothio- 
hem  RoUed-Steel  Z4-lACh  H  Colunms  with  Square  Ends 


^ppBrted 

:  ^^' 
'    ft 


13 
U 
14 

i6 
IS 

a 

:S 
30 
3» 


10 
44 


467.6 
467.6 
4676 

467.6 
461.5 
448.9 

436.2 

423  6 
410.9 

398.2 
38S.6 

372.9 
347.6 


K 


sqin 


322.2 
296.9 


71.94 


Li3^ 3125.8 

f*ffl ,  6.59 

►*«B* IOII.3 

M-^ I  3.7s 


t  wQfBt 

|f«rtba. 


L 


244.S 


Allowable  stress  in  pounds  per  square  inch: 
13  000  far  lengths  under  55  radii; 
16  000 '-  55  l/r  for  lengths  over  55  radii 


483.8 
483.8 
483.8 

4S3.8 

477.9 
464.8 

4SI.8 
438.7 
4257 

412.6 
399.6 
386.S 

360.4 


S34.3 


500.0 

500.0 
500.0 


500. 

494. 
480. 

467. 

454 

440. 


427.1 
413.6 
400.2 

373.3 


SI6.4 

S16.4 
516.4 

516.4 
510. 9 
497.0 

483.2 
469  3 
455.5 

441.6 

427  8 

413-9 
386.3 


532.8 
532.8 
532.8 

532  8 
527  6 
513  3 

499.1 
484.8 
470.6 

456.3 
442.1 
427.8 

.399  4 


549 
549 
549 

549 
544 
529 


515  o 
500.4 
485.7 


471 
4S6. 


441.8 


412. 5 


346.4 
319.5 


358.6 
330.9 


370.9 
342.4 


383.3 
354.0 


74.43 


3362.7 
6.62 

1053-2 
3.76 


253-0 


76.93 


3402.x 

6.6s 

1095.6 

3  n 


261.5 


79.44 


3544.1 

6.68 

1138.7 

3.79 


270.0 


81.97 


3688.8 
6.71 

1 182.4 
3.80 


278.5 


84.50 


3836.1 

6.74 

1226.7 

3.81 


287. 5 


Loads  bdow  the  heavy  line  are  for  lengths  greater  than  125  radii 


ht  StppfeiwDtary  Sections  in  Pamphlet  S-xo,  published  by  the  Bethlehem  Steel 
KNriaMsich.  1921. 
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Strength  of  Columns,  Posts  and  Struts 


Cha 


T&ble  mi. 


Safe  Loads  in  Tons  of  a  ooo  Poonda  for  Light- Weight  I 

Colttoma  * 


Factor  of  safety  between  4.5  and  5 

Calculated  by  the  formula,  P  »  ^f  (13  500  —  140  IJi)  +  il^(x  000  —  11  //d 

in  which  ilf  and  v4(.  are  the  areas  of  steel  pipe  and  concrete,  in  square  inches, 
length  in  inches,  and  i  the  putside  diameter  of  pipe,  in  inches 

Outside 
diam- 
eter, 
in 

Weight 

per 
linear 

foot, 

in 

Length  of  column  in  feet 

6 

7 

8 

9 

10 

XI 

12 

13 

• 

M 

IS 

3 

iM 

4 

4H 

5 

6 

1 

9.64 
13.09 
17.02 
21.05 

25.90 
36.82 

6 
9 
13 
14 
ao 
28 

6 

9 
13 
14 
20 
28 

5 
8 
12 
13 
19 
27 

•  •  •  • 

8 
12 
13 
X9 
27 

•  •  • 

7 
II 
12 
18 
26 

•  •  ■ 
■  -  • 

xo 

XI 

x8 
26 

1 

•  •    ■ 

•  •    ft 

•  «    • 

10 

X7 

25 

•  ■   « 

•  ■   • 

•  •    ■ 
■  •    • 

17 
24 

•  ■  • 
■  «  • 

•  •  • 

x6 

23 

23 

Table  XXm. 


Sale  Loadi  in  Tons  of  a  000  Potinds  for  Heavy-We* 
Lally  Columns* 


Factor  of  safety  between  4*5  &nd  5 

These  loads  can  be  greatly  increased  by  reinforcing  tbe  concrete 

Calculated  by  the  formula,  P  -  A^{.ii  500  —  140 //rf)  +^c<i  000  --  ix  i/ 

in  which  ^4^  and  A^  are  the  areas  of  steel  pipe  and  concrete,  in  square  inches. 

length  in  inches,  and  i  tbe  outside  diameter  of  pipe,  in  incbes 

- 

Weight 

■ 

Length  of  columns  in  feet 

Outside 
diameter, 

per 
linear 

in 

foot, 
lb 

6 

8 

XO 

X2 

14 

i€ 

18 

3M 

15 

12 

XX 

xo 

9 

1 

1 

m 

4 

20 

16 

IS 

14 

X2 

XX 

4H 

24 

20 

18 

17 

16 

15 

■    •    •    a   « 

S 

«9 

27 

26 

24 

22 

2X 

19 

1 

sH 

36 

32 

31 

29 

28 

26 

24 

22      I 

6^^ 

49 

4S 

43 

4X 

40 

38 

35 

3-4      i 

7H 

64 

58 

56 

54 

52 

SI 

49 

46      1 

8H 

8x 

74 

72 

69 

67 

6S 

62 

60      \ 

9H 

xoo 

93 

89 

87 

8S 

82 

79 

77      1 

\oM 

123 

1x1 

109 

107 

104 

XOX 

99 

96     1 

uH 

X46 

131 

128 

124 

X22 

119 

117 

XX3     1 

I2Ji 

169 

150 

X46 

144 

X4I 

139 

135 

^33     1 

*For  areas  of  cross-sections  of  metal  and  concrete,  and  for  other  data  used 
tattons  for  determininx  safe  loads  by  formula,  see  Handbook  of  the  United  StAl 
Company,  Cambridge,  Mass.     (S^,  also,  pages  469  to  474,  and  page  477.) 
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iblte  XZnr.*    Saf •  Loads 


in  UalfeB  of  i  ooo  Ponado  for  Plato^aad-Aoglo 
Coll 


Allowable  fiber-stress  in  pounds  per  square  inch: 
13  ooo  for  lengths  of  60  radii  or  under 
Reduced  for  lengths  between  60  and  xao  radiit  by 
Formula  (13). 

S  ■■  19  000  —  100  Ifr 
Weights  do  not  include  rivet-heads  or  other  details 
For  vahies  for  l/t  above  120,  see  notes  on  page  490 


Web-pUteCXH" 

Wcb-plate8"XH" 

a«ctiTe 

'♦X 

''X 

• 

5x 

-X 

• 

Is 

6 

69 
63 
S6 

81 

88 

94 
86 

79 

1     no 

XOI 
lOI 

119 

7 

78 
72 

&2 

76 

103 
95 

"9_, 

8 

96 

115 

9 

49 

66 

69 

72 

87 

89 

107 

» 

43 

60 

54 

49 

63 

S6 
50 

65 

57 

78 
70 

1       '? 

83 

76 
70 
63 

xoo 

II 

J8 
35 
32 

92 

u 

50 
47 

8s 

13 

43 

45 

56 

78 

u 

38 
as 

40 
37 

42 
39 

43 
39 

52 

48 

57 

70 

IS 

52 

63 

16 

23 

34 

3S 

36 

44 

49 

60 

17 

18 

32 

32 

32 

40 

46 

56 

sS 

?? 

?? 

28 

36 

43 

52 

19 

26 

26 

25 

32 

49 

ac 

23 

22 

28 

36 

45 

n 

20 

33 

41 

22 

30 

38 

n 

27 

34 

U 

23 

30 

XS 

35 

Z7 

A 

39 

3: 

1 

k,«qis 

5-74 

6.26 

6.74 

7.24 

8.48 

7.76 

9.1a 

♦a* 

34-3 

39-1 

42.6 

81.2 

96.9 

90.1 

107 

i.t 

2-45 

2.50 

2. SI 

3.35 

3.38 

3.41 

3-43 

bis* 

6.2 

10.3 

10.3 

10.3 

ia.9 

16.0 

20.2 

X.04 

1.28 

1.24 

X.19 

1.23 

1.44 

1.49 

fe. 

19-6 

21. S 

23.1 

24.8 

29.2 

26.4 

31.2 

K  file  load-values  above  the  upper  heavy  line  are  for  ratios  of  //>  not  over  60; 
rtufmi  tbe  heavy  lines  are  for  ratios  up  to  120  //r;  and  those  below  the  lower 
Tbe  are  for  ratios  not  over  200  //r 

'Fran  Pocket  Companion,  Carnegie  Steel  Company,  PitUburgh,  Pa. 
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Stsmgth  of  Columns,  PcBts  aad  Struts  Chap. 


TaM0  jnW*  <C«itei««).    UH  Uudm  Ia  Unto  ol  xooe 


Pooiitelor  PM 


ADowAble  fiber-«tiei8  la  pounds  per  square  iiu 
13  000  for  lencths  of  Go  radii  or  tRufor 
Reduced  for  lengths  between  60  and  lao  radii. 
Formula  (13), 

S  —  19000  —  too  l/r 
Weights  do  not  include  rivet-lleads  or  other  details 
For  values  for  l/r  above  120,  tee  notes  on  page  490 


12 


Web-plate 

8"X?U" 

Web-plate  S'^XH" 

Effsctive 
length. 

cx 

1 

1^ 

ll 

1 

•ax 

i 

-^x 

-^^ 

-^x 

*X 

■*)< 

-^x 

-*> 

i-S 

% 

V 

V 

V 

% 
4 

6 

I2S 

142 

MI 

161 

168 

188 

aol 

^-      7   • 

125 

142 

141 
141 

161 
x6i 

168 
168 

188 

188 

ad 

8 

120 

112 

13ft 
130 

ad 

"^   9 

136 

is8 

163 

ifts 

ad 

10    ♦- 

104 

121 

128 

149 

154 

175 

19 

II 

96 

ri2 

121 

140 

145 

165 

i8j 

12 

89 

104 

XI3 

X3I 

IJ6 

155 

17 

13 

81 

9§ 

los 

123 

127 

145 

x6 

14 

73 

86 

77 

97 
89 

81 

114 

IQS 

97 
88 

118 
109 

100 

90 

I3S 

124 

"4 
104 

15 

IS 

6j 
58 
54 

14 

16 

73 
68 

5* 

13 

17 

75 

71 

la 

18 

83 

M 

■       98 

II 

19 

SO 

60 

67 

79 

81 

22 

10 

30 

47 

55 

63 

74 

77 

88 

10 

ai 

43 

51 

59 

70 

72 

83 

s 

aa 

39 

47 

55 

66 

68 

78 

8 

23 

35 

42 

SI 

61 

63 

U 

1 

24 

31 

38 

48 

57 

59 

1 

25 

34 

44 

53 

54 

6i 

• 

26 

40 

48 

49 

58 

i 

37 



36 

44 

45 

53 

i 

a8 

39 

40 

48 

1 

99 

•%■*••• 

1 

* 

30 



«■*•■•> 

*  «  »  « 

Axea,sq  in 

9.62 

10.94 

10.86 

12.42 

12. 92 

14.48 

i«i 

/i-i.in* 

no 

127 

12a 

141 

143 

i6x 

J 

ri-i,iri 

3.38 

3.40 

3.35 

336 

3.33 

3-34 

1 

/M.«n* 

20.7 

24-9 

30.3 

36.3 

37.2 

43. 5 

J 

rf-«.ln 

1.47 

1. 51 

1.67 

1. 71 

1.70 

1.73 

1 

Weight, 

— ^ 

Ibperlinft.. 

32.9 

37  3 

37.3 

42.5 

44.2 

49.4 

J 

The  safe  load-values  above  the  upper  heavy  line  are  for  ratios  of  l/r  not  o« 
those  between  the  heavy  lines  are  for  ratios  up  to  tao  l/r;  and  those  b^w  thj 
heavy  line  are  for  ratios  not  over  200  l/r 

*  From  Pocket  Companion,  Carnegie  Steel  Company*  Pittsburs^^  Pa. 


iUKes  ot  sale  Lofub  txx  a 


=*= 


13  000  ioi  leoathi  ol  6a  ra< 
Reduced  for  lengihc  bem 


Web.pi.ta  10"XM" 


Ex      i-'*     «>< 


^llCl 


4^3 


idow  Ihe'S 


Stiea|:th  of  Columns,  Posts  and  Stmts 


Chap. , 


ible.XZIV*  (Contiatted).    Safe  Loada  ia  Uails  of  zooo  Pouda  far 

aiMUAfide  Calwmna 


Allowable  fiber-stress  in  pounds  per  square  inc 
13  GOO  for  lengths  of  60  radii  or  under 
Reduced  for  lengths  between  60  and  120  radii. 
Formula  (13). 

5  ■•  19  000  —  100  Ifr 
Weights  do  not  include  rivet-heads  or  other  details 
For  values  for  l/r  above  120.  see  notes  on  page  490 


Effective 
length. 


6 

7 
8 

9 

10 

II 

13 
13 
14 
IS 

16 

17 
18 

19 
20 

2t 
22 
23 
24 
25 

26 

27 
28 

29 

30 


rea,  sq  in 


-1.  in*. 

-1,  in 

-],  in*.... 
-1.  in 

Weight. 
per  Rn  ft . 


c3  fO 


to 


232 
232 

232 

232 
232 


230 
220 
210 
200 
190 

180 

170 
160 
ISO 
140 

130 


123 
118 

113 

loB 

103 

98 
93 
88 

83 


17.87 


31s 
4.20 

82.3 
2.15 


Web-plate  i</'XH" 


236 

236 

236 

236 
236 

236 
236 


"SX 

§"Vt 
^X 


235 

226 

218 
209 

201 
192 
184 

I7S 

167 

158 
ISO 

141 
132 


266 
266 

266 

266 
266 

266 
266 
266 


126 
121 

117 
113 
109 


257 
248 

238 

229 
220 
210 
201 

191 
182 
172 
163 
154 

144 


*X 


296 
296 
296 
296 
296 

296 
296 
296 

isr 
278 

267 

257 
247 
237 
226 

216 
206 
19s 
18s 

I7S 
164 


Web-plate  io"X  W 


8;^ 


312 

312 

312 

312 
312 

312 
312 
312 


Ex 


341 
341 
341 
341 
341 

341 
341 
341 


302 
291 

260 

269 
258 

247 
236 

225 

214 
203 
192 
181 

170 


333 
321 

309 

297 
28s 

274 
262 

250 

238 
226 

214 
203 

191 


$1 

•gX 

*x 


370 

370 

370 

370 
370 

370 
370 
370 


Web.| 
10"  X" 


3S0 

337 

32s 
312 

299 
287 

274 
261 

249 
236 
223 

210 


139 
134 
130 
125 


157 
152 
146 
141 


164 
IS8 
153 
147 


181 
ITS 
169 
164 


198 
192 
1S6 
179 


60.8 


18.19 

20.47 

22.75 

24.00 

26.24 

28.44 

319 

4.19 

119 

2.56 

361 
4.20 

139 

2.6t 

401 

4.20 

160 

2.65 

412 

4.14 

165 

2.62 

451 

4.15 

186 

2.66 

489 
4.1s 

206 
2.69 

62.0 

70.0 

77.6 

81.8 

89.4 

97.0 

8? 
X 


386 

386 

386 

386 
386 

386 

386 

386 

ItT 

365 

351 
338 
325 

312 
29s 

285 

272 
258 

245 
232 

218 


207 

300 
19.3 
187 


29- 69 

SOC 

4.K 

213 

a.6e 


101.1 


The  safe  load-values  above  the  upper  heavy  line  are  for  ratios  of  Ifr  not  over  6 
ose  between  the  heavy  lines  are  for  ratios  up  to  120  //r;  and  those  below  the  low« 
•avy  line  are  for  ratios  not  over  200  //r 
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Reduced  for  Isnglhi  belween   do  &nd 
FormulB  (13). 

5  -  19  000  -  loo  l/t 


T^A 

I^''^?.^^ 

W.b.pl»t=  .l"Xlj" 

- 

i 

- 

J 

I. 

'„ 

T- 

4A 

If 

■1^ 

|5 

!* 

4* 

|.x 

Ji' 

%? 

Sj 

■s 

^5? 

^?? 

■s 

' 

i. 

'- 

J« 

14*    1 

I" 

■  7« 
178 

■7« 

'87 
187 

i; 

LI 

366 

i 

81 

t 

"3 
106 

138 

j66 

» 

^ 

„ 

JiT 

« 

6s 

80 

106 
80 

9« 

119 

1J4 

I8l 

m 

'41 

48 

JI9 

63 
5S 

Ifi 

■4 

]=« 

ii; 

31 

IS 

: 

S9 

«; 

69 

130 

n 

"0 

149 

IS 

« 

as 

4T 

4S 

gi 

104 

IIS 

86 

9S 

M 

i™,»qin 

J76 

10- ij 

...*  1  U.U   1   .3.67 

14  *'  1   16.70 

1S.61 

JO  50 

'Cl:::.. 

160 

^«^ 

3o°3 

37*^  1     70°fi 

W°6 

•n.  n  .... 

TVuh^lo 

^■VJJM. 

-.above 

th«U(P 

perlwav 

y  line  a 

'er6o: 

Bt  CompoDioii,  Cunegie  St«l  CompiDy,  Pittibiutb,  P>. 


B2 


Stirength  of  Columns,  Posts  and  Struts 


Chap. 


Tsble  ZXIV  *  (Cotttinued).    Safe  Loads  in  Uftits  of  i  ooo  Pounds  for  Plal^ 

•nd-Ansle  Coltmuis 


Allowable  iiber-stress  in  pounds  per  square  inch: 
13  ooo  for  lengths  of  60  radii  or  under 
Reduced  for  lengths  between  60  and  120  raoii,  hf 

Formula  (13)  > 

5  "-  19000  —  too  l/r 
Weights  do  not  include  rivet-heads  or  other  details 
For  values  for  l/r  above  Z30,  see  notes  on  page  490 


Web-plate 

I3"Xifi" 

W«K.fi 

\^^^  ,^*\y\Ln 

Web-plate 

WeO-piukc  i*     y\  7 i 

I2"XH" 

I2"XH 

Effective 

5 

V 

^ 

^ 
^ 

5 

S 

5 

^ 

length, 

8S; 

•ax 

Ix 

•gx 

•ax 

■s>x 

J6$ 

i!5 

Sv 
^x 

!;x 

^x 

'*X 

-« 

^ 

^ 

^ 

^ 

%> 

^ 

^ 

^ 

;b 

6 

376 

305 

3^ 

354 

383 

411 

439 

458 

478 

7 

376 

305 

335 

W4 

383 

4H 

439 

458 

478 

8 

376 

305 

3*5 

354 

383 

4" 

439 

458 

478 

9 

376 

30s 

325 

354 

383 

411 

439 

458 

478 

10 

376 

30s 

32s 

354 

383 

411 

439 

458 

478 

ZI 

376 

305 

32s 

354 

383 

4" 

439 

458 

478 

Z2 

276 

305 

30s  i 

32s 

354 
354 

383 
383 

4" 
411 

439 
439 

458 
458 

478 

13 

374 
264 

323 
313 

47« 

14 

295 

343 

373 

403 

433 

4SX 

4fi9 

IS 

2S4 

2R4 

300 

3*> 

359 

389 

418 

435 

4S3 

x6 

244 

374 

088 

317 

346 

375 

403 

419 

436 

17 

334 

263 

277 

305 

333 

361 

388 

404 

430 

18 

334 

252 

26s 

392 

319 

347 

373 

388 

403 

19 

214 

341 

253 

380 

306 

333 

358 

37t 

387 

30 

304 

230 

242 

367 

293 

318 

344 

357 

370 

SI 

194 

230 

330 

2's:s 

379 

304 

339 

341 

354 

33 

184 

209 

3l8 

342 

366 

^ 

314 

335 

338 

33 

174 

198 

307 

330 

253 

276 

299 

310 

321 

34 

164 

187 

195 

217 

239 

263 

^4 

294 

305 

35 

155 

176 
166 

183 

204 
192 

226 
313 

248 
334 

269 

354 
1  339 

37« 

363 

247   1 

388 

36 

147 
143 

137 

173 

167 

163 

373 

37 

154 

179 

303 

196 

330 

213 

2S6 

38 

'  230 

339 

348 

29 

133 

149 

156 

173 

189 

206 

323 

331 

240 

30 

137 

143 

150 

166 

183 

199 

315 

333 

333 

Area,  sq  in 

31.22 

23.50 

3S.0O 

27.34 

29-44 

31.60 

33.76 

35.36 

36.7« 

/i-i.  in« 

544 

605 

623 

683 

741 

794 

849 

867 

88s 

rt-i.  »n 

S.06 

5.07 

4-99 

5.01 

5.02 

S.Ol 

5.01 

4.96 

^38 

It-tt  in*.... 

2.56 

i6o 

165 

186 

206 

228 

349 

357 

rj-i.  in 

2.6X 

2.57 

2.61 

2.65 

3.69 

3.73 

3.70 

3.69 

Weight. 

lb  per  linft.. 

72. s 

80.1 

85.2 

92.8  1100.4  1107.6 

1X4-8 

"99 

las.o 

those  between  the  heavy  lines  are  for  ratios  up  to  lao  i/r;  and  those  below  tbe  love 
heavy  line  are  for  ratios  not  over  200  Mr 
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Mb  ZZrr  •  <CoatiiiiMd). 


Saf«  Loads  m  Units  of  i  ooo  Pounds  for  Plate- 
snd-Aai^e  Columns 


Allowable  fiber-stress  in  pounds  per  square  inch: 
Z3  ooo  for  lengths  of  60  radii  or  under 
Reduced  for  lengths  between  60  and   lao  radii,  by 
Formula  (13), 

5  *  19000  —  100 //r 
Weights  do  not  include  rivet-heads  or  other  details 
For  values  for  l/r  above  120,  see  notes  on  page  490 


Web-plate  i2"X^i' 


ISO.  I 


1 215 

5.S8 

394 

3.18 

1377 
S.69 

45 1 
3.26 


M7.7 


144.7 


1-valiMS  above  the  upper  heavy  line  are  for  ratios  of  Ifr  not  over  60; 
the  heavy  tines  are  for  ratios  up  to  xao  //r ;  and  those  below  the  lower 
for  ratios  not  over  aoo  //r 


*  From  Pocket  Companion,  Carnegie  Steel  Company,  Pittsburgh,  Pa. 
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Strength  of  Columns,  Posts  and  Struts 


Table  Xnv  *  (Condnned).    Safe  Loads  in  Unita  of  i  ooo  Poaoda  for  Plil 

and-Aogle  Columna 


r 


Mi. 


+: 


2 


S^^W 


g^ 


Allowable  fiber-stress  in  pounds  per  square  ind 
13  000  for  lengths  of  6o  radii  or  under 
Reduced  for  lengths  between  6o  and   I30  radii,  1 
Formula  (13). 

5  «-  19  000  —  100  l/r 
Weights  do  not  include  rivet-heads  or  other  details 
For  values  for  l/r  above  xao,  see  notes  on  page  490 


Effective 

length, 

ft 


II 

13 
13 

14 

IS 

16 

17 
18 

19 

20 

21 
23 
23 
24 
25 

26 
27 
28 

29 

30 

31 

32 

33 

34 
35 


Area,  sq  in 


Ii-iAn* 

ri-i.  in 

/j_j,  in*. . . . 
r*-j,  in 


Weight, 
lb  per  lin  ft.. 


Web-plate  i2"X}^i 


// 


85:8 


5^JX 

^xw;? 


583 
582 
582 
S82 
582 

S82 


569 

553 
536 

520 

S03 
487 
470 
454 
437 

421 

404 
38S 

371 

354 

338 
321 


309 
301 
293 


44.74 

1437 

5.67 

472 

3  25 

152.3 


Si^8V 
gK^^X 


Web-plate  12"  XH 


// 


610 
610 
610 
610 
6x0 

610 


590 

579 
562 

544 

527 
509 
492 
475 
457 

440 
422 

405 
388 
370 

353 
336 


323 

315 
306 


46-94 


X495 

5.64 

492 

3.24 


■40   N 

.^  ^ 

5 
_^*» 

l^Sx 

8^8N 
C\..2X 

m 
§j^ 

"»^« 

« 

tb 

tb 

;b 

630 

675 

721 

7« 

630 

675 

721 

766 

630 

67s 

721 

7« 

6130 

^5 

721 

7« 

630 

675 

721 

7« 

630 

67s   1 

721 

7« 

613 

576 
558 

540 
522 

504 
486 
468 

450 
431 
4x3 
395 
377 

359 
341 


644 
635 
606 

587 
568 
548 
529 
510 

491 
472 

453 
434 
4x5 

396 
377 


14 


331 
332 
313 


361 

351 
342 


674 
654 

634 
6x4 
594 
574 
554 

534 

514 
494 
474 
454 

434 
4X4 
394 

isr 
371 


48.44 


1 513 

5.59 

499 

3.21 


51.94 


X682 

5.69 

556 

3-27 


159  9 


165.0 


176.9 


55.44 


1856 

5  79 

613 

3-33 


188.8 


The  safe  load- values  above  the  upper  heavy  line  are  for  ratios  of  l/r  not  ovei 
those  between  the  heavy  lines  are  for  ratios  up  to  120  l/r\  and  those  belo^ir  tho  U 
heavy  line  are  for  ratios  not  over  200  l/r 
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hut  JXSV*  (Coatumed).    Safe  Loads  in  Unite  of  z  ooo  Pounds  for  Plato- 

and-Anile  Columns 


.A      «   .K  . 

are  inch: 

^*    t!3 

'frr 

AHowable  fiber*stress  in  pounds  per  squ 

:f,    « i: 

•^^ 

13  000  fpr  lengths  of  60  radii  or  under 

-hi    1 

.  .1 

Reduced  for  lengths  between  60  and  xao 

radii,  by 

€'. 

i  ^ 

Formula  (X3). 

^.M 

^^ 

5-19  000  —  100  l/r 
Weights  do  not  include  rivet-heads  or  other  details 
For  values  for  l/r  above  120.  see  notes  on  page  490 

■  r  U"^' 

» 

Web-plate  X2"X?«" 

EBiBCtiTe 

ijlx 

Svlx 

*X  w-Jj 

III 

ivlx 

IX 

8I3 

857 

903 

948 

994 

1039 

u 

812 

857 

903 

948 

994 

1039 

13 

8I3 

857 

903 

948 

994 

1039 

U 

81 3 

857 

903 

948 

994 

1039 

t5 

8X2 

857 

903 

948 

994 

1039 

►      ^ 

8u 

857 

903 

948 

994 

1039 

17 

812 

857 

903 

948 

994 

1039 

l8 

791 

840 

^ 

937 

^ 

1034 

19 

769 

817 

864 

912 

960 

1 007 

23 

747 

794 

840 

887 

934 

980 

2X 

725 

77X 

817 

862 

908 

926 

22            *           703 

748 

793        i        8J7 

832 

23 

63x 

725 

769        '        812 

8:6 

899 

24 

639 

702 

745 

7S7 

830 

872 

«S 

637 

679 

721 

762 

803 

845 

26 

6x5 

637 

697 

738 

779 

818 

27 

593 

634 

673 

713 

753 

791 

2S 

571 

6x1 

649 

688 

727 

764 

39 

549 

5S8 

6j5 

66j 

701 

737 

33 

527 

565 

63X 

638 

675 

710 

3Z 

505 

542 

577 

613 

649 

684 

33 

433 

519 

553 

588 

623 

657 

k      33 

461 

496 

529 

56  J 

597 

630 

M 

473 

505 

533 
513 

571 
545 

603 

576 

35 

427 

456                484 

lna.sqia 

62.44 

6S  94 

69.44 

72.94 

76.44 

79-94 

^.ttt* ( 

2  221 

24x8 

2618 

2825 

3038 

3259 

V«.m 1         5-97 

tiia* »          728 

6  06 

785 

6.14 

842 

6  22 
899 

6.30 
956 

6.38 
X0X4 

^m  ....'        3  41 

3  45 

3.48 

3  SI 

3. 54 

3.56 

^pvUnft.. 

212.6 

224. 5 

236.4 

248.3 

260.2 

272.1 

nV  «iCf  In&H-valiies  I 

ibove  the  upper  heavy  line  arc  for  ratios  oU'rr 

lot  over  60; 

lai^betvneen  the  beavi 

f  lines  axe  for  ratios  up  to  I30  i/r ;  and  those  belo' 

w  the  lower 

prrjr  Hne  are  for  ratios 

not  over  200  l/r 

From  Pocket  rompmnig'?,  Carnegie  Steel  Company,  PitUburgh.  Pa. 
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Stiength  of  Columns,  Posts  and  Struts 


Chap.  1^ 


TsU«  tXPT*  (Cootiinitd).    Safe  L<wd«  in  Uoto  of  i  ooo  Fooadt  for  Plaii» 

ftod-Angl*  Colamas 


,  ^ 

j'  '^ 

Allowable  fiber-stress  in  ponnds  per  square  inch: 
13  000  for  lengths  of  60  radii  or  under 
Reduced  for  lengths  between  60  and  X30  radii,  by 
Formula  (X3), 

5-19  000  —  100  l/r 
Weights  do  not  include  rivet>heads  or  other  detaila 
For  values  for  l/r  above  Z20,  see  notes  on  page  490 

^-rp — 

ITT-' 

Effective 
length. 

Web-plate  I2"X^6" 

Web-plate  i4"XH" 

^XpiV 

Is 

^^W    M 

to 

III 

•sx|*; 
^x«y 

li^^X 
to 

11 

13 

13 
14 
IS 

i8 
17 
X8 

19 

30 

31 
33 
23 
24 
25 

36 

27 
38 

29 

30 

31 
32 
33 

34 

35 

1065 
I  085 
Z085 
108s 
1085 

1065 
1085 

I  Z30 
1 130 
1 130 
I  130 
I  X30 

XI30 
I  X30 

1 130 

393 

393 
39a 
392 
392 

433 
433 

423 
433 

423 

452 
452 
452 
452 
452 

474 
474 
474 
474 
474 

497 
497 
497 
497 
497 

387 

375 

363 

352 
340 

328 
317 
305 
293 
281 

270 
258 
246 
235 
333 

3tZ 

4IS 

403 

390 

377 
365 

353 

340 
327 
3x4 
302 

370 
264 
351 
339 

444 
431 

417 

404 
390 

?P 
363 

336 
323 

^ 

282 
269 
355 

470 
456 

443 

436 

4X5 

401 
387 
373 
359 
345 

331 

3x7 
303 
289 
275 

497 

4813 

X082 
1054 

1036 

998 

970 
942 

1^ 

858 

830 

803 

774 
746 

718 

^. 

634 
606 

468 

X  lOX 

1073 

X043 

Z014 

985 

956 

927 

840 
81X 
783 

753 
638 

453 

43» 

4*5 

4x0 

396 
381 
367 

353 
33fl 
324 
309 
aw 

337 

320 

214 
808 

30X 

343 

1     36z 

sSi 

205 
200 

194 

188 

236 
339 

333 

3X6 

2SZ 

244 
237 

230 

4S3 

Mi 

Area,  sq  in 

83.44 

86.94 

30.19 

33.47 

34.7s 

36.50 

3S.J 

/w.in* 

ri-i,  in 

/M.in* 

r»-«.  in 

3486 
b.46 
I071 
3.58 

3721 
6.54 

XX38 

3.60 

I  361 

6.46 

391 

3.10 

X3SZ 

6.45 

3x1 
3.09 

X436 
6.43 

33Z 
309 

1539 
314 

3. 

Weiaht. 
lb  per  Tin  ft.. 

384.0 

295.9 

X03.8 

1X0.8 

ZX8.4 

Z24.3 

»30 

The  safe  la 

those  bet wee- 

1  heavy  line  ar 

&d- values  e 
n  heavy  H 
e  for  ratios 

ibove  the  u 

nes  are  for 

not  over  a 

ipperheav 

00  l/r. 

y  line  are 

toZ3o//r; 

for  ratios 
and  thoB 

o£  l/r  not 
«beknr  t 

iSTS 

*  From  Pocket  Companion, 


Steel  Company,  Pittsbuxgh, 


Tables  of  Safe  Loads  for  Steel  Colunuui 


52: 


Ittb  TOT*  (CiintiiuMd).    Sitfe  LmuIs  in  Uaita  of  x  ooo  PooiUto  Sur  Ftat«- 

,  A     *  ^  . 

Allowable  fiber'«tress  in  pounds  per  square  inch: 
1  000  for  lengths  of  60  radii  or  under 
educed  for  lengths  between  60  and   xao  radii,  by 
Formula  (13), 

S  —  19  000  —  100  l/r 
^eights  do  not  include  rivet-heads  or  other  details 
or  values  for  l/r  above  xao.  see  notes  on  page  490 

i 

'  Y    ■»  ^  '  " 

Bffccti-ve 

Web-pUte  14"XH" 

Web-plate  I4"X ^4" 

,Xc  J 

5 

*3iX*"*» 

c5   «X 

^x«;? 

vO 

^=w-tX 

0 

15 

13 

14 
15 

l6 

n 

18 

19 

ao 

4 

1 

at 

22 
33 
34 

35 

a6 

37 

as 

39 

30 

31 
32 

33         , 

34 

3S 

S20 
530 
520 
530 
S30 

530 

543 
543 
543 
543 

543 

543 

566 
566 
566 
566 
566 

566 

595 
595 
595 
595 
595 

595 

623 
623 
623 
623 
623 

6« 

S07 

493 

478 
463 

448 
433 
418 
403 
388 

374 
359 
344 
339 
314 

299 
184 

533 

517 
502 

487 

456 
441 
426 
410 

395 
380 

364 
349 
334 

318 
303 

551 

535 
518 
50a 

486 
470 
454 
437 
431 

405 
389 

340 

334 
308 

578 

561 
544 
527 

510 

493 

476 

459 

443 

434 
407 
390 
373 
356 

339 

323 

605 

587 
569 
551 

533 

515 
497 
479 
461 

443 
435 
407 
390 
372 

354 
336 

375 
367 
360 

390 
283 
275 

398 

290 
283 

313 

304 

395 

327 
318 

309 

Aan,sqin 

40.00 

41.75 

43.50 

45.74 

47.94 

ivvin* 

»»-i.in 

4»ai< 

^♦in 

1749 
6.61 

417 
3  33 

1857 

6.67 

446 

3.37 

I  88s 
6.58 

451 
3.22 

1970 

6.56 

473 

3.21 

2053 

6.54 

492 

3.20 

bpcrlinft..         X36.a 

X43.3 

148. 1 

155.7 

163.3 

the  eale  load-values  above  the  upper  heavy  line  are  for  ratios  of  l/r  not  over  6o; 
™b  bcKwieen  the  heavy  lines  are  for  ratios  up  to  i2ol/r;  and  those  below  the 
Io«cr  heavy  line  are  for  ratios  not  over  aoo  l/r 

'FxQin  Pocket  Compaaioii,  Canegie  Steel  Compaay,  Pittsburgh.  Pi 


528 


Strength  of  Columns,  Posts  and  Struts 


Chap.  ] 


T«Me  XXIV*  (Conttaued).    Safe  Loads  ia  Units  of  x  ooo  Pounds  for  Piatt 


r 


and-Angle  Cdlomns 


T    la  V 


square 


Allowable  flbcr-strcss  tn  pounds  per 
X3  ooo  for  lengths  of  6o  radii  or  under 
Reduced  for  lengths  between  6o  and   xao  radii. 
Formula  (13), 

S  »  19  000  —  100  l/r 
Weights  do  not  include  rivet-heads  or  other  details 
For  values  for  l/r  above  xao.  see  notes  on  page  490 


Eflfective 

length, 
ft 


II 
12 
13 
14 
IS 

x6 
17 
x8 
19 

20 

31 
32 
23 
24 
25 

36 

27 
28 

29 
30 

31 
32 

33 
34 
35 


Web-plate  I4"X5%" 


646 
646 
646 
646 
646 


643 

624 

606 

5S7 
S6S 

549 
530 

511 
493 
474 

455 
436 
417 
399 
380 

361 


691 
691 
691 

091 
691 

691 


TV  X  4-1  r-^ 


4->  r-^ 


—  X 


737 
737 
737 
737 
737 


Area,  sq 

in 

/i-i. 

in*, 
in. . 

•  •  «  > 

in«. 
in. . 

•  ■  •  • 

345 
336 
326 
317 


675 

6JS 
635 
615 

596 
576 
556 
536 
517 

497 
477 
457 
4.^8 
418 

398 

378 


737 
726 

70s 
6S4 
664 

643 
623 
602 

581 
560 

540 

519 
49S 
477 
457 

436 
415 


7i3 
782 
782 
782 
782 

782 


^X«v 


828 
828 
82S 
828 
828 


365 
356 
346 


39^ 
33s 
375 


776 

754 
733 
711 

639 
668 
646 
625 
603 

581 
560 
538 
516 
495 

473 
45a 
430 


828 

803 

7S0 
758 

735 

713 

6>3 

667 
645 

622 
600 
577 
554 
532 

509 

437 
464 


41s 

404 


444 
432 


5$  8^ 


|v4x 


873 
873 
873 
873 
873 

873 
873 


^52 
839 
80s 

782 
758 
734 
7H 
687 

664 
640 
617 
593 
569 

546 
$22 
499 

47S 


461 


49.69 


20S1 

6.47 

499 

3.17 


Weight,      I 
lb  per  Tin  ft.. 


169.3 


53.19 


2302 

6.58 

556 

3.23 


181. 3 


56.69 


2529 

6  6i 

613 

3- 39 

193- 1 


60.19 

2764 

6.78 

671 

3-34 


205.0 


63.69 

67.19 

3006 
6.87 

738 

3  38 

3355 
6.96 

78s 
3.4a 

3x6.9 

238. 8 

240. 


The  safe  load- values  above  the  upper  heavy  line  are  for  ratios  of  //r  not  over^ 
those  between  the  heavy  lines  are  for  ratios  up  to  I30  //r;  and  those  b^ow  tl 
lower  heavy  line  are  for  ratios  not  over  200  //r 


*  From  Pocket  Companion,  Came^e  Steel  Company,  Pittsburgh.  Pa. 


Tables  of  Safe  Loads  for  Steel  Coluixms 
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TaUe  XXIV*  (Continued). 


Safe  Loads  in  ITnits  of  x  ooo  Ponndf  for  Plate- 
aad^Angle  Ckdumns 


X     19   k 

AHowable  fiber- stress  in  pounds  per  square  inch: 

13  000  for  lengths  of  60  radii  or  under 

Reduced  for  lengths  between  60  and  120 

radii,  by 

Formula  (13). 

^.  jj 

iK 

5  «  10  000  —  100  l/r 
Weights  do  not  include  rivet-heads  or  other  details 

■?..f  ^ 

For  values  for  l/r  above  120,  see  notes  on  page  490 

-Y-ta  V- 

Effective 

Web-plate  I4"XH" 

^*    5 

50     S 

5 
.^^    5 

«'^     i 

5 
«.•*"    a 

^. 

5         — 

§Hx 

5         *■• 

1x|^ 

|x|S 

^X  N^b 

0 

•0            0 

■ 

0 

0 

II 

964 

1 010 

loss 

I  lOI 

1 146 

I  198 

12 

964 

1 010 

1055 

I  lOI 

1 140 

I  198 

13                    964 

1 010 

1055 

I  lOI 

1 146 

I  19S 

14                    964 

1 010 

1  055 

I  lOI 

1 146 

I  19S 

15 

964 

1 010 

loss 

I  lOI 

1 146 

I  198 

16 

9^ 

1 010 

loss 

I  lOI 

1 146 

I  19S 

17 
18 

964 

1 010 

loss 

I  lOI 

1 146 

I  193 
I  19^ 

949 

1         998 

I  046 

1093 

I  144 

19 

924 

971 

I  018 

I  067 

I  114 

I  198 

» 

89S 

945 
918 

991 
963 

1038 

I  010 

IOS4 
1055 

I  198 

n                 872 

I  174 

22                   &47 

892 

935 

981 

I  025 

I  146 

23 

8ji 

86s 

908 

933 

9J6 

I  119 

24 

796 

839 

83o 

924 

gf'j6 

I  091 

as                 770 

812 

853 

895 

937 

I  064 

35 

744 

786 

82s 

867 

937 

I  03J 

27 

719 

759 

797 

833 

877 

I  009 

2S 

693 

732 

770 

810 

84S 

9B1 

9 

668 

706 

74? 

781 

81S 

954 

30 

642 

679 

7x5 

753 

789 

926 

31 

617 

653 

687 

724 

759 

899 

33 

591 

626 

659 

696 

730 

871 

33 

565 

600 

632 

667 

700 

843 

34 

35 

540 

573 
546 

604 

639 

671 
641 

8x6 
788 

517 

577                 610 

1 

Ajsa,sqin 

74  19 

77  69 

81.19 

84. 69 

88  19 

92.19 

/i-i.m* 

3776 

4048 

4327 

4615 

4910 

5120 

':-j,  13 

7  13 

7.22 

730 

7.38 

7  46 

7. 45 

/j--,  in* 

«99 

956 

I  014 

I  071 

1128 

1493 

f»^,  in     ... 

3.48 

3. SI 

3.53 

356              3  58 

4.02 

Wd«ht. 

bperlinft..        2526 

264.5 

276.4 

288.3              3C0.2 

313.8 

Tbe  safe  load-values  s 

ibove  the  upper  heavy  line  are  for  ratios  of  I/r  n 
y  lines  are  for  ratios  up  to  120  l/r\  and  those 

ot  over  60: 

;  tlose  between  the  hea\ 

below  tbe 

1  'jJ<S€X  heavy  line  are  for 

ratios  not  over  aoo  l/r 

*  Fvum  Pocket  Companion,  Camcgie  Steel  Compaay,  Pittsburgh  Pa. 
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Strength  of  Columns,  Posts  and  Stmts  Chap.  1 


Tftble  ZXIV*'  (Centfamed).    Safe  Lotds  in  tTnits  of  i  ooo  Pounds  for  Plate 

and-Angle  ColimuiB 


7r  'lJ-  h' JL- 


1^ 


•Oi 
.4>i 


r--- 


AUowable  fiber-stress  in  pounds  per  square  inch: 
13  000  for  lengths  of  6o  radii  or  under 
Reduced  for  lengths  between  6o  and   120  radii,   by 
Formula  (13). 

5  «  19000  —  100  i/r 
Weights  do  not  include  rivet-heads  or  other  details 
For  values  for  l/r  above  t2o,  see  notes  on  page  490 


Web-plate  I4"XH" 

Effective 

«'^    . 

J^     . 

.^    5 

=i-  ^ 

.^     5 

length. 

^%x 

^X  n'2 

^xS^ 

rxH 

"Ac,© 

^5         1^ 

<o 

0 

«« 

« 

«o 

XI 

1250 

I3IS 

1367 

I  419 

I  471 

I  523 

12 

I  250 

1 315 

1367 

z  419 

Z47I 

I  S23 

13 

I  250 

I  315 

1367 

z  419 

I  471 

X  523 

14 

I  250 

1 315 

1367 

i4iy 

Z47I 

1  523 

IS 

I  250 

I  135 

Z367 

I  419 

I  471 

I  S23 

16 

I  250 

I  315 

1367 

Z419 

I47Z 

I  523 

17 

1250 

1315 

1367 

I4i9 

Z47i 

1  523 

18 

I2SO 

13IS 

Z367 

I  419 

I  471 

1  523 

19 

I  250 
t2SO     1 

I  315 

1367 

I  419 
1       Z4I9 

I  471 
1471 

1  523 

20 

I  308 
1277 

1364 
1333 

I  523 

21 

I  229 

Z388 

1443 

I  497 

22 

z  201 

I  246 

I  301 

I3$'> 

z  409 

I  463 

23 

I  172 

z  216 

I  269 

1323 

1375 

I  42S 

24 

I  144 

z  185 

Z237 

z  290 

1342 

I  393 

25 

I  115 

1 154 

z  206 

z  253 

1308 

X3S9 

26 

1087 

Z  Z23 

z  174 

z  22s 

1274 

I  324 

27 

I  058 

I09B 

II42 

z  192 

I  241 

z  289 

.   28 

I  030 

I  062 

Z  III 

z  z6o 

I  207 

I  254 

29 

I  001 

Z031 

•1079 

Z  Z27 

I  173 

I  aao 

30 

973 

Z  000 

1047 

1094 

z  139 

z  185 

31 

944 

970 

zois 

Z062 

z  iq6 

z  150 

32 

916 

939 

9?4 

I  029 

1072 

Z  IIS 

33 

8S7 

908 

952 

996 

z  038 

z  081 

34 

859 

877 

920 

964 

1  00$ 

1  046 

35 

830 

847 

839 

931 

971 

I  oil 

Area .  sq  in 

96.19 

loi . Z9 

105. Z9 

109.19 

113-19 

1x7. 19 

A-i.  in* 

5  457 

5484 

5830 

6187 

1       6552 

6928 

ri-|.  in 

7-53 

7.36 

7.44 

7. S3 

7.61 

7.69 

/j-t.  in* 

1579 

Z581 

1666 

Z7S2 

X837 

1933 

r«-?.  in 

4  OS 

3-95 

398 

4.01 

4.03 

4. OS 

Weight, 
lb  per  fin  it. . 

327.4 

344.2 

357.8 

371.4 

385.0 

398.6 

The  safe  load-values  above  the  heavy  line  are  for  ratios  of  l/r  not  over  60;  and 
those  below  the  heavy  line  are  for  ratios  not  over  120  l/r 


*  From  Pocket  Companion,  Carnegie  Steel  Company.  Pittsbuiigfa,  Pm. 


Tables  of  Safe  Loads  for  Sted  Columns 


631 


Xthb  Tin*  (Continiied).    S«fe  Loads  In  Units  of  x soo  Poinds  for  Plsie- 

and-Ando  Cotomns 


'^W 


■M^ 


T 


T^' 


Allowable  fiber-strofts  in  pounds  i>er  square  inch: 
13  000  for  lengths  of  60  radii  or  under 
Reduced  for  lengths  between   60  and   120  radii,  by 
Formula  (13). 

5  =■  19  000  —  100  l/r 
Weights  do  not  include  rivet-heads  or  other  details 
For  values  for  l/r  above  xao.  see  notes  on  page  490 


Elective 

lecr-h, 

ft 


II 
12 
13 
14 
IS 

16 

17 
a 

19 

20 

at 

23 

23 

24 
^ 

*7 

aB 

39 

30 

31 
33 
33 
34 
35 


aqin 


/i-ctn'. 
'vi.  in. . 
/M.ia«. 

rK9.ia. . 


Two  web-plates  i4"XJ^i 


'." 


1593 

1S92 
1592 
1592 
1592 

1592 
1592 
1592 
1592 


1590 

IS53 
I  516 

1479 

X443 
X  406 

1369 
1332 
1295 
1258 
I  232 

I  185 

1  148 
X  III 

2  074 

io:;S 


00 


X6S7 
X657 
1657 
l6s7 
1637 

1657 
1657 
1657 
1657 

I6S7 


I6S3 
x6i6 
1580 

1543 

1507 

1470 
1434 
1397 
1  360 

1324 

1  287 
I  251 
1  214 
1  177 
X  I4X 


•t/^  Woo 

00 


1728 
X728 
1726 
1728 
I  728 

X  726 
X728 

1728 
X728 

1726 

X  726 
X728 
X  728 


■i2< 


ts. 


^^  e«co 

00 


,rA  Woo 
00 


w:^-*- 


a 


l<£) 


t^  «oo 
00 


1787 
X7S7 
1787 
1787 
X787 

1845 
1845 
1845 
1845 
1845 

1904 
1904 
1904 
1904 
1904 

X787 
X787 
1 737 
1787 

1845 
1845 
1845 
1845 

1904 
1904 
1904 

1904 

X787 

1845 

1904 

1787 
X787 
1787 

X845 

184s     , 
1845    ' 

1904 
1904 

1904 

1695 

i66x 

x6a6 
X593 
1557 
X  523 
1488 

X453 
X4I9 
13S4 
X349 
I  315 


1750 
I  721 

1685 
1650 
X  614 

1578 
X543 

1507 
X471 
1436 

X  400 

136s 


X781 


1744 

1708 
1 671 
1635 
1598 

1 561 
152s 

14S8 

1 451 
1415 


879 
842 


1804 
1766 
1729 
1 691 
1653 

I  616 
1578 
1  541 
I  503 
1465 


122.44 

7014 
7.57 
1946 
3.99 


127.44 


bforfin'ft..'      416.4 


7as4 

7.54 

2229 

4.18 

433.6 


132.94 


137.44 


7  559 

7.54 
2831 
4.6i 


452.3 


7951 
7.62 

2  953 
4.03 


467.6 


141.94 

84IS 

7.70 
3074 
4.65 

482.9 


146.44 

8  8s9 
7  78 

3196 
4.67 

498.2 


_  kiad-values  above  the  heavy  line  are  for  ratios  of  l/r  not  over  60;  thoee 
hdam  heavy  line  are  for  ratios  not  over  lao  l/r 
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Chap.  1^ 


Ttbte  XZIV*  (Continued).    Safe  LoAds  in  Units  of  i  ooo  Pounds  for  Pinto 

and-Angle  Columns 


Allowable  fibor-«treiis  in  pounds  per  squ 
13  000  for  lengths  of  60  radii  or  under 
Reduced  for  lengths  between  60  and  X3o 
Formula  (13), 

5-19  000  —  100  l/r 
Weights  do  not  include  rivet-heads  and  other 
For  values  for  l/r  above  xso,  see  notes  on  pai 

are  inch: 
radii,  by 

details 
EC  490 

ft  1        — 

1 

Y 

2~y^ 

Effective 
length. 

Two  web-plates  I4"X56" 

«a«b'3X 

00 

00 

00 

II 

12 
13 
14 
X5 

l6 

17 

IS 

19 

20 

21 
22 
33 

24 
35 

26 

27 
28 

29 

30 

31 
32 
33 
34 
35 

1949 
1949 
1949 
1949 
1949 

1949 
1949 
1949 
1949 

1949 

1949 
1949 
1949 

3027 
2027 
2027 
2027 
2027 

2027 
2027 
3027 
2027 

2027 

2027 
3027 
2027 

2027 
2027 

2092 
2093 
2093 
2093 
3092 

2092 
2093 
2092 
2093 

3092 

2092 
2092 
2092 

2093 
2092 

2  157 
2157 
2157 
2157 
2157 

2157 
2157 
2  157 
2157 

2157 

2  157 
2157 
2157 

2157 
2157 

2  222 
2  222 
2  222 

2  222 

3  332 

2  222 
2  222 
2  222 

2  222 

2  222 

'2  222 
2  222 
2  222 

2  222 

2  322 

a  287 
a  287 
a  287 
a  387 

3287 

3  287 
3  287 
a  387 
a  287 

2  2S7 

2  287 
2  287 
2  287 

1918 
1879 

I  841 
1802 
1763 
1724 
1686 

1647 
1608 

1569 
I  530 
1493 

3  287 

2  387 

2009 

1972 

1935 

1899 
X862 

1825 
1789 
1752 
171S 
1679 

2077 
2039 
2  002 

1964 
1926 

1889 

X  851 

I  813 
1775 
1738 

2146 
2  107 
206S 
2029 
I  991 

1953 
1913 
1874 
1836 

1797 

3314 
2175 
2135 
209s 

2  0S5 

2016 
1976 
1936 
1896 

1857 

a  283 
2  243 
2  202 
2  161 

a  120 

ao79 
aoj9 
1998 

1957 
I  916 

Area,  sq  in 

149-94 

15594 

160.94 

165.94 

170.94 

175-94 

A-i.in« 

n-x.  in 

/m.  »n< 

»•»-«.  in 

8916 

7.71 
3222 

4.64 

9248 
7.70 

4049 
5.10 

9741 
7.78 

4216 
5. 12 

10248 

7.86 

4383 

5.14 

10767 

7.94 

4  549 

5.16 

ZZ  398 

8.01 

4716 

s.i» 

Weiaht, 
lb  per  lin  ft.. 

510.1 

530.5 

547.5 

564.5 

S81.S 

59s. S 

Safe  load-values  abo' 
below  the  heav>'  Une  ai 

ve  the  heavy  line  are  for  ratios  of  l/r  not  ov» 
^  for  ratios  not  over  120  l/r 

sr  60:  tbi 
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Iklb  XXV.*    Safe  Loads 


ia  Uaita  of  i  ooo  Pmindto  for  i^-Inch  duum^l- 
Coli 


Allowable  fiber-stress  in  pounds  per  square  inch: 
13  ooo  for  lengths  of  60  radii  or  under 
Reduced  for  lengths  between  60  and   lao  radii,  by 
Formula  (13). 

S  "  19  000  —  100  l/r 
Weights  do  not  include  rivet-heads  or  other  details 
For  values  for  l/r  above  Z20,  see  notes  on  page  490 


EfectiTs 

kn^th, 
ft 


II 

12 
13 
Z4 
Z5 

16 
17 
18 

19 

JD 
21 

33 
M 
as 

j6 

27 

as 

29 

30 

31 
32 
31 

34 

15 


sqxn 


)|er  fin  ft.. 


Two  lo-in  channels 
latticed 


^^ 

.0.2 

•ft  • 


■38 

a 


k 


116 
X16 
116 

r:6 
116 

X16 
X16 
116 


153 
153 

153 

i:;3 
133 

153 
153 


•38 


Two  io>in  channel:,  two  za^in  plates 


•oft 


W) 


«-f^ 


191 
191 
191 
191 
191 

191 

191 


115 
XI2 

109 
X06 
XO3 
XOO 
98 

95 
92 
«9 
86 

83 

80 
77 
75 

72 
69 


152 

148 
144 

140 

136 
132 

12S 
124 

I30 
116 
112 
108 
104 

100 
96 
92 

88  ! 
84  f 


181 
176 

171 
165 

x6o 

155 
ISO 

X45 

140 

134 
129 

124 

119 
1:4 
109 

103 


213 
213 
213 
213 

213 

213 
213 


If 


233 
233 
333 
233 
233 

833 
233 


213  1^33 


20A     !   227 


203 


lOI 


142 

137 
131 
126 
T20 


221 


197 

2X5 

192 

209 

186 

303 

181 

197 

175 

191 

170 

185 

164 

179 

159 

173 

153 

167 

148 

x6i 

155 
149 

X43 
137 
131 


in'*' 


252 
252 
352 
252 

as2 
252 

252 


ll 

[umnels, 
plates 

lO*** 

•3.5 

272 

289 

272 

289 

272 

289 

272 

2S9 

272 

289 

272 

289 

272 

289 

A52 

245 
239 

226 
219 
213 

2C6 
200 

193 

187 
180 

174 

167 
161 
X54 
148 

141 


•3$ 

Art 

o  a 

£v; 
_r 

309 
309 
309 
309 
309 

309 
309 


27X 

286 

264 

278 

257 

271 

«S0 
236 

263 
256 
248 

229 

240 

222 

233 

2X5 

203 

225 

217 

231 

2X0 

194 
187 

202 
195 

180 

187 

173 

x66 

179 
172 

159 

164 

152 

157 

305 

297 
289 

280 
272 
264 

256 

248 

240 
231 

223 

215 

207 

199 
191 

183 

174 
166 


,  ^-92 

XI. 76 

14.70 

X6.42 

17.92 

19.42 

20.92 

22.26 

134 

3.87 

123 

3  72 

158 
3.66 

148 
3.55 

18^ 
3.52 

X7I 
3. 41 

333 

4.30 

213 
3.60 

376 
4.53 

231 
35) 

420 
4.6s 

249 
3.58 

465 
4.71 

267 
3.58 

444 
4.46 

274 
3.  SI 

37.8 

47.8 

.57.8 

55. 5 

60.6 

65.7 

70.8 

75.7 

23.76 


489 

4.53 

292 

350 
80.8 


Srie  load- values  above  the  upper  heavy  line  are  for  ratios  of  I'r  not  over  60; 
betwceu  the  heavy  lines  are  for  ratios  up  to  120  l/r;  and  those  below  the 
heavy  line  are  for  ratios  not  over  aoo  l/r 
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Chap. 


Tftlito  XXV*  CCoatikmed). 


Safe  Loads  in  Vaita  af  i  ooe  Paoads  far  zo-Iiai 
Chaimcl*Coinmn« 


I 


i 


>.n 


2        i 


■^l— 


L^ 


^ 


w 


[!a 


...1^:'^..- 


^ 


Allowable  fiber-stress  in  pounds  per  square  incli 
13  ooo  for  lengths  oC  6o  radii  or  under 
Reduced  for  lengths  between  6o  and  X20  radii,  b; 
Formula  (13), 

5-19  000  —  100  l/r 
Weights  do  not  include  rivet-heads  or  other  details 
For  values  for  l/r  above  120.  aee  notes  on  pa^e  490 


Effective 
length, 


XI 

12 
13 
14 
15 

16 

17 
18 

19 

30 

31 
32 
23 
24 
25 

26 

27 
28 

29 
30 

31 
32 

33 
34 
35 


Area,  sq  la 

in* 

in 

in* 

in 

Weight, 
lb  per  Tin  ft., 


If- 


32a 
328 
328 
328 
328 

328 
338 


324 

315 
307 

398 
389 

38x 

373 
S63 

255 

346 

237 
229 
220 

2IX 
203 

194 

Z85 

177 


25.26 


534 
4.60 

310 
3.50 


85.9 


Two  lo-in  channels,  two  12-in  plates 


|5 


348 
348 
348 
348 
348 

348 
348 


367 
367 
367 
367 
367 

367 
367 


la 

u  a 


343 

334 
325 

3x6 
307 
297 
388 

279 

270 
261 
352 
242 
233 

224 

2X5 
206 

X96 
187 


359 

349 
339 

329 
319 
310 
300 

290 

280 
270 
260 
251 
241 

23X 

22X 
311 

301 


386 
386 
386 
336 
386 

386 
386 

367 
357 

347 
336 

326 
316 
30s 

295 

285 

274 
264 

253 

243 
233 
222 

212 


n  e. 
o.S 


.0 


orv 


it 


405 
40s 
40s 
405 
405 

405 


424 

443 

424 

443 

424 

443 

424 

443 

424 

443 

424 

443 

403 
392 

381 

370 

359 
348 
337 
326 

3X4 

303 
292 

281 

270 

259 

248 
237 
226 


423 
4" 

399 
388 

376 
364 
353 
34X 
330 

318 
306 
29s 
283 
37X 

260 
143 

237     I 


437 
424 

412 

400 

387 
375 
362 

3SO 
338 

325 
313 
301 
288 
276 

263 
251 
239 


194 


205 


215 

211 


227 
221 


233 

226 


26.76 

28.20 

29.70 

31.14 

32.64 

34.08 

581 

4.66 
328 

3.50 

559 

4.45 

333 

3.44 

606 
4.52 

351 
3-44 

583 
4.33 

354 
3.37 

630 

4.39 

372 

3  37 

608 

4.22 

372 

3.30 

9X.0 

95. 9 

XOI.O 

X05.9 

III.O 

XX5.9 

Safe  load«values  above  the  upper  heavy  line  are  for  ratios  of  l/r  not  qv^er 
those  between  the  heavy  lines  are  for  ratios  up  to  120  l/r\  and  those  ' 
lower  heavy  line  are  for  ratios  not  over  200  l/r 
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tMt  ZZV*  CGontiAvod).     Safe  Loada  in  TTniife  of  i  om  Ponndt  for  z«-Iich 


<-u'g— l 

•          ««« 

■  • 

0«^        •.  . 

• 

mnds  pc 

•     • 

'f''^ 

1 

—  •y         AuowmDM  noer-sxzvss  in  pc 

tr  square  incn: 

*t 

^T 

13  ooo  for  lengths  of  6o  radii 

or  under 

1 

^r-- 

1 

Reduced  for  lengths  between 

60  and 

120  radii,  by 

Formula  (13}, 

1 

1 

5-19  000  — 

100  l/r 

1a 

1 

u 

Weij^te  do  sot  include  rivet-heads  or  other  details           | 

,    Pott 

aluQS  for  l/r  above  xao.  see  notes  on  page  490 

^    ,..2        ^ 

4 

• 

<---U >i 

1 

Effective 

les2th. 

Two 

xo-in  channels,  latticed 

Two  lo-in  channels,  two  14-in 
plates 

II 

M 

€8 

"■a 

as 

•3§ 

•S8 

s 

0  a 

1  'T 

II 

xi6 

1       153 

191 

229 

252 

275 

298 

312 

XI 

1x6 

153 

191 

229 

252 

275 

298 

312 

13 

ii6 

153 

191 

229 

252 

275 

298 

312 

14 

xi6 

153 

191 

229 

252 

275 

298 

312 

15 

1x6 

153 

191 

229 

252 

275 

298 

312 

zi         i      Ii6 

153 

191 

229 

252 

275 

298 

312 

17 

Ii6 
1x6 
1x6 

153 
153 

191    1      229 

252 
252 
252 
252 

275 
275 
275 
275 

298 
298 
298 
298 

312 
312 
312 
312 

i8 

189 
184 

179 

224 
218 
211 

19 

ISO 
146 

20 

1X4 

21                    HI 

142 
139 

174 
169 

205 

199 

2S2 

275 

298 

312 

22 

I09 

251 

273 

295 

30S 

23 

io6 

135 

164 

193 

246 

267 

289 

302 

24 

I03 

13X 

159 

187 

241 

261 

282 

295 

25 

xoo 

127 

154 

180 

^ 

2S6 

276 

288 

26 

98 

123 

149 

174 

230 

2SO 

270 

282 

27 

95 

119 

144 

I6S 

225 

244 

263 

275 

as 

92 

115 

139 

X62 

219 

238 

257 

268 

29 

«9 

iia 

134 

156 

214 

232 

250 

261 

33 

87 

lOB 

129 

X49 

209 

226 

244 

255 

31 

84 

104 

124 

X43 

ao3 

220 

238 

248 

k           32 

8l 

100 

119 

137 

198 

214 

231 

241 

33 

78 

96 

114 

131 

193 

209 

235 

235 

31 

35 

75 

92 
88 

109 

125 

X87 
182 

203 

197 

219 

212 

228 
221 

» 
8. 

r3 

104 

1      121 

As*a,iqiB 

92  ! 

11.76 

14.70 

17.64 

19.42 

21.17 

22.92 

24.01 

4-.in« 

1.34 

158 

182 

207 

416 

468 

520 

491 

Oh»j^ 

<iin« 

3.8? 

3.66 

3.52         342 

4.63 

4.70 

4.76 

4.52 

197 

241 

284          323 

369 

398 

426 

442 

'n.in 4-70  ] 

453 

4.39  1      4.28 

4.36 

4.33 

4.31 

4.29 

^*««lit. 

Jb  per  En  ft.. 

39  3 

49.4         59  4 

69.4 

65.7 

71.7 

77.6 

81.7 

Sale  kud-values  at 

ove  the  upper  heavy  line  are  for 

ratios  of 

I'r  not  over  60; 

fane  between  the  he 

avy  lines  are  for  ratios  up  to  120 

l/r;  and 

those  below  the 

iBwer  heavy  line  are  f i 

or  ratios  not  over  aoo  l/r 
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Strength  of  Columns,  Posts  and  Struts 


Giap 


rabto  ZZV*  (Contiiiued).    Safe  Loads  in  Unita  of  i  ooo  Pooxida  for  tin 

ChanwH-Colgmna 


Allowable  fiber-etress  in  pounds  per  square  inc 
13  000  for  lengths  of  60  radii  or  under 
Reduced  for  lengths  between  60  and  120  radii, 
Formula  (13), 

5-19  000  —  loo  l/r 
Weights  do  not  include  rivet-heads  or  other  details 
For  values  for  l/r  above  zao,  see  notes  on  page  490 


Two  lo-in  channels,  two  14-in  plates 

EfTective 
length, 

Is 
r 

Is 
6* 

^1 

is 

".a 

II 

JO 

II 

13 

13 

14 
IS 

16 
17 
18 

19 

30 
31 

335 
335 
335 
335 
335 

335 
335 

335 

335 

335 

335 

358 
358 
358 
358 
358 

358 
358 

358 

358 

358 

358 

380 
380 
380 
380 
380 

380 
380 

380 

380 

380 

380 

396 

396 

5S 
396 

396 

396 

396 

396 

419 
419 
419 
419 
419 

4X9 
419 

419 

4X9 

419 

419 

44X 
44X 
44X 
44X 
44X 

441 

44X 

44X 
44  X 
441 

441 

M 
M 

4f 
4( 

M 

M 

4< 
4< 

M 

33 
23 
2A 

as 

86 

37 
38 

29 

30 

31 
32 

33 
34 

35 

330 
333 
316 
308 

301 
294 
2B7 

279 

272 

265 
258 
251 
243 

236 

352 

344 
337 
329 

321 

313 
306 

298 
290 

282 

275 
267 

259 

251 

374 
36s 
357 
349 

341 
332 

324 
316 
308 

399 
291 
283 

274 

266 

388 

379 
371 
362 

353 
345 
336 
327 
319 

310 
301 
293 
284 

275 

410 
4OZ 

^ 

373 
364 

336 

327 
318 
309 
300 

291 

432 
422 
412 
403 

393 
383 
373 
364 
354 

344 
XK 
32s 
31S 
306 

4! 
4^ 
4i 
42 

41 
4( 

1 

3: 

3( 
3! 

H 

32 

Area,  sq  in 

25.76 

27.51 

39.26 

30.45 

32.20 

33.95 

35 

/i-i.  in* 

»'i-!.in 

/m.  in* 

»'9-«.  in 

544 
4.59 

470 
4.27 

597 
4.66 

499 
4.a6 

652 
4.72 

527 
4.24 

622 

4. 52 

541 
4.22 

676 
4.58 

570 
4  21 

732 

4.64 

598 

4.20 

1 

4. 
1 

4. 

Weight, 
lb  per  lin  ft.. 

87.6 

93  6 

99-5 

X03.6 

109.5 

IIS. 5 

IX 

Safe  load- values  above  the  heavy  line  are  for  ratios  of  l/r  not  over  60;  and  tl 
below  the  heavy  line  are  for  ratios  not  over  120  l/r 


*  From  Pocket  Companion,  Carnegie  Steel  Co*npany,  Pittsburgh,  Pa. 


Tables  of  Safe  Loads  for  Steel  Columns 


Mil  XX7*  (CoBtmned).    Safe  Loads  in  Units  of  x  ooo  Pmnuto  for  lo-budi 

CluuuMl-ColiiniBO 


f"^ 


— H 


I    I 


■mr-* 


ry 


I 


'i-M 


yh. 


^-^---A 


Allowable  fiber-stress  in  pounds  per  square  inch: 
13  ooo  for  lengths  of  60  radii  or  under 
Reduced  for  lengths  between  60  and   xao  radii,  by 
Formula  (13). 

5  -  19000  —  ioo//r 
Weights  do  not  include  rivet-heads  or  other  details 
For  values  for  l/r  above  120,  see  notes  on  page  490 


Two  xo-in  cbannds,  two  14-in 

plates 

B3edvt 

ft 

is 
1! 

II 

ll 

•§8 

CO 

VIP 

ll 

0.5 

U  C3 

"•T 

c  C 

0-- 

"  C 

^  • 

il'<* 

as 

^\ 

^•T 

*^ 

ir 

A- 

r 

^- 

T 

u 

1 

480 

S02 

525 

548 

571 

593 

u 

480 

S02 

525 

548 

571 

593 

U 

480 

503 

525 

548 

571 

593 

14 

480 

S03 

525 

548 

571 

593 

IS 

480 

502 

525 

548 

571 

593 

16 

480 

S02 

525 

548 

571 

593 

17 

480 

S02 

525 

548 

571 

593 

iS 

480 

S02 

525 

548 

571 

593 

19 

480 

502 

52s 

548 

571 

593 

m 

480 

502 

525 

548 

571 

593 

> 
n 

477 

522 

522 

544 

567 

589 

n 

4^ 

488 

510 

532 

554 

575 

Q 

456 

477 

499 

520 

541 

562 

U 

446 

466 

487 

508 

529 

549 

n 

425 

455 

475 

495 

516 

536 

as 

424 

444 

464 

483 

503 

522 

V 

414 

432 

452 

471 

490 

^ 

* 

403 

421 

440 

459 

478 

496 

39 

393 

410 

429 

446 

46s 

483 

» 

38a 

399 

417 

434 

452 

469 

31 

371 

388 

405 

422 

440 

4S6 

32 

360 

377 

3W 

410 

427 

443 

3! 

3SO 

365 

382 

3f 

414 

430 

31 

339 

354 

370 

385 

401 

416 

35 

1^ 

328 

343 

359 

373 

389 

403 

kn.fqm 
-*i»« 

36.89 

3B.64 

40.39 

42.14 

43.89 

45  64 

737 

814 

873 

932 

994 

I  056 

■»ta 

4- S3 

4. 59 

4.6s 

4.70 

4.76 

4.81 

h*ia* 

637 

666 

69s 

723 

752 

780 

Kn 

4.16 

4.15 

4.15 

4  14 

4.14 

4.13 

iteitht. 

^fifift... 

12$  S 

131  4 

137.4 

143  3 

149  3 

155. 2 

\fKk  kfid-valaes  above  the  heavy  line  are  for  ratios  of  l/r  not  over  60;  those  be- 
pt«  heavy  line  are  for  ratios  not  over  120  l/r 

*  Fnni  Pocket  Compsnioii,  Carnegie  Steel  Company,  Pittsburgh,  Pa. 


638 


Strength  of  Colamns,  Posts  and  Struts 


Chap. 


TMb  XXJf*  CCoBtitiitad).    S^f*  Ldads  in  Units  ol  zooo  Poonds  for  i<hU 

Chtnael-Colttinita 


r^a — — 15 — O., 

1         1 

1 

r 

Allowable  nbetostfess  in  pounds  per  square  met 

u.    1' 

13  000  for  lengths  of  60  radii  or  under 

% ' 

.8Ji^-- 

1^ 

Reduced  for  lengtlis.  between  60  and  zao  radii,  b 

Formula  (13). 

1 

5  «  19000  —  100  l/r 

t  ,A^ 

1 

k 

Weights  do  not  include  rivet-heads  or  other  details 

1 

For  values  for  l/r  above  120.  see  notes  on  page  490 

!V  ,A     "^l 

:*—  U -*\_ 

Eflfective 

Two  lo-in  channels,  two  14-in  plates 

•SI 

hannels. 
plates 

4s 

VI 

c  0 

4s 

If 

length. 

11 
1: 

a 

hann 
1  plat 

1! 

y.- 

^  a 

0^ 

t».2 

U.S 

O.S 

•o>2 

^-7 

•0^ 

j:  i 

jC  if 

V 

i? 

i^ 

V 

II 

609 

632 

654 

677 

700 

723 

12 

609 

632 

654 

677 

700 

723 

13 

609 

632 

654 

677 

700 

723 

14 

609 

632 

654 

677 

700 

723 

IS 

609 

632 

654 

677 

700 

723 

l6 

€09 

632 

654 

677 

700 

723 

17 

609 

632 

654 

677 

700 

723 

I8 

609 

632 

654 

677 

700 

723 

19 

609 

632 

654 

677 

700 

723 

20 

ai 

609 

€32 

654 

677 

700 

723 

602 

624 

647 

669 

691 

714 

22 

588 

610 

632 

654 

67s 

S'. 

23 

575 

596 

617 

639 

660 

34 

561 

582 

603 

624 

644 

66s 

as 

547 

568 

588 

606 

6a8 

648 

26 

533 

553 

573 

593 

612 

(32 

27 

520 

539 

559 

578 

596 

616 

28 

506 

525 

544 

563 

581 

599 

29 

492 

5" 

529 

547 

56s 

5B3 

30 

479 

496 

514 

532 

549 

567 

31 

465 

482 

500 

517 

533 

550 

32 

451 

468 

485 

50a 

517 

534 

33 

437 

454 

470 

487 

502 

S18 

34 

424 

440 

455 

471 

486 

soa 

35 

410 

425 

441 

456 

470 

48s 

Area,  sq  in 

46.83 

4858 

50.33 

52.08 

53.83       1      5SS 

/i-i.  in« 

I  018 

I  080 

I  144 

I  209 

I  275 

134 

ri-uin 

4.66 

4.72 

4.77 

4.82 

4.87 

4-9 

/»-«.  in« 

788 

816 

84s 

874 

902 

93 

rj-j,  in 4.10 

4.10 

4.10 

410 

4.09 

4.C 

Weight. 

lb  per  Un  ft.. 

159.3 

165. 2 

171.2 

177.1 

183. 1 

189. 

Safe  load- values  abov 
low  the  heavy  line  are  1 

re  the  heavy  line  are  for  ratios  of  l/r  not  over  60;  thoss 

or  ratios  not  over  120  l/r 

*  From  Pocket  Companion,  Caraegie  Steel  Company,  PittsboDgb,  Pa. 


TaUes  of  Safe  Loada  for  Steel  Cdunma 


53 


Mb  ZZVL*    Sirftt  Irf»ads  m  Iteite  of  i  opo  Piimi4»  loc  zs-ImciL  CkanM^ 


£ 


■^ 


■  -  -8, — J ' 


iM 


L 


S?* 


ro- 


^ 


....ifi'. 


T1 


Allowftb&B  fiber^strcM  in  pounds  per  cquftfe  inch: 
13  000  for  lengths  of  60  radii  or  under 
Rednoed  for  kagths  between  60  and  xao  radii,  by 
Formula  (13). 

5  *  19  000  —  100  l/r 
Weaflite  do  not  indudfl  rivet^hcads  or  other  details 
For  vahies  for  l/r  above  120.  set  notes  on  page  490 


Two  i2-in  channels,  latticed 


.'S 


12.06 


50.4 


|8 


191 
191 
191 

191 
Z9I 

191 
191 
191 
I9X 
191 

191 


190 

x86 
183 
178 

174 
170 
x66 
163 
158 

154 
150 
146 
142 
138 


239 
239 

229 
239 
229 

239 
239 
239 
239 
239 


»9 


a68 
a68 
a68 
368 
a68 

268 
268 
268 

268 
268 


235 

230 
2X5 
2X0 

205 

aoo 

19s 
X90 

X85 

x8o 

175 
X70 
165 
160 


259 

253 
248 
242 

236 
230 
224 

218 

2ia 

206 
aoo 

X94 
x88 
X82 


Two  X2-in  channels,  two 
X4'in  plates 


8^ 


0^  ^^ 


293 
393 
393 
393 
393 

393 
393 
393 

393 
393 

293 


3x6 
3x6 
3x6 
3x6 
3X6 

3x6 
3x6 
3X6 
3x6 
3x6 

3x6 


390 

383 

377 
271 

36s 
358 
353 
346 
239 

233 

327 
230 

314 
20B 


312 

305 

398 

291 

284 

277 
271 

264 

357 

250 

343 

236 
230 
223 


339 
339 
339 
339 
339 

339 
339 
339 
339 
339 

339 


334 

336 

319 
312 

304 
297 
290 
283 

275 

268 
a6o 

253 

246 

238 


X4.70 

17.64 

20.58 

22.56 

24.31 

268 

4.43 

4*3 

333 

4.38 

3x6 

4.23 

359 

4.  IT 
35X 

4.13 

658 
5.40 

415 
4.29 

730 
5.48 

444 
4.37 

59.4 

69.4 

79.4 

76.7 

82.7 

36.06 

803 

5-55 

473 

4.36 

88.6 


i^k  losd^values  above  the  heavy  Hne  are  for  ratios  of  l/r  not  over  60;  those 

Mb*  the  heavy  line  are  for  ratios  not  over  120  l/r 

^ , 1 

*Ffoai  Pocket  Companion,  Camcsgie  Steel  Company.  Pittsburgh,  Pa. 


m 


Strength  of  Cblumns,  Posts  and  Struts  Chap. 


raU«  XXVI*  (Contiinwd).    Safe  Loads  ia  Haiti  of  i  ooo  Paaada  for  la-t^ 

Chanoai-ColiiiiuiB 


r^ 


•11 


» 


8 


*4  H 


i.M 


^ 


^. 


V 


Allowable  fiber-stress  in  pounds  per  square  ind^ 
X3  000  for  lengths  of  do  radii  or  under 
Reduced  for  lengths  between  6o  and  lao  mdii.  b] 
Formula  (i3)t 

5  -  19  000  —  100  l/r 
Weights  do  not  indade  rivet^heads  or  other  details 
For  values  for  l/r  above  i  so.  see  notes  on  page  490 


Two 

[a*in  channels,  two  14-tn  plates 

Effective 
length, 

ii 

£  a 

• 

at! 

S3 

1^ 

as-lb  channels, 
^ft-in  plates 

^1 
ir 

2S-Ib  channels, 
H-in  plates 

Ii 

IX 

36a 

384 

396 

419 

441 

464 

487 

13 

362 

3S4 

396 

419 

441 

464 

487 

13 

362 

384 

396 

419 

441  ■ 

464 

487 

14 

3fi2 

384 

»5 

419 

441 

464 

4«7 

IS 

36a 

384 

396 

419 

441 

464 

4*7 

16 

362 

3B4 

396 

419 

441 

464 

4«7 

17 

363 

384 

396 

419 

4«X 

464 

487 

1           18 

362 

384 

396 

419 

441 

464 

487 

19 

362 

384 

306 

419 

441 

464 

407 

ao 

363 

363 

384 
384 

396 
396 

419 

441 

464 

487 

ai 

418 
409 

440 
431 

4^ 
453 

4Ks 

aa 

3S5 

377 

387 

474 

33 

347 

^ 

378 

400 

421 

443 

464 

24 

339 

360 

370 

5° 

4x1 

433 

4S 

2S 

333 

353 

36x 

38X 

401 

423 

442 

a6 

324 

344 

353 

372 

392 

41a 

431 

27 

316 

335 

344 

363 

383 

40a 

421 

aS 

308 

337 

335 

354 

373 

391 

4I< 

39 

300 

318 

326 

344 

362 

381 

^ 

30 

393 

310 

318 

335 

3S3 

371 

38i 

31 

384 

303 

309 

326 

343 

361 

37] 

3a 

377 

393 

300 

317 

333 

350 

3ft: 

33 

3«9 

a8s 

291 

307 

333 

340 

391 

34 

a6i 

377 

383 

298 

3x4 

330 

34! 

3S 

3S3 

a68 

374 

a89 

304 

330 

33* 

Area,  sq  in 

a?.  81 

29.56 

30.45 

32.20 

33-95 

35.70 

37.4 

/i-.i.in« 

878 

954 

910 

986 

X063 

I  X43 

I  2 

ri-i,  m 

S.62 

5.68 

5  47 

5. 53 

S.60 

5.66 

S.' 

/»-t.  in* 

501 

530 

537 

56s 

594 

62a 

€( 

rt-«.  in 

4.34 

4.33 

4.30 

4.19 

4.18 

4.18 

4. 

Weight, 
lb  per lin  ft.. 

94.6 

100. s 

103.6 

109.5 

xxs.5 

X3I.4 

137 

Safe  load-vnltwr  above  the  heavy  line  are  for  ratios  of  l/r  not  over  60;  th 

below  the  heavy  line  are  for  ratios  not  over  xao  l/r 


*  Prom  Pocket  Companion,  Carnegie  Steel  Compaay.  Pittsburgh, 


Tables  of  Sale  Loads  £or  Steel  Columns 


541 


IMIe  ZXVI*  (CoBtiane4).    Sitf«  homU  fn  Uaiti  ol  i  o«»  9mtnd9  tm  xa«lach 

ChanneUCohmnw 


IM 


Allowable  fiber*«trett  in  pounds  per  •qtutre  inch: 
13  000  for  lengths  of  60  radii  or  trnder 
Reduced  for  lengths  between  60  and  xao  radii,  by 
Formula  (13), 

S  —  19  000  —  100  l/r 
Weights  do  not  include  rivet-heads  or  other  details 
For  values  for  l/r  above  lao,  see  notes  on  page  490 


..u:-'.—^ 


EScctive 

!eB«th, 

ft 


zi 
u 

13 

X4 
15 


Id 


502 
502 
50a 
S02 
S02 


16 

S02 

17 

5« 

18 

5M 

19 

SD2 

ao 

S02 

21 

498 

23 

4«7 

ai 

476 

24 

465 

« 

453 

jC 

442 

*7 

431 

28 

420 

39 

409 

10 

397 

3X 

386 

3> 

375 

33 

3fi4 

34 

35a 

S 

341 

38.64 


131. 4 


Two  i»>in  channels,  two  14-in  plates 


•34 


n 


d 

a* 


I 


l-N. 


52s 

53S 

525 
525 

535 
52s 
52S 
525 
525 


521 

509 

474 

462 

451 

439 
427 
415 

404 
392 
380 
368 
357 


548 
548 
548 
548 
548 

548 
548 
548 
548 

548 


543 
531 
SI8 
506 
494 

482 
469 

457 
445 
432 

420 
408 

383 

371 


571 
571 
S7X 
571 
571 

571 
571 
571 
571 
57X 


565 

553 

540 
527 
514 

502 
489 
476 
463 
450 

438 

42s 
412 


h 


II 


593 
593 
593 
593 
593 

593 
593 
593 
593 
593 


588 

548 
535 


522 
508 

495 
482 
468 

455 

442 
428 

415 
402 


609 

609 

609 
609 


60X 
S87 
573 
559 
545 

532 
518 

504 
490 
477 

463 

449 
435 
421 
408 


632 
632 
<32 
632 
632 

632 
632 
632 
632 
632 


623 
609 

594 
580 
566 

552 

537 
523 
.509 
494 

480 
466 
452 
437 
423 


40.39 


1 174 

1258 

5-52 

5.58 

6S9 

688 

4- 13 

4. 13 

137.4 


42.14 


1340 

5.64 

717 

4.12 


143-3 


43.«9 


1424 
5.70 

745 
4.12 


45.64 


1509 

5.75 

774 

4.12 


1493       155. 2 


46.83 


159. 3 


48.S8 


1459 

1544 

5.58 

5.64 

779 

808 

4.08 

4.08 

Z65.2 


654 
654 
654 

654 

654 
654 

654 
654 
654 

654 


645 
631 

616 
601 

586 

571 
557 
542 
527 
512 

497 
483 
468 

453 
438 


50.33 


I  630 

5.69 

837 

4.08 


171. 2 


1 9tk  load- values  above  the  heavy  line  are  for  ratios  of  //''  not  over  60;  those 
the  heavy  line  are  for  ratios  not  over  120  l/r 


*  From  Pocket  Companioo,  Camegir  Steel  Company.  Pittsbiugh,  Fa. 


M2 


Stiength  of  Columns,  Posts  and  Struts 


Chap. 


TaU*  XZVI*  (Contfamad)*    8if«  Loads  ia  ITiiKi  of  f  ooo  PtmaOM  for  z>4 

duumol-Colt 


L-u!'    -^ 

r^ — -|2 i-. 

1 

1 

7S^ 

Allowable  fiber-stress  in  pounds  per  square  ind 

1 

X3  000  for  lengths  of  60  radii  or  under 

^-^- 

X 

Reduced  for  lengths  between  60  and  I30  tudu,  b 

Formula  (13). 

1 

I 

5  -  X9  000  —  IOC  l/r 

♦  .rfM 

i 

—4— 

k 

Weights  do  not  indude  rivet-heads  or  other  details 
For  values  for  l/r  above  I30.  see  aotet  oa  paee  490 

i* 14- 91 

Eflfective 

Tm>  i3-in  channels,  two  X4-in  plates 

•3« 

if 

•38 

channels, 
-in  plates 

channels, 
in  plates 

■S5 

4\ 

length, 
ft 

is 

4  ca. 

•S.2 

chann 
•in  plal 

a± 
ii" 

XX 

677 

700 

723 

745 

IS 

791 

Su 

13 

677 

700 

723 

745 

!2 

791 

8Xi 

13 

677 

700 

723 

745 

iSi 

791 

8ti 

14 

677 

700 

723 

745 

768 

791 

8ii 

IS 

677 

700 

723 

745 

768 

791 

8ii 

l6 

677 

700 

723 

745 

!2 

791 

Si/ 

17 

677 

700 

723 

745 

768 

791 

8x. 

l8 

677 

700 

723 

745 

768 

791 

Si. 

19 

677 

700 

723 

745 

768 

791 

81. 

30 
31 

677 

700 

723 

745 

768 

791 

SK4 

668 

«9 

712 

734 

757 

?8 

8a 

33 

6S3 

674 

69s 

717 

739 

7S: 

23 

637 

658 

679 

700 

733 

743 

l6i 

24 

633 

643 

663 

684 

704 

725 

74< 

3S 

607 

636 

646 

667 

687 

707 

7* 

36 

591 

6x0 

630 

650 

670 

689 

70 

27 

576 

594 

6x4 

633 

6S3 

672 

69 

38 

561 

578 

597 

6x6 

635 

654 

67 

29 

545 

S63 

58x 

599 

6x7 

636 

<S 

30 

530 

547 

564 

583 

600 

6x8 

63 

31 

51S 

531 

548 

565 

583 

600 

6x 

32 

X 

51S 

532 

548 

56$ 

^ 

59 

33 

^P 

515 

531 

548 

^ 

^ 

34 

469 

483 

499 

515 

530 

546 

56 

3S 

453 

467 

483            49S 

5x3 

538 

54 

Area,  sq  in 

53.08 

53.«3 

55.S8 

57.33 

59-08 

60.83 

69. 

/j-i.  in* 

I  719 

x8o8 

i«99 

1992 

3087 

3  183 

a  a 

n-i.  in 

4.08 

5.80 

5.8s 

5.89 

5.94 

S.99 

6. 

i*-3.  in* 

894 

933 

951 

9«o 

lOoB 

X  c 

r*-i,  in 

4.07 

4.07 

4.07 

4.07 

4.07 

4. 

Weight. 

lb  per  liii  ft.. 

X77.1 

183. 1 

X89.0 

19s.  0 

300.9        306.9    ' 

ara 

Safe  load-values  abo 

ve  the  heavy  line  are  for  ratios  of  l/r  xK>t  over  60;  tH 

below  the  heavy  line  a 

re  for  ratios  not  over  xso  l/r 

*  From  Pocket  Compaxifon,  Carnegie  Steel  Company,  Ptttsbuigfa.  Pa. 


Tables  of  Sale  Loads  f<^  Steel  Columns 


943 


ZZn*  (CdiirtMiiil).    8aU  Loads  ia  uaili  of  z  mo  Poaado  foe  xs-Iaoh 


Allowable  fiber-stress  in  pounds  ptt  squam  inch; 
13  000  for  lengths  of  60  radii  or  under 
Reduced  for  lengths  between  60  and  xao  ridii,  by 
Formula  (13). 

S  «■  X9000  -•.100 //r 
Weights  do  not  include  rivet-hoads  or  other  detatlo 
For  values  for  l/r  above  xao,  see  note*  on  page  490 


iSedi^ 


Two  X9-in  channels,  two  z6-{n  plates 


II 
u 
13 
14 
15 


ja4 
ft? 


619 
6x9 
6x9 
619 
6x9 

6x9 
619 
619 
619 
dx9 

619 
619 
619 
619 


Is 


Us 

645 

645 

645 

645 

645 
645 
645 

Us 

645 
€45 

645 

645 

645 


•S8 
I" 


67 
67 
67 
67 
67 

67 
67 
67 
67 
67 

67 
67 
67 

67 


6x0 

599 

587 
575 
563 
553 

540 
5« 
S16 
504 
493 


6^ 

623 
611 

55 


574 

56a 
549 
537 
525 
5M 


660 

648 

635 
622 

609 
596 

5S3 
571 
558 
545 
532 


•3.3 


697 
697 
697 
697 
697 

697 
697 
697 
697 
697 

697 
697 
697. 

697 


673 
659 
646 
633 

6x9 

606 

593 

579 
566 

553 


723 
723 
723 
723 
723 

723 
723 
723 
723 
723 

723 
723 
723 

723 


it « 


749 
749 
749 
749 
749 

749 
749 
749 
749 
749 

749 
749 
749 

749 


II 


ji 


a 


si 


763 
76a 
76a 
76a 
76a 

76a 
76a 
76a 
76a 
76a 

76a 
76a 
762 

76a 


788 
788 
788 
788 
788 

788 
788 
788 
788 
788 

788 

788 
788 


71X 

697 
683 

65s 
64a 

628 

614 
600 

586 

572 


736  '  747 


721 
707 
693 
678 
664 

649 
63s 
6ai 
606 
592 


73a 
718 
703 
688 

674 

659 
644 
630 

615 
600 


787 
772 

7S6 
741 
726 

^ 

68z 
66s 
650 

620 


II 


81 

8x 
81 
81 
81 

81 
81 
81 
8x 
8x 

81 
81 
81 


813 
797 

78X 
766 
750 
734 
719 

703 
687 
672 
656 
640 


840 
840 
840 
840 
840 

840 

840 
840 
840 
840 

^o 
840 
840 

"835" 
82a 

80s  1 

789 

773 

757 

741 

724 
708 
692 
C76 
660 


sqrn 


47.64 

49.64 

51.64 

53.64 

55.64 

1581 
5.76 

X  X3X 
4.S5 

1678 

S.81 

X  164 

4.84 

1777 
4.83 

1878 
5.9a 
1249 
4.83 

1980 

5.97 
I  292 
4.82 

i6a.o 

16S.8 

175.6 

182.4 

189. 2 

57.64,  58.58 


2084 

2  015 

6.01 

5.87 

1334I 

1349 

4.81 

4.80 

60.58 


196. ot  199.2 


2  119 
5.91 

1392 
4.79 


62.58 


206.0 


2  225 
5.96 

1434 
4.79 


axa.8 


64.58 


2  1V! 

6.01 

1477 
4.78 


aiQ.6 


(1o«l-^Bluea  above  ^e  heavy  line  are  for  ratios  of  Ifr  not  ow  60;  those  be- 
(be  heavy  line  are  Cor  ratios  not  over  lao  Ifr 


TfOBB  Pocket  Coipanian,  Ctunspe  Steel  Company,  Pittstau«ik,  Pa. 


544 


Stiexigth  of  Columns,  Posts  and  Struts 


Oiap. 


Tabl«  ZZVI*  (CootiMAd). 


Sate  Loads  in  Uaiti  of  i 
CiihaBHirf'^olmiini 


000  FoBada  Ipr  i24i 


ift 


I 

.T. 


A^ 


k" 


_j£ 4x 


"F 


10 


f- 


W 


:^.^-}?...^^ 


Allowable  fiber-stress  in  sxntnds  per  sattam  tncb: 
13  000  for  lengths  of  6o  radii  or  under 
Reduced  for  lengths  between  6o  and  120  radii,  by 
Formula  (13).  . 

S  ■■  IQ  000  —  xoo  l/r 
Weights  do  not  include  rivet-heads  or  other  details 
For  values  for  l/r  above  120,  see  notes  on  s»age  490 


Effective 
lensth. 


iz 
12 
13 
14 
15 

16 

17 
18 

19 
20 

21 
22 
23 

24 
25 

26 

27 
26 

29 
30 

31 
32 

33 

34 
35 


Area,  sq  in 


/i-i.in* 

r»-i.in..... 

Jt-f.m* 

r>-i.  in 

Wd^t. 
lb  per  lin  ft., 


866 
866 
866 
866 
866 

866 
866 
866 
866 
866 

866 
866 
866 


847 

830 
814 
797 
780 

764 

747 
730 
[13 


680 


Two  I2>in  channels,  two  x6-in  plates 


1^ 

li 


892 
892 
892 
892 
892 

892 
892 

892 
892 

892 

892 
892 
892 


S72 

854 
837 
Sao 

803 
785 

768 
751 

716 
699 


H 

Ma 


918 
918 
918 
9X8 
918 

918 
918 
918 
918 
918 

9x8 
918 
918 


915 
897 

879 
862 

844 
826 

806 

791 
773 
755 
737 
720 


944 
944 
944 
944 
944 

944 
944 
944 
944 
944 

944 
944 
944 


940 
922 

885 
867 
848 
830 

8x2 
794 
775 
757 
739 


970 
970 
970 
970 
970 

970 
970 
970 
970 
970 

970 
970 

970 

947 

928 

872 
853 

834 
8X5 
797 
778 
759 


V) 


1I 


996 

996 
996 
996 

996 

996 

996 

S5 
996 

996 


992 
992 

953 
934 
914 

876 

857 
837 
8x8 

799 
779 


II 


022 
022 
022 
022 
022 

022 
022 

022 
022 
022 

022 

022 
022 


017 
997 

977 
957 
937 
9x7 
897 

878 
858 
838 

8x8 
798 


1048 
X  048 
1048 
1048 
1048 

104B 
1048 
X048 
I  048 
I  048 

I  048 
X048 
X048 


X  042 

1022 
X  002 

96X 

94X 

920 

8x9 


074 
074 
074 
074 
074 

074] 
074 
074 
074 
074 


I 
I 

X 

I 
I 

z 

I 
I 

I 
I 


074    z 
074    X 

074 


047 

905 
943 


Wo 
«39 


t 

I 

1 

1 
1 


66.  s8 

68.58 

70.58 

72.58 

74.58 

76.58 

78.58 

80.58 
^6.36 

x8x8 
4.75 

82. s8 
I  flot 

4.7s 

'6^ 

Z520 

4.78 

2  555 

6.10 

1562 

4.77 

2668 

6.15 
Z605 
4.77 

2783 

6.XQ 

X648 
4.76 

290X 

6.24 
X690 

4.76 

3020 
6.28 

VM 

3x41 

1776 
4.75 

226.4 

233-2 

240.0 

246.8 

253.6 

260.4 

267.2 

974.0 

aSo.ft 

Sale  load*vaI«es  above  the  heavy'  line  aitf  for  ratios  of  l/r  not 
below  the  heavy  line  are  for  ratios  not  over  X20  l/r 


^o^n 


*  Fnm  Pocket  CoHpaaien,  Caniegie  Steel  Gonpaoy,  PlMsbinwh, 


Tables  of  Safe  Loads  for  Steel  Columns 


54i 


Safe  L«#ds  ]a  Uiilti  of  i  eoo  Potmda  for  xg-Inch  Chaanel- 
Cotomas 


1^12 


•"^ 


.,-^— ,. 


iC    — 


iJ^ 


J 


^ 

"^ 


Allowable  fiber-stress  in  pounds  per  square  inch: 
13  ooo  for  lengths  of  6o  radii  or  under 
Reduced  for  lengths  between  6o  and  xao  radii,  by 
Formula  (13). 

5  —  19  000  —  100  l/r 
Weights  do  not  include  rivet-heads  or  other  details 
For  values  for  l/r  above  x  30,  see  notes  on  page  490 


vfr-^-.-r^ 


i 

Two 

X5-in  channels,  latticed 

Two  is-in  channels,  two 
i6-in«plates 

^Bfecdve 

^"8 
I'S 

11 

• 

11 

Jj5 

1.5 

0  0, 

MS 
"ft 

^  0 
?3- 

1^ 
ft- 

73  « 

i? 

to 

i? 

f      11 

aS7 

a68 

306 

344 

4x3 

439 

465 

1      u 

257 

368 

306 

344 

4x3 

439 

465 

^       U 

257 

368 

306 

344 

413 

439 

46s 

i       U 

257 

368 

3o6 

344 

413 

439 

465 

1       XS 

257 

368 

306 

344 

4x3 

439 

465 

>       16 

257 

368 

306 

344 

4X3 

439 

465 

17 

257 

368 

306 

344 

4x3 

439 

465 

x8 

257 

368 

3o6 

344 

4x3 

439 

465 

X9 

257 

368 

306 

344 

4x3 

439 

46s 

» 

2S7 

368 

3o6 

344 

4x3 

439 

46s 

JT 

257 

368 

306 

344 

4x3 

439 

465 

22 

257 

366 

306 

344 

4x3 

439 

46s 

.      « 

257 
257 

368 
368 

306 
306 

344 

4x3 
1     413 

439 
430 

465 

2i 

343 
336 

465 

as 

257 

366 

301 

407 

433 

457 

sS 

2S2 

36l 

395 

329 

400 

434 

448 

37 

247 

3S6 

389 

3» 

393 

41S 

440 

1    « 

243 

2SX 

284 

3x6 

^ 

407 

431 

9 

238 

246 

278 

309 

399 

432 

JO 

233 

34X 

373 

3ta 

368 

390 

4X3 

31 

22S 

336 

366 

396 

360 

383 

404 

33 

224 

33X 

360 

389 

353 

373 

395 

1     33 

219 

336 

354 

282 

345 

36s 

386 

1      ^ 

214 

33X 

349 

376 

337 

357 

377 

S 

209 

3X6 

343 

369 

329 

348 

368 

ba^fqm 

19.80 

30.58 

33.53 

26.48 

31.80 

33.80 

35.80 

k.ta« 

625 

640 

69s 

750 

I3J4 

1459 

1586 

Ki««l!.*.*.' 

S.62 

5.58 

5.43 

5.33 

6.48 

6.57 

6.66 

49X 

504 

553 

597 

747 

789 

833 

Sin 

4.9B 

495 

4.84 

4.75 

4.8s 

4.83 

4.83 

¥fi^ 
^)tf  Baft.. 

80.2 

84.3 

93.1 

X03.3 

106.8 

XX3.6 

X20.4 

ki^  loMl-^alae*  above  the  heavy  line  are  for  ratios  of  l/r  not  over  60;  those 
rib*  the  h^vy  line  are  Cor  ratios  not  over  tao  l/r 


*Fflam  Pocket  Companion,  Carnegie  Steel  Company,  Pittsbargh,  Pa. 


S46 


Strength  of  Columns,  Posts  and  Struts  Qiap.  ] 


raUe  XXVII «  (Coatinu«4).    Saf«  Umdu  in  Units  ol  f  o«»  PoaiKs.C«r  i»-ll 

Chann^l-Colmnnfl 


1 


-12Hr.-— H 


"i  1 


ij±^ 


l=Tr 


^ 


1 


r«— -W- 


^ 


Allowable  fiber-ttfWB  in  pounds  per  aqnare  inch: 
13  ooo  for  lengths  of  6o  radii  or  under 
Reduced  for  lengths  between  6o  and  lao  radii,  bj 
Formula  (13). 

S  —  19  000  —  100  l/r 
Weights  do  not  include  rivet-beads  or  other  details 
For  values  for  l/r  above  lao,  see  notes  on  page  490 


» 

Two  15-in  channels,  two  i^-in  plates 

EfTectivv 
length,   . 

is 
H 

chan'ls, 
plates 

hannels, 

plates 

11 

So. 

it 

ll 

5  ' 

5.2 

=2.5 

ir 

ir 

It 

1? 

0  d 

xz 

491 

SI7 

528 

554  . 

580 

606 

632 

12 

49X 

517 

528 

554 

580 

606 

632 

13 

491 

SX7 

528 

554 

580 

606 

632 

X4 

491 

5X7 

528 

554 

580 

606 

63a 

*s 

491 

5x7 

528 

554 

580 

606 

632 

16 

491 

5x7 

528 

554 

580 

606 

63a 

17 

491 

5X7 

528 

554 

580 

606 

«3a 

x8 

491 

517 

528 

554 

580 

606 

63a 

X9 

491 

S17 

528 

554 

580 

606 

d3a 

20 

49X 

5X7 

526 

554 

580 

606 

«3a 

ax 

491 

5x7 

528 

554 

580 

606 

63s 

23 

491 

517 

528 

554 

580 

606 

633 

23 

491 
491 

5X7 

r  1 

528 

554 

580 

6o« 

«3S 

24 

S87 
517 

552 

578 
507 

604 
59a 

&i 

9S 

4a> 

i)7 

«r 

a6 

4p 

498 

507 

S3I 

5.'S5 

580 

«0! 

27 

464 

488 

497 

S20 

544 

569 

59: 

28 

4.54 

478 

486 

5X0 

533 

557 

5»l 

29 

445 

468 

476 

489 

522 

545 

56f 

30 

43S 

458 

466 

488 

5x1 

533 

SSI 

31 

426 

448 

456 

478 

499 

522 

54: 

3a 

4X6 

438 

446 

467 

488 

510 

ss 

33 

407 

428 

436 

456 

477 

498 

st\ 

34 

398 

418 

435 

446 

466 

487 

SBf 

35 

388 

408 

415 

435 

454 

475 

49< 

Area,  sq  in 

37.80 

39.80 

40.58 

42.58 

44.58 

46.5ft 

4^^ 

/i«i>  in* 

I7XS 

1847 

I  861 

X994 

2  129 

2267 

^4< 

n-i.»n 

6.74 

6.81 

6.77 

6.84 

6.91 

69» 

7.* 

I*-»,in* 

*2s 

917 

930 

973 

zox6 

X0S8 

X  > 

r»-t,in 

4.81 

4.80 

4.79 

4.78 

4.77 

4.77 

4- 

Weirirt. 
lb  per  lin  ft.. 

127.2 

134. 0 

138.0 

X44.8 

I5X.6 

158.4 

I6!l 

Safe  load-values  above  the  heavy  line  are  for  (atios  of  l/r  not 
below  the  heavy  line  are  for  ratios  not  over  xao  l/r 


6ottk 


*  From  Pocket  Companion,  Carnegie  Steel  Company,  Pittabwglk. 


Tables  of  Safe  Loads  for  Steel  CohiniDS 
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bhb  ZZVIE^  (CoatiBoad).    Site  lottd*  in  Hidti  «f  i  om  Booaift  tot  xS-Col 


r^ ± ax. 

■ 

1      I 

rV 

AUowabn  fiber-atreM  m  pouxida  per  eqtwre  inch: 

"f- 

X3  000  for  lengths  of  60  xadii  or  under 

.1 

Biednoed  for  lengths  beftwMn  60  and  xio  fadii.  by 

Formula  (13). 

1 

5-19  000  —  100  l/r 

j-A 

• 

u 

Wetgfate  do  not  mchade  rivet-heada  or  other  details 

1 

For  values  for  l/r  above  ia<L  aae  notea  on  pa  am  400 

rs^3t — T^ 

■— -Ift- -»: 

BSeutive 

Two  iv!n  channels,  two  l6-in  plates 

-31 

it 

•8? 

1= 

• 

•P  13 

is 

o.i: 

0  a 

"  c 

0.- 

0.2 

"•T 

U3  • 

as 
4- 

'O.i 

ja-ji 

•°>5 

:9^ 

^i 

I? 

IT 

r 

4« 

4" 

iS 

IZ 

644 

070 

696 

722 

748 

774 

786 

IJ 

644 

670 

696 

722 

748 

774 

786 

13 

644 

070 

696 

722 

748 

774 

786 

14 

644 

070 

696 

722 

748 

774 

786 

IS 

644 

070 

696 

722 

748 

774 

786 

1$ 

644 

670 

696 

722 

748 

774 

786 

17 

644 

070 

696 

722 

748 

774 

786 

IS 

644 

670 

696 

722 

748 

774 

786 

x» 

644 

670 

696 

722 

748 

774 

786 

ao 

644 

670 

696 

722 

748 

774 

786 

21 

644 

670 

696 

722 

748 

774 

786 

a 

644 

670 

696 

732 

748 

774 

786 

24 

644 

670 

696 

722 

748 

774 

786 

639 

^ 

<9o 

715 

74X 

767 

777 

as 

627 

651 

677 

701 

727 

752 

761 

aS 

614 

638 

663 

687 

712 

737 

746 

37 

60a 

625 

649 
636 

673 

721 

730 

aS 

589 

6x2 

6S9 

683 

7<J6 

715 

a» 

S77 

599 

622 

64.5 

668 

676 

699 

39 

564 

586    . 

609 

631 

653 

684 

31 

551 

573 

595 

6x6 

639 

6di 

668 

3> 

539 

560 

58i 

6o2 

624 

646 

653 

33 

526 

547 

568 

588 

609 

630 

& 

3« 

514 

534 

554 

574 

595 

6X5 

622 

3S 

SOI 

Sao 

541             560 

S80 

600 

606 

An.iqia        4952 

Sip 

5353 

5553 

57.52 

59.52 

60.48 

J^in« 1       2332 

2461 

26« 

2746 

2891 

3039 

2946 

CtB« 

6.8s 

6.9X 

6.97 

7.03 

7.C9 

7.15 

6.98 

z  106 

1 149 

1 19a 

X234 

1277 

1320 

1322 

i^in 

4.73 

4.72 

4.7» 

4.71 

4.7X 

4.71 

4.68 

ftfv^'ft^ 

Z6B.4 

i7S.a 

182.0 

X88.8 

19s  6 

202.4 

205.6 

^flMeload-^mltKaftfao^ 

ro  the  heavy  Una  are  for  ratios  of  i/r  not  over  60;  those 

■inr  the  heavy  line  art 

e  for  ratioa  not  over  120  l/r 

•rmm  locket  Connaaion.  Camagie  Steel  Company.  FUUbifisb,  Pa. 
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Strength  of  Columns,  Posts  and  Struts 


Chap. 


ttMm  XZ^m*-  (Coatinaed).    StH  Loads  Hi  IMits  of  i  ooo  Pooadt  for  xs-ta 


!*i««-;-,--H 


f-^ 


Allowable  fiber-atrew  in  pounds  per  aqnare  inch; 
13  ooo  for  lengths  of  60  radii  or  under 
Reduced  for  lengtha  between  60  and  120  radii,  by 
Formula  (X3)« 

5  —  19  000  —  100  l/r 
Weighti  do  not  indude  rivet-heads  or  other  details 


'/'2 


-^    For  values  for  l/r  above  lao.  see  notes  on  page  490 


■^ 


Effective 

length, 

ft 


XI 
13 

13 
14 
15 

16 

17 
18 

19 
ao 

21 
aa 
23 
24 

25 

a6 

27 
26 

29 
30 

31 
32 
33 
34 
35 


Area,  sqin 


/i-i.  in*, 
ri-,.  in. 
/m,  in*. 
r^-t.  in. 


Weight. 
lb  per  lin  ft.. 


812 
812 
812 
812 
812 

8X2 
8X2 

812 

8X2 

8X2 

8X2 

812 

8X2 


786 

770 
754 
738 
72a 
705 

689 
673 
657 
641 
625 


62.48 


3094 
7.04 

1365 
4.67 


Two  x5-in  channels,  two  x6-in  plates 


£-5 


838 
838 
838 
838 
838 

838 
838 
838 
838 
838 

838 
838 
838 

8x1 

794 
778 
761 

745 
728 

71X 
695 
678 

66a 
645 


864 
864 
864 
864 
864 

864 
864 
864 
864 
864 

864 
864 
864 


•S5 
§1 


■So 
836 

819 
802 

785 
768 

75X 

7ro 

699 

€82 

665 


890 
890 
890 
890 
890 

890 
890 
890 

2S 
890 

890 
890 
890 

861 

844 
826 
806 

79X 
773 

756 
738 
720 
703 
685 


9> 

S-i. 


9x6 
916 
916 
916 
916 

9x6 
916 
9x6 
916 
9x6 

916 
916 
9x6 


868 
850 
832 
8x4 
796 

Z2 
760 

741 

723 

705 


2x2.4 


942 
942 
942 
942 
942 

942 
942 
942 
942 
942 

942 
942 
942 


930 
9x2 

8»3 
874 
856 

837 
818 

800 
781 
763 
744 
725 


64.48 

66.48 

68.48 

70.48 

72.48 

3244 
7.09 
1406 

4.67 

3396 
7.15 
1450 

4.67 

3550 

7.20 

3707 
7.25 
1536 

4.67 

386s 

7.30 

X578 

4.67 

2x9.2 

226.0 

232.8 

239.6 

246.4 

II 


968 

966 
96fl 

I 

IS 

96i 
90i 


931 
91C 

hsft 
84] 


7«4 
745 


74-4 

40a 

7.3 

Ida 

4.< 


Safe  load-values  atrove  the  hea^  line  are  for  rattoa  of  l/r  not  over  60;  tlic 
below  the  heavy  line  are  for  ratios  not  over  X30  l/r 


*  Prom  Pocket  Compaaion.  Camesie  Stsiel  Company,  PHtaboisli,  Pa. 
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iMiZZVD 

:•  (CoatiMed). 

Safe  Leeds  in  Thdto  of  t<w»  PMSids  toi 

iS-bd 

CIUttft«l-C«ltiaaM 

h*^*^*— H 

,A      ? ^ 

'         Allowable  fiber-streat  in  pounds  per  square 

'■^ 

( 

r 

inch 

13  000  for  lengths  of  60  radii  or  under 

L  1 

X 

Reduced  for  lengths  between 

60  and 

X20  radii,  by 

9  — 

Formula  (13). 

1 

5  -  19000  - 

100  l/r 

-^ 

, 

u 

Weights  do  not  include  rivet-heads  or  other  detail* 

1 

For  values  for  l/r  above  xao.  see  notes  on  page  4 

90 

■!:»?>-Xj 

EffcctxTv 

Two  15-ln  channeb,  two  i8-in  plates 

chan'ls. 
plates 

chanls. 
plates 

chan'U, 
plates 

b  chanls. 
plates 

• 

9*5. 

channels, 
in  plates 

It 

^  ^ 

-o  c 

•^  c 

^  c 

<^  a 

0  a 

■ 

6rf 

9 

.o"T 

XI 

433 

462 

491 

521 

550 

560 

589 

6x9 

u 

433 

462 

491 

521 

550 

S6o 

589 

6x9 

13 

433 

462 

491 

521 

550 

560 

589 

619 

14 

433 

462 

491 

521 

550 

^ 

589 

619 

15 

433 

46a. 

491 

S2I 

550 

s6o 

589 

619 

l6 

433 

462 

491 

521 

550 

560 

589 

6x9 

17 

433 

462 

491 

521 

550 

s6o 

589 

6x9 

IS 

433 

462 

491 

521 

550 

s6o 

589 

6x9 

19 

433 

462 

491 

521 

550 

560 

^ 

619 

JO 

433 

46a 

491 

521 

550 

560 

589 

6x9 

n 

433 

462 

491 

521 

550 

560 

^ 

619 

» 

433 

462 

491 

521 

550 

560 

589 

6x9 

n 

433 

462 

491 

521 

5SO 

560 

589 

619 

u 

433 

462 

491 

521 

550 

560 

589 

619 

JS 

433 

462 

491 

521 

550 

S6o 

589 

619 

jS 

433 

462 

491 

521 

550 

560 

589 

6x9 

aj 

433 
433 

462 
462 

491 
491 

521 

550 

s6o 

589 

619 

as 

520 
512 

549 
539 

55^ 
549 

5W 

577 

(5x5 

9 

4^8 

456 

^ 

60s 

30 

421 

449 

476 

503 

530 

540 

567 

594 

P 

414 

441 

468 

^^ 

521 

S30 

557 

584 

3t 

407 

433 

459 

486 

512 

521 

547 

574 

33 

400 

426 

451 

477 

503 

512 

537 

563 

34 

393 

418 

443 

469 

494 

S02 

527 

553 

3S 

386 

411 

435 

460 

48s 

493 

518 

543 

AsB,»qis 

3330 

3S  S5 

37.80 

40.0s 

42.30 

4308 

45.33 

47. 5« 

A-v  in* 

I  423 

1564 

1707 

I  852 

1999 

3  014 

2  164 

23x6 

>t.ta 

iwriit* 

6.S4 

6.63 

6.72 

6.80 

6.87 

6.84 

6.91 

6.98 

1069 

I  130 

I  190 

I  251 

I  312 

1332 

1393 

1453 

•i-^ui 

S.67 

S.64 

5. 61 

5-59 

S..S7 

556 

5. 54 

5. S3 

_Wnslit, 

bfffUnft..     IXI.9  1 

119. 6       127.2 

134.9      142. s 

146.  s 

154.2 

161. 8 

Safe  load-valoes  above  the  heavy  line  are  for  ratios  of  l/r  not  over  60;  those 
-^ —  the  hMivy  line  are*for  ratios  not  over  xao  l/r 


•  fnm  Pocket  Cempanion,  Carnegie  Steel  Company.  Pittaburgh,  Pft. 
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CdIuhuu,  Potts  and  Struts 


Two  i*Jo  thaiUMlm  two  rt-io  plata 

^i" 

w 

It 

1! 

II 

J! 

i 

11 

1^ 

1* 

■ir 

|A 

4? 

fs 

ti 

!^ 

„ 

M 

6se 

TIS 

74S 

774 

« 

S 

s; 

s 

Vd 

'« 

m 

l£? 

s 

«77 

i6 

a 

s 

«w> 

™ 

"{ 

?S 

^ 

&a 

«TT 

36 

«u 

TIS 

7« 

774 

»03 

«6o 

«« 

^ 

lE 

71 

31 

w 

tor 

J.S 

lis 

g 

^ 

5 

££ 

S6J 

634 

«4S 

T 

AR«.>qm 

49.to 

M.ee 

W.TT 

5S  in 

S7.»T 

J9Sa 

ei.TT 

U. 

« 

S4S 

ifD.S 

■  BT.I 

*  ftgn  Poclut  Can^nnioB.  Cmmie  St«l  Comiiuv.  Pitttburfb,  P>. 
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i).    Slid  Lm4«  iA  JttJm  of  X  «oo  Poondi  Idf  ts-fai 


.  .A       !* — A, 

AtltftlMM 

ft.1^    AU..^  . 

^.i^.-.^^   . 

^  >..>t> . 

-u 

n 

1 

^ 

X3  000  for  lenfftha  of  60  radii  or  under 
Radnoed  for  length*  betwaea  60  and  lao  radii,  by 
Pomrala  (ij). 

< 

1 

u 

5  «  19000  -'  100  l/r 
Waighta  do  not  inchide  rxvet^headi  or  other  detaili 
For  valian  for  l/r  afaova  tao.  tee  ni»tes  on  page  490 

]v:„.i«.-ti 

T«ro  xs>in  cfaaimde.  two  i&in  plates 

ft 

45 

ll 

• 

II 

• 

9" 

• 

J6  CO 

II 
4^ 

It 

n 
u 
13 
14 
15 

s6 

n 

sS 

19 

ao 

IX 
33 
23 

a6 

841 
841 
841 
841 

841 

841 
841 
841 
841 
841 

841 
841 
841 
841 
841 

84X 
841 

871 
871 

87X 
871 
87X 

871 

87X 
871 
871 

871 
871 
871 
871 
871 

871 

871 

900 
900 
900 
900 
900 

900 
900 
900 
900 
900 

900 
900 
900 

900 
900 

900 
900 

939 
939 
929 
939 
939 

929 
929 
929 
929 
939 

939 
939 

939 
939 
939 

939 
929 

958 

9S8 
958 
958 
958 

958 
958 
958 

«2 

^2 

^2 
958 

958 
958 

9S8 

988 
988 
988 

988 

988 
988 
968 
988 
988 

988 
968 

988 
988 

988 

10x7 
1017 
10x7 
10x7 
10x7 

10x7 
10x7 
10x7 
10X7 
10X7 

10x7 
10x7 
10x7 
10x7 
1017 

10x7 

«7 

9*7 
9T0 

919 

^s 

868 
852 

1015 

as 
a9 
»> 

P 

34 

35 

889 
814 
800 

786 

771 
757 
743 
738 

857 
843 
8aB 

8x3 

% 

768 
754 

Us 
870 
855 

839 

8a4 
809 

793 
778 

913 

866 

8S0 
834 
818 
802 

942 
926 

909 

893 

UL 

844 
827 

963 
876 

Aaei,sqin 

«4.73 

66.96 

69.23 

71.48 

73.73 

75.98 

78.23 

/«.»» ' 

>4.  in 

ilia* 

\*va 

3x21 

7.0s 
1903 
5.4a 

3387 

'J' 
1964 

S.42 

3556 
7.17 

2oas 
5.41 

3737 
7.22 

2086 
5. 40 

3900 

7.27 

a  X46 

5.40 

4076 

7.32 

2207 

5  39 

4355 

7.37 

2268 

5.38 

.S«^h- 

»O.I 

2*7.7 

235. 4 

243.0 

250.0 

a.-^S.s 

266.0 

8rfe  iMd^^values  abo^ 
Mow  the  heavy  line  ar 

n  the  heavy  Une  are  (or  ratios  of  l/r  not  over  60;  those 
a  for  ratios  not  ow  xao  l/r 

'From  Pockat  Compsi^onf  Camegie  Steel  Compaay,  Pittsborgh,  Ps. 
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'aM«  XXVn*  (C«iitfaHMd).    aBl«  L<Mdt  in  Uaiti  of  i  ooo 

ClMnn<ri-Colntniii 


£ 


1^ 


// 


^ 


)«. 


I 
I 

J.. 


^ 


r 


«-u^ 


^ 


U, 


|^-»^!?--%i 


Allowable  fiber-stress  in  pounds  per  sqtiare  tai 
13  000  for  lenifths  of  60  radii  or  under  J 

Reduced  for  lengths  between  60  and  120  radii,  I 
Formula  (13),  | 

5-19  000  —  xoo  l/r 
Weifl^ts  do  not  include  rivet-heads  or  other  details 
For  Talues  for  l/r  above  i  so.  see  notes  on  page  490   , 


Two  xsnin  channels,  two  i8-in  plates 

Effective 
lei^h. 

channels, 
in  plates 

channels, 
■in  plates 

channels, 
in  plates 

channels, 
i-in  plates 

channels, 
in  plates 

channels, 
in  plates 

4- 

4- 

5* 
4" 

1' 

II 

1046 

1075 

X  105 

1 134 

X  163 

X  222 

12I 

u 

1 046 

X075 

X  105 

X  134 

I X63 

X  222 

xfli 

13 

1 046 

1075 

I X05 

XX34 

X  163 

X  222 

X2B 

14 

1 046 

1075 

X  X05 

X  134 

1 163 

I  222 

x4 

15 

1046 

1075 

X  los 

1x34 

1 163 

I  222 

121 

16 

1046 

X075 

X  IDS 

1x34 

X  163 

X  232 

X2B 

17 

1 046 

1075 

X  X05 

X  134 

1 163 

I  222 

Id 

18 

1 046 

X075 

X 105 

1 134 

X  163 

I  222 

138 

19 

1046 

1075 

I  XO5 

1 134 

1 163 

I  222 

128 

ao 

1 046 

1075 

X  X05 

1x34 

1 163 

X  222 

120 

SI 

1046 

X075 

X  XQS 

XX34 

X  163 

1222 

128 

22 

1046 

X075 

X  X05 

X134 

1 163 

X  222 

128 

23 

1 046 

1075 

X  los 

X134 

I X63 

X  222 

128 

24 

X  046 

1075 

X  105 

X  134 

I X63 

I  222 

Ifll 

as 

X046 

1075 

I  X05 

1134 

X  163 

I  222 

lae 

26 

X  046 

X075 

X  105 

X  X34 

X 163 

1222 

128 

27 

IQ44 

X073 

I  102 

1x31 

1159 

X  2X6 

I2J 

28 

X  os6 

X0S4 

I  083 

I  112 

1 139 

I  195 

125 

39 

X  009 

1  036 

I  064 

I  092 

X  X19 

I  174 

123 

30 

991 

I  017 

1045 

1073 

1099 

1X53 

I2C 

31 

973 

999 

X  026 

1053 

1079 

X  132 

III 

33 

955 

980 

XOO7 

1034 

ros9 

X  XII 

ixC 

33 

937 

962 

988 

I  014 

XQ39 

X090 

X14 

34 

919 

943 

969 

995 

X0X9 

X  o6q 

X048 

I  la 

35 

901 

925 

950 

975 

999 

los 

/Vrea.  sq  in 

80.48 

82.73 

84.98 

87.23 

89.48 

93.98 

98.. 

Ti-i,  in* 

4436 

4619 

48QS 

4994 

518s 

5  575 

59; 

^-i.in 

7.42 

7.47 

7.52 

7.57 

7.61 

7.70 

7.1 

Ti-t,  in* 

2329 

2389 

2450 

251X 

2572 

2693 

a& 

'M.  in 

5.38 

5.37 

5. 37 

5  37 

5.36 

5-35 

s.; 

Weieht. 
bperlin  ft.. 

273.6 

281. 3 

288.9 

296.6 

304.2 

319.5 

3M 

Safe  load-values  above  the  heavy  line  are  for  ratios  of  l/r  not  over  60;  tin 
Delow  the  heavy  line  are  for  ratios  not  over  xao  l/r 


*  From  Pocket  Companion,  Carnegie  Steel  Company,  Pittsburgh,  Pm. 
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ts-ia  cbanntlt 

Two  ij-ln.  45-lb  -*"■—"'■ 

•sp 

*|i 

ftfc 

s4i 

II 

t'^ 

li 

!«"■• 

w 

tf 

Jiv 

P§ 

1340 

14C« 

<4BS 

IS4T 

1 612 

ISTT 

174J 

'i¥> 

i4°e 

1485 

i&n 

140B 

I  485 

i6n 

I  J40 

T4CA 

I4B5 

1«T7 

1340 

I*« 

■  4% 

1*77 

1743 

1340 

14CS 

■  4** 

1S47 

ifill 

1677 

1743 

I40S 

I4S5 

1677 

IJ40 

HO* 

1485 

I6IJ 

l077 

1743 

1409 

1485 

16I> 

i&n 

I140 

I4(M 

■  485 

IH7 

I  611 

1677 

1741 

141« 

148! 

11577 

1340 

i4ce 

i« 

Iht 

li 

1677 
■  677 

;jjj 

1485 

I«T7 

T340 

I4C« 

1485 

1611 

■  «77 

1743 

IMD 

I4C« 

.485 

1S4T 

i«>] 

1677 

1743 

1307 

;g 

"  174a 

.*4 
iiCi 

1344 

13» 

14U 

138T 

1m7 

JsJJ 

1677 

'T*" 

ifc? 

li79 

TnT^ 

1338 

ins 

I3«I 
133! 

iS 

1581 

1644 

IW8 

Tt8l 

a 

ii 

1146 

ii 

Jm 

is 

Ig 

1     ^ 

II4S 

1I?T 

HJ4 

1481 

1S40 

iteo 

^«u 

103- cB 

ioe.31 

1U.13 

i:8,S8 

113.98 

138.98 

133.9* 

3 

6  331 

77«9 

.'3 

4407 

5.33 

_i,9*_ 

S.9S 

' 

3SOS 

3«.4 

». 

404.5 

4211 

438! 

l-valoa  a,hovt  the  hiavy  Hoe  lU*  for  ratio*  of  Ifr  oM  ant  te;  1 
«  Pocket  CanpaakiB.  Cunach  Steel  Cantiuj',  Piuibiufh.  P*. 
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ClUf). 

•  t«ri»4 


^        Allowable  GbeT-iimi  in  poundi  p«  »quan  iad 

*      13  «w  foe  longthi  of  60  radii  or  under 

Reduced  for  lengths  between  60  and   iio  nwlli.  b 

S  -  19000  -  loof/r 
Weights  do  Bot  iodude  hvei-haad)  or  other  dMaik 
\    For  values  for  //r  above  1 30.  le*  nola  oD  pace  49« 
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% 
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„ 
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igji 

»o67 

J 133 

IM7 

lOOl 
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.807 

187* 

1067 

I9I7 

rf 

ISOT 

I871 

■  037 

1001 

jo«T 

iin 

>9 

ja 

I»I 
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;% 

!<« 

M 

"m 

;^ 

ii 

1989 

;s 

!iS 

as 

.6sa 
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I«3S 

I9S> 

Area,  aq  In 

138.98 

U3.B8 

itf.sa 

IU.98 

158.98 
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'a}^<::.\ 

7w 

7.J9 

8.0J 

,.1L"£V 

»T>-S 
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*c6.i 

«»s 

«o.s 
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kd-valuffl  above  the  h< 
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I  CHAPTER  XV 

RiDfGTH    OF   BEAMS  AND  BEAM   GIBDEBS.    FBAM- 
IXG  AND  GONNBCmG  SNUL  BEAMS 

By 
CHARLES  P.  WARREN 

Un  ASSISTANT  PftOlESSOR  OV  ARCHXTECTURE^   C0LX71IBXA  TTlflVZRSITY 

1.   G«fl«r«]  PrindpiM  of  tlie  Fleziire  of  Beemi 

Maitioiis.  A  structural  member  placed  in  a  generally  horizontal  position 
||tt  two  or  more  supports  or  projecting  (rom  some  other  construction  b  called 
A  GOtOER  is  a  beam  carrying  'unaller  or  secondary  beams.  A  canti- 
BEAM  is  a  beam  supported  at  the  middle,  or  having  one  end  fixed,  as  in  a 
and  the  other  end  free;  or  it  is  the  part  of  a  beam  which  overhangs,  or 
beyond  a  support.  A  sufPLE  beam  b  one  which  rests  upon  two  sup- 
one  at  each  end.  A  continuous  beam  rests  upon  more  than  two  supports. 
pR  dittuice  between  the  supports  of  a  simple  beam,  or,  when  so  specially  desig- 
from  center  to  center  of  the  bearings,  is  the  span.  It  is  usually  designated 
The  UmuIs  on  beams  are  either  uniformly  distributed  or  concen- 
A  milforraly  distributed  or  uniform  load  includes  the  weight  of  the 
itself  and  any  load  spread  evenly  over  it,  such  as  the  weight  of  a  wall. 
knds  are  estimated  by  their  intensity  per  unit  of  length  of  the  beam, 
pmads  per  fincar  foot.  A  uniform  load  per  Hnear  foot  is  represented  by  v, 
N  the  tncal  ooiform  load  by  wf  or  IF.  A  concentrated  load  is  a  single  applied 
Mlht,  sodi  as  a  oohimn  and  its  load,  or  the  load  from  another  beam,  and  is 
bipatcdbyP. 

ftruiei  and  Deformatioiis.    A  load  on  a  simple  beam  causes  the  fibers  to 
nd  or  deflect,  and  eventuaUy  to  break  across,  or  in  othir  words,  a  load  induces 
or  nJEXURAL  STRESSES  tn  the  fibers.    Since  it  is  impossible  to  bend 
a  simple  beam  without  causing  a  shortening  o£  the  fibers  on  the  Hpper 
e  and  an  elongation  of  the  fibers  on  the  lower  or  convex  side,  a 
on  a  beam  causes  compression  in  the  upper  fibers  and  tension  in  the 
fibers^  while  between  the  two  there  is  a  neutral  layer  or  surface  of  fibers 
is  Tmrhangprf  in  length  and  which  is  called  the  neutral  surface  of  the 
In  a  cantilever  beam  the  reverse  is  the  case,  the  upper  fibers  being 
and  the  lower  ones  in  compression. 

DctarmiBad  hy  Bzpedment*  Ffom  experiments  it  has  been  found 
the  aoKnuit  of  elongatbn  or  shortening  of  any  fiber  is  directly  proper- 

to  its  <fatance  from  the  neutral  surface  of  a  bttm;  hence,  if  the  elastic 
voot  cBceeded,  tlie  stresses,  abo^  ace  proportional  to  their  distances  from 
eetal  snrface.    The  trace  of  the  aeutral  surface  on  a  cioss^section  of  a 

a  called  the  KBtmtAL  axis  ol  the  crossHwction.  Within  the  elastic 
of  a  wf frill  the  nevtcal  surface  paaKs  through  the  CBfTRRS  or  gravity 

"WW  lections  of  a  beam  for  all  materiab. 

HeifiBhi  aiBd  Redaliac  Momonta.*    To  determine  the  stiength 
to  leaitt  the  effects  of  any  load  or  series  of  loads,  two  things  must 

*  See,  also,  Chapter  DC,  pages  334  to  531. 
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be  determined:  first,  the  moment  or  moments  of  the  external  destructive  U 
or  forces  tending  to  bend  and  break  the  beam,  which  is  called  the  iaaxii 
BENDING  moment;  and,  secondly,  the  moments  of  the  combined  resistance 
all  the  fibers  in  the  dangerous  section  of  the  beam  to  being  broken,  wh 
in  their  summation,  are  called  the  moment  of  resistance  or  the  resisi 
moment. 

The  Methods  of  Fiading  the  Bonding  M ottontt  for  any  k>ad  or  oc 
of  loads  are  explained  in  Chapter  IX.  The  moment  of  resistance  is  equa 
the  SECTION-MODULUS  or  section-factor,  denoted  by  I/c,  multiplied  by 
unit  stress  on  the  outermost  fiber  of  the  material,  denoted  by  S,  and  it  eq 
the  bending  moment. 
Hence  M  -  Sl/c 

This  is  known  as  the  FLEXUite-fORMULA  and  it  is  the  fundamental  formula 
designing  beams.  Formulas  for  finding  the  section-moduli  of  common  shi 
are  given  in  Chapter  X,  and  the  values  of  I/c  or  the  section-moduli  of 
standard  rolled  shapes,  are  given  in  the  tables  in  the  same  chapter. 

the  Coefficient  of  Strength,*  sometimes  given  in  tables  of  steel  beam 
the  maximum  distributed  load  that  a  beam  of  one  foot  span  would  sup 
without  producing  a  fiber-stress  exceeding  the  safe  limit,  generally   z6  oo 
per  sq  in.    As  the  strength  of  a  beam  varies  inversely  as  its  span,  the  safe 
for  any  span  may  be  obtained  by  dividing  this  coefficient  by  the  span  in  fee 

Factors  of  Safety.  In  order  that  a  beam  shall  just  be  able  to  carry  at 
and  not^break,  that  condition  of  equilibrium  must  exist,  in  which  the  n 
mum  bending  moment  in  the  beam  is  equal  to  the  section-modulus  multij 
by  the  ultimate  strength  of  the  materiaL  In  order  that  a  beam  ma.;] 
abundantly  safe  to  carry  a  given  load,  the  product  of  the  section-moduln 
the  ultimate  strength  of  the  material  must  be  several  times  greater  than 
maximum  bending  moment;  and  the  ratio  which  this  product  bears  to 
maximum  bending  moment,  or  which  the  breajung-loaj>  bears  to  the  i 
u>ad,  is  known  as  the  factor  of  safety,  that  is, 

„  ,     .  ultimate  strength 

Factor  of  safety r: =— 

working  stnss 

Ultinuite  Strengths  and  Safe  FIber-Strottet.  By  the  strength  or 
material  is  meant  a  certain  constant  quantity  which  is  determined  by  eH 
ment,  and  which  is  known  as  the  ultimate  breaking  strength. 
value  is  of  coinrse  di£ferent  for  each  material.  Table  I  gives  the  values  oi 
constant  divided  by  the  factor  of  safety,  or  in  other  words,  the  worki?vg  sn 
for  most  of  the  materials  used  in  building-construction.  The  section-na 
multiplied  by  these  values  will  give  the  safe  resisting  moments  for  the  be 
The  values  of  5  in  Table  I  for  steel  are  about  one-fourth  those  of  the  breal 
loads;  iot  cast  iron,  about  one-sixth;  for  average  specimens  of  wood,  oiifr«9 
and  for  stone  and  concrete,  one-tenth.  The  safe  oompresstve  streni^h  of 
iron  for  the  compression-side  of  beams  is  i6  ooo  lb  per  sq  in,  in  the  New ' 
Building  Code.  This  is  considered  too  high  by  some  engineers  and  the  ni 
recommends  xo  ooo  lb  per  sq  in.  This  value  has  been  used  in  calculatii^ 
safe  loads  for  cast-iron  columns.  (See  Chapter  XIV,  page  461.)  The 
loads  for  the  stod  shapes  given  in  the  tables  in  this  chapter  are  att  oocni 

*  The  values  for  coefficients  of  strength  have  been  omitted  from  noost  of  the  t 
folk>wing  the  poBey  of  oomt'  of  the.kCest  haadbookt,  as  the  Mfe  loads  fot  hmmm 
example,  can  be  as  readfly  detcamined  fiom  the  data  of  the  tablca  dicecUy.  «a  | 
process  of  dividing  such  coefficients  by  the  spans.  See,  however,  pages  586  to  59 
623  to  628. 
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kAe  vajne  of  16000  lb  per  sq  in  for  5,  but  these  full  loads  sbouM  be  used 
Bautioo,  and  reduced  when  necessary  to  satisfy  any  unusual  conditions, 
v  liveted  steel  girders  14  000  lb  per  sq  in  was  the  value  formerly  ghren  to  5, 
|t  the  osual  value  now  is  16  000  lb  per  sq  in. 

}         Table  L     Safe  Unit  Ffber-Straaaes*  S,  for  Flexure  of  Beams  * 

b  to  be  noted  that  these  are  avenxe  values,  especially  those  for  wood.  For  aHowaUe 
f         higlier  streaies  for  timber,  see  also,  notes  on  pages  628,  637  and  647. 


Materials 

Wood  unseasoned  f 


inm,  tension-side 

xnxu  compression-side 
(rolled 


Values  of 
5. 

lb  per  sq  in 


iron 


iroUed  beams) 

i  (liveted  girders)  both 

Cittns,    rivets    and 


rdlow  ^ne. 


y  ptiie. 


3000 
16000 

13  000 
16000 

16000 

34000 
700 
800 
800 

xooo 

900 
600 

z  aoo 

I  200 

800 


Materials 
Wood  unseasoned  f 


Redwood,  California 

Short-leaf  yellow  pine 

Spruce 

White  oak 

White  pine 

Bluestone  flagging  (North 

River) 

Brick  (common) 

Brickwork  (in  cement).... 

Granite  (average) 

Limestone  (average) 

Marble  (average) 

Sandstone  (average) 

Slate  (aver«ga) 

Concrete  (Portland)  1:2:4 
Coacrete  (Portland)  1:2:5 
Concrete  (natural)  x  :a:4.  ■ . 
Concrete  (natural)  1:2:5.. . 


Values  of 

5. 

lb  per  sq  in 


750 
1000 

700 
I  aoo 

700 

305 
SO 
30 

180 

145 
125 
110 

400 

30 
20 
x6 

10 


era  onopuiaoa  of  values  given  in  different  bailding  laws  see  Table  XVII,  page  648, 
ma  XVI.    Compare,  also,  with  Table  XVI,  page  647.  Chapter  XVI.    For  ultimate 
IBS  far  woods,  see  Tables  XVIII  and  XIX,  pages  650  and  651,  Chapter  XVI.    For 
[hails  for  unit  beams,  see  Tables  II  and  III,  page  6a8.  Chapter  XVI. 
[Mdd  from  50  to  40%  for  seasoned,  protected  timber^  used  without  impect. 

XJosyinmetrically  Loaded  or  of  Irregular  Cross-Section.    There 

kndings  and  cross-sections  of  beams  that  occur  most  frequently  in 

nstniction,  and  for  which,  tables  have  been  worked  out  that  give  the 

directly;  but  for  a  beam  imsymmetrically  loaded,  or  for  a  beam  of 

crosa-^ection,  it  is  impossible  to  compute  tables  for  strength,  as  in  each 

values  must  be  computed  by  determining^  either  the  section^modulus, 

to  resist  the  maxunum  bending  moment,  or  the  maximum  bend- 

t  that  may  be  allowed  for  a  given  value  of  the  section-modulus. 

Pormiilas  for  the  Flexure  of  Beams.*     The  general  formula  for 
in  a  state  of  flexure  under  any  s>'stem  of  loading  is 

um  bending  moment  in  inch-pounds  "  section-modulus  X  5         (2) 


M^  -  SI/c 


Section-modulus 


maxfattum  beodhig  moment  in  in-R> 


J/c  -  Mm^/S 
*  See,  also.  Chapters  IX.  X  and  XVI. 


(2)' 

(3) 
(3)' 
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If  the  beodiag  mwoent  is  computed  ia  root-POcniDs,  these  foimulaa  beat 

\r     ■  k™j-  gectlon-modulus  X  S 


X  maiiwum  banding  momoit 


By  subsliEuting  tor  the  beading  moments  thdr  values  in  tenns  of  the  la 


3.  Famnlu  for  Safe  Loada  for  Beama  for  Diffarent  CondlUeaa 
of  Loading  and  Support 

/A- the  section-modulus; 
5  —  the  sale  unit  Sbet-atreaa  uk  pounds  per  square  inch; 
If  -  the  total  uniform  load  in  pounds; 
P  -  the  coacentrated  load  in  pounds; 
t  -  the  span  in  feet. 
Values  of  I/c  for  the  various  shapes  and  size*  of  structutal-steel  shapes 
^ven  in  the  uibles  of  Chapter  X. 

Case  I 
Beam  Hied  at  One  End  and  Loaded  with  a  Cmcntrated  Load  P,  Ktmr  tlie  I 

End  IKg.  1). 
From  Formula  (4)'i 

From  Case  I,  Chapter  IX, 

PI- SI/ It c 

and  the  safe  load  in  pounds  is 

P-Sl!iid 
Is 

12P//5 

TTrmff-  I.  A  steel  T  bar  it  fixed  at  one  end  in  a  brick  waU.  and  load) 
tbe  other  end  with  6oo  lb.  the  distann  /  bein£  4  ft.  What  is  the  size  of  tlM 
required  to  support  the  load  with  saiely?  (In  all  eiamples  the  weigfats  ol 
beams  are  neglected,  unless  paiticuiarly  mentioned.) 


The  neil  step  Is  to  ascertatn  what  T  bar  has  a  section-modulus  equal  t< 
In  Table  XIV,  page  369.  the  nearest  section-modulus  to  this  Is  r.g,  corresi 
ing  to  a  3  by  4  by  ti-in  T  bar. 

For  an  I  beam,  by  Table  IV,  page  JSS.  JU  -  "'S,  the  same  as  toe  tlie  T 
and  calls  for  a  3-ia  S.j-lb  I  beam. 


Fumulu  for  Safe  hamii  for  Beam*,  etc. 
>  C«M  n 

)■■  KaS  at  Oo*  Bad  uid  Idadsd  wl 

t-n- 


^Casen.  ChMXerlX, 

Um^  -  Wl/l 

P« 

Wl/2-Sl/iat 

^  tic  nfc  load  in  pounds  is 

W  -  5//6d 


>  uniformly  disbibuted  load  of  ijo  lb  pn 

n  Formula  (7)', 

lT>t4e  IV,  pace  355,  tlie  nearest  sectioD-modulus  to  tikis  Is  1.9,  which  t» 
B^ol  1  3-in  ?.S-">  be*ni,  the  heaviest  ai  that  depth.  However,  as  the 
PfeK  4-iB  bcaia,  also,  weighs  7.5  lb  pel  ft  it  probably  would  be  selected  be- 
■*  ;i  its  greater  stidness,  although  its  section-modulus  is  3,  still  (reatef 


Caia  m 

la  aad  Lcadad  with  a  Concnitnt*!  Load  at  tha 
Ftotn  ForiDula  (4)' 

From  Case  IV.  Chapter  IX, 

J  M^  -  Ptl^ 

W-i'&       lid  tiK  safe  load  In  pounds  Is 

^^  P~SIIid       (8) 

Sh-P^B™.    I^.tM«dle<.Sp«.        -«>         ^^^_^^^^^        ^^j, 

la  f    What  ateet  t  beam  will  safely  support  b  concentrated  load  of 
pUed  at  the  middle  of  a  ij-[t  vpnal 

■.    P-^  "J  toDS'  1400a  lb.    Substituting  in  Formula  (8)', 
[4000X1S 


/A- 


-  -  J9-3 


D  to  TaUe  IV.  pace  355,  it 


n  ttuta 


I 'in  33-9b  beam  baa 
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a  section-modulus  of  37.8,  while  a  i2>in  40.8-Ib  beam,  the  next  larger 
has  a  section-modulus  of  44.8.    The  3S-lb  beam,  however,  would  imdoubt 
be  safe. 

Ca8«  IV 

Beam  Supported  at  Both  Bads  and  Loaded  with  a  Uaifonalj  Distrilmted 
(Fii.  4). 


Fig.  4.    Simple  Beam.    Distributed  Load  over  Entire  Spaa 
From  Formula  (4)' 


From  Case  V,  Chapter  TX, 

Hence 

and  the  safe  load  in  pounds  h 

and 


Mmui"  SI/ 12  C 

M^  -  Wl/S 
Wl/S^  SI/ 12  c 
W'lSI/scl 


I/C''3WI/2S 

Bxample  4.    What  steel  X  beam  will  safely  carry  a  uniformly  distribute 
of  I  033  lb  per  ft  over  a  spa.i  of  25  ft? 

Sol-Jtioa.     W  '^  w!>'  I  05^ X  as  =»  25  000  lb.    Sujstituti.is  in  Formnla 

3X  3JOOOX  25 


I/c 


2  X  16000 


58.6 


From  Tabic  IV,  page  354,  the  nearest  section-modulus  is  5S.9,  which  is  t 
a  15-in  42.9-lb  beam. 

Case  V 

Beam  Supported  at  Both  Bnds  and  Loaded  with  a  Dietribafd.  Load  Ov«r 
of  the  Span  (Fi(.  6).- 


Fig.  6.    Simple  Beam.    Distribated  .Load  over  Part  of  Span 

In  this  case  the  load  is  generally  given,  and  the  problem  is  to  detenn 
rise  of  the  required  beam.    This  can  be  done  accurately  only  by 


Fonnulas  for  Safe  Load*  foi  Beams,  etc  fifti 

exikUioed  for  Due  VIU.  Chapter  IX.  and 

the  vmlue  thusfounS  in  Fonnidas  (j)'  or  (j)'. 

M  S.     What  steel  I  beam  will  safely  cany  a  unifonnty  distributed  load 

lb  pec  ft  over  part  ol  the  qtan,  besinning  at  a  paint  s  ft  from  tbe  left 

and  eiteodias  ovei  a  distance  of  6  ft,  the  span  of  the  beam  beini  i8  ft? 

n.    The  fiist  step  is  to  &nd  the  point  ol  maximum  bendins  momeat, 

Kh  is  the  pirint  ol  no  shear.    Obriomly  tlie  maximum  shear  is  just  at  the 

t(  cf  tlK  reaction  nearest  the  load,  which  In  this  case  b  the  left  reaction. 

I  fad  the  left  reaction  (see  Chapter  IX,  page  jn)  the  center  of  momenti 

'Z9  It  the  ri^it  leactiim  and  the  equation  of  momcDts  Is  A  X  iS  It  — 

ibX  6  ft)  X  lo  ft  -  o.     i8  A  >  71  ooD  and  A  -  4  iXn  lb.    The  shear  just 

!  light  of  A  is  therefore  +1  ooo  lb  which,  if  the  woght  of  the  beam  itself 

.  cDosdeced,  remains  Dnchanged  for  every  sectioD  of  the  beam  between  the 

action  and  the  uniComily  distributed  load  of  1 100  lb  per  ft.     From  there 

[asing  to  the  right,  the  shear  a  diminished  at  the  rate  of  1  loo  lb  pel  ft; 

I  becomes  zero,  therefore,  at  a  point  4  ooo  1b/[  100  lb  per  ft—  3.3  ft  to 

tngUof  the  s-*t  point.     Hence  tbe  point  of  no  shear  and  consequently  the 

bending  moment  is  at  5  ft  +  3.3  ft,  or  S.3  ft,  from  the  left  end. 

_  -  4  ooo  tb  X  8^  ft- (i  100  lb  X  3.3  ft)  X  3.3/)  ft 

-  3j  aoo  ft-lb  —  6  534  ft-Ib  -  le  S66  ft-lb,  or  31S  993  in-Ib 

ramla  (s).!/'  -  3i9  99i  io-lb/i6  000  lb  per  sq  in  -  so.     From  Table 

'■PW  355.  tlw  nearest  seclioii-modulus  corre^xmding  to  this  is  30.3,  that 

-  -  is  is-lh  beam.     A  10-in  ij.4-lb  beam,  however,  being  stronger  and  stiffer, 

intiahly  be  used.    The  lo-in  >j.i4-lb  beam  is  what  is  termed  a  sup- 

(See  Case  VIU,  Chapter  IX,  and  pages  351  and  353.) 

IM   VI 


Fig.  <-    Siople  Beam.    Caacentrated  Load  at  any  Pofait 
D  Formula  (4}', 
■Cmc  VT.  Chapter  IX, 

Pmn/l-SI/iic 
fle  Bfe  load  in  pounds  is 


U 


l/c~iiFmm/lS 
Ibaaf  in  feet- 
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Bimipl*  6.  A  steel  Z  beam  so  ft  in  span  is  to  support  a  oonoentiated  lot 
24  000  lb  at  a  distance  of  6  ft  from  the  left  support.  What  must  be  thti 
and  weight  of  the  beam? 

Solntioa.  In  this  case  i' «  24  000  lb,  /  «  ao  f t,  M  ■■  6  f t»  n  —  14  ft  and 
16  000  lb  per  sq  in. 

Then  Fonnula  (10)'  gives 

I/c  -  — -— — »  75.6 

20X16000 

Table  IV,  page  354,  the  nearest  value  for  the  section-modulus  J/c  £cMi 
i-i  is  above  75.6,  or  fti.2  for  a  z5-in  60.8-lb  beam.  An  x8<-in  S5-lb  baam  hfl 
a  section-modulus  of  S8.4  would  be  used,  unless  conditions  fix  the  beadnr 
as  it  weighs  5  lb  per  ft  less,  and  being  deeper  is  consequently  atiffer. 


Casa  Vn 

Beam  Supported  at  Both  Ends  and  Loaded  ^maetricatly  with 
Concentrated  Loads  (Pig.  7). 


m-^U. 


<«t-  tn 


Fig.  7.    Simpl*  B«ui.    Equl  Coaoentatad  Load*  SynuaetiicaliT'  Plaowl 

• 

From  Formula  (4)'  and  Case  VII,  Chapter  IX,  each  of  the  safe  loads  in  pc 

and 

I/c  12  JPm/S  '        , 

Bzample  7.  A  12-in  steel  channel,  is  ft  in  span,  supports  half  the  loa 
two  lo-ln  beams  4  ft  from  each  end.  Each  beam  ia  d^^^g^H  to  carry  z6  01 
What  is  the  size  and  the  weight  of  the  channel  required? 

Solution.  The  channel  supports  only  one-half  the  load  on  each  beam-  I 
/*  -  8  000  lb,  m  -  4  ft,  5-16  000  lb  per  sq  In,  and  by  Formula  (i  i)', 

i2X8t)ooX4 

X6000        "'^'     . 


/A- 


which  is  the  section-modulus  of  a   12-in  25*U>  channel.    (See  T&ble 
page  359.)    Exact  table- value,  23.9. 

Weighti  of  Beame  in  Flexure-Formulat.    It  wfll  be  noticed  that  i 
mulas  (11)  and  (11)'  the  span  of  the  beam  is  not  taken  into  account,  and 
beam  itself  had  no  weight  there  would  be  no  diflFerence  in  the  fiber-st 
no  matter  how  far  apart  the  loads  P  were  placed.    In  reality,  however 
beams  have  considerable  weight,  and  to  be  absolutely  correct  an  exampl^ 
as  the  one  above  should  include  the  weight  of  the  beam,  which  would   oC  a 
be  a  uniformly  distributed  load.    The  maximum  bending  moment  of  the 
can  be  found  graphically  as  explained  on  page  329,  and  the  value  of  f/c 
puted  by  Formulas  (3)'  or  (5)'.    Where,  however,  the  loads  are  spaced 
tp  divide  the  beam  into  three  equal  parts,  as  in  the  last  example,  one-thj 
the  weight  of  the  beam  may  be  added  to  P  with  sufficient  accuracr.     Thii 
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f^  <d  the  duumel  in  the  above  exunple  between  tbe  supports  wouU  be 
|ftx  13,  or  300  lb,  and  F  would  be  8  too  lb,  whkh  would  five  a  value  for 
|c«f  24.1.    The  factor  of  safety  in  the  loads  allowed  u  generally  large  enough 

I  offset  the  slight  effect  produced  by  tbe  weight  of  the  beam;  but  if  the  full 
|k1  assumed  is  likely  to  be  imposed  on  the  beam,  then  allowance  must  be  made 
t  the  weight  of  the  beam  itself. 

Case  Vm 

SuypufUwl  at  Beth  Ends  and  Loaded  Synmetrkfllly  witii  Sevevd  Cob* 
(Fig.  •). 

II  tins  ca<«  it  is  necessary  to  compute  the  maximum  bending  moment  in  the 
buiud  proportion  the  beam  by  Formulas  (3)'  or  (5)'. 

g.    A  steel-beam  girder  is  to  be  designed  to  support  a  brick  wall, 
h  thick  and  weighing  138  000  lb,  over  an  opening  22  ft  wide.    The  girder 
tbo  support  the  ends  , 

lo-in    floor-beams  j*"^^  «— •*•? 

8,  each      "^ 

000  lb.    — r~ 


kar 


as  in   Fig. 
carrying    16 


*!3r 


I. 


B* 


-+-W-*! 


II 

- 

jSteioL    The    first    step    p^,  g.    Simple  B^y^m.    Several  Concentrated  Loads 
pi  make  an  aUowance  for  Symmetxically  Placed 

tvciglit  of  the  girder, 
total  load  on  the  girder  (neglecting  the  weight  of  the  girder  itself)  -  138  000 
H-4X8000  lb  (one-half  the  load  on  each  beam)-  170000  lb,  or  85  tons. 
B  much  more  than  the  heaviest  single  rolled  beam  will' carry,  it  will  be 
to  use  a  pair  of  beams  and  the  load  on  each  beam,  therefore,  wilt  be 
Consideriiig  for  the  present  the  entire  load  as  uniformly  distributed, 
life  IV,  pa0e  577,  shows  that  to  support  42.5  tons,  or  85  000  lb,  over  a  span 
Ito  ft  icquircs  a  34-in  85-lb  beam.    The  girder  then  will  weigh  between  sup- 

&IX85  X  33  «  3  740  lb,  or  about  4  000  lb.    This  added  to  the  weight  of 
iB  mafe*^,  lor  the  total  distributed  load,  142  000  lb.    The  next  step  is  to 
jwwa^  tbe  mf '"""""  bending  moment. 

ff  the  fbnniilas  given  in  Chapter  DC  the  maximum  bending  moments  for 
r  Ttrioos  loads  may  be  found  as  follows: 
r  the  wall  and  girder  (Case  V,  page  336), 

I                           ,^         22X143000  .  „ 

\  J/« *  390  500  f t-lb 

'  tbe  beam  Bi  (Case  VI,  page  337), 

8oooX3HXTdH 


Ml 


32 


beam  B%  (Case  VI,  page  327)1 

8oooX8ViXi3^ 


Mi 


S3 


23  545  ft-lb 


-  41  727  ft-lb 


:  beams  being  spaced  symmetrically  from  the  middle  of  the  span,  the  bend- 
lents  for  Bi  and  B4  will  be  equal  to  those  of  Bi  and  Bi  respectively. 
the  bending  moments  to  a  scale,  in  the  manner  explained  for  Figs.  17 
^330^  the  diagram  shown  in  Fig.  9  is  obtained.     The  greatest  bend- 
is  tbe  ordiiiate  M»  which  acales  486  500  ft-lb,  or  5  838  000  in-lb. 
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Note.    Since  the  loads  are  symmetrically  placed!  this  ordinate  is  over' 
middle  point  of  the  girder,  but  it  is  drawn  to  one  side  In  the  figure  in  order 
to  confuse  it  with  the  ordinate  J/,  the  maximum  bending  moment  for  the  i 
formly  distributed  load.    Substituting  this  value  of  Mx  in  formula  (3)', 


I/c 


5  838  000  in-lb 
x6  000  lb  per  sq  in 


-36s 


the  section-modulus  for  both  beams,  or  182.5  for  one  beam.    Frmn  Table 
V^S^  3S4*  it  is  found  that  a  24-in  90-lb  t>eam  has  a  sectioa*modulus  of   x  J 

and  two  9o-]b  beams  will  just  aasi 
The  assumption  of  a  uniform  distribui 
of  such  a  loading  over  every  foot  < 
girder  usually  results  in  the  selectioi 
lighter  beams  than  are  indicated  by 
second  solution,  in  which  each  cozk 
trated  load  is  considered  as  really  { 
centrated  at  a  point.  The  tiseo  be 
should  be  securely  bolted  together  1 
separators  near  each  connection  of  be 
Bi,  Bs,  /?!,  Ba,  and  at  each  end  ol 
girder. 

A    D0UBI£-BEA1C    GIRDER,    hoWCVI 

not  considered  the  best  kind  of  sirdc 
use  under  this  condition  of  loading,  as 
not  good  construction  nor  economic] 
material.  As  a  general  nile  i^cam 
PERS  should  be  used  only  when  the  I 
can  be  applied  to  the  upper   flange 

■v^, t  j^-*'  i'^^^  beams.    Transferring  a  load  din 

r«.  9.    Bending-iil^ment  Diagram  for   ^  ^^  ''^^  ?^  one  b«m,  ev«a   Oiouf 
Beam  Shown  in  Fig.  8.  ^  connected   with   the   other    bean 

means  of  separators,  does  not  insui 
equal  distribution  of  the  loading.  The  author,  therefore,  recommends  in 
case  a  riveted  beam  girder  or  a  riveted  plate  girder.  The  method  a) 
indicated  applies  to  any  method  of  loading,  the  only  didsrence  in  the 
culation  being  in  the  determination  of  the  maximum  bending  moments. 

Inclined  Beams.  The  strength  of  beams  incUned  to  the  horixontal  ma 
computed,  with  sufficient  accuracy  for  most  purposes,  by  using  the  fom 
given  for  horizontal  beams,  and  taking  the  horizo^ttal  projections  of  the  b 
as  the  spans. 

S.  Steel  Beamt  and  Girders* 

Materials  Used  for  Beams.  Practically  the  only  materials  used  in  s 
tural  work  for  beams,  at  the  present  day,  are  wood,  steel  and  reinforced  con< 
As  wooden  beams  are  always  rectangular  in  cross-section,  the  general  foru 
used  in  this  chapter  can  be  much  simplified  by  substituting  for  I/c  its  val 
terms  of  the  breadth  and  depth  of  the  beam.  Formula?  for  wooden  beans 
therefore  be  found  in  Chapter  XVI.  Cast  iron,  also,  is  occasionally  use 
beams  or  lintels,  but  as  this  material  is  much  stronger  in  resisting  comixt 
than  tension,  the  beam  must  be  of  a  special  shape  in  order  to  use  the  ma 
to  advantage.    The  strength  of  cast-iron  beams  is  therefore  considered  1 

*  For  the  deflection  of  steel  beams,  see  Chapter  XVm. 
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pVBcai  hfading  in  Chapter  XVI.    Foonulas  for  reinf orood-conctete  beams  are 
ina  b  Chaptcf  XXIV,  pages  924  to  ^9;  and  Chapter  XXV,  pa«e  992. 

'  Voraa  of  Steel  Beams.  Snce  1893,  steel  beams  have  superseded  wiought- 
ba  besms,  and  the  latter  are  now  never  used.  Any  shape  of  rolled  steel  may 
^  saed  ss  a  beam,  but  the  I  shape  is  the  most  economical,  as  it  possesses  the 
iaUsl  mistance  for  a  given  weight  of  metal.  Next  to  the  I  beam,  in  economy, 
I  the  channel,  then  the  deck  beam;  angles  and  tees  are  the  least  economical 
1  ifaspes.  The  following  values  show  the  safe  loads  per  pound  of  steel,  for 
nrious  shapes^  for  a  10-ft  span;  the  same  ratio  would  hold  for  other  spans. 

^  h  I  beam      xo-in  channel      zo-in  deck-beam      4  by  6-in  angle       4  by  5-in  tee 
ifl4  94.6  83.0  28.7  ax. 6 

Ihe  Deepest  Beema,  the  Strongest,  Sti£Fest  and  Moat  Bcenomical. 
siSEBGTH  of  a  wooden  or  steel  beam  of  rectangular  cross-section  varies  as 
SQUASE  OP  THE  DEPTH,  directly  as  the  breadth  and  inversely  as  the  length, 
tltt  siiFFHEss  varies  directly  as  the  cube  or  the  depth,  directly  as  the 
and  inversely  as  the  cube  of  its  length;   hence  the  deeper  beam  ynU 
the  greater  strength  and  stiffness  in  proportion  to  its  sectional  area.    With 
these  relations  do  not  hold  strictly,  because  of  the  variation  in  the 
of  the  cross-sections,  but  they  are  approximately  true.    It  therefore 
that,  for  any  given  span,  it  is  more  economical  in  floors,  where  other 
will  permit,  to  use  deep  beams  spaced  farther  apart  or  to  use  one  deep 
in  place  of  two  shallower  beams.    Thus  if  a  distributed  load  of  39  tons 
be  supported  over  a  span  of  16  ft,  one  20-in  65-lb  beam,  two  15-in  42-lb 
or  three  x2-in  40-lb  beams,  could  be  used;  but  the  20-in  beam  would 
only  I  105  lb,  allowing  for  6-in  bearings,  as  compared  with  x  428  lb  for 
Z5-tn  beams  and  2  040  lb  for  the  xa-in'b^tins,  and  the  bolts  and  separators 
be  saved. 


Heavy  Steel  Beams.    Light  beams  are  more  economical  than 
beams  of  the  same  depth,  except  when  the  span  is  so  short  that  the 
ihad  is  governed  by  the  resistance  of  the  web  to  buckling,  in  which  case  the 
are  the  more  eoonomicaL 


Safe  Loads  for  Steel  Beams.    All  loaded  beanu  are,*  in  general, 

to  three  kinds  of  stresses.    The  most  destructive  arc*  generally  those 

;to  the  bekding  moments,  and  have  already  been  considered.    The  second 

arc  those  which  tend  to  shear  a  beam,  or  to  make  one  part  slide  on 

rather  vertically.     (See  puntgraph  on  Shearing-Stresses  in  Steel  Beams  and 

page  567.)     These  stresses,  however,  seldom  need  to  be  considered 

in  the  case  of  riveted  girders  and  short  beams  with  very  thick  webs. 

tlmd  kind  of  stress  is  that  which  tends  to  cause  the  web  of  a  beam  to 

l;  and  in  a  steel  beam  over  a  span  very  short  in  proportion  to  the 

qC  tiie  beam,  the  resistance  of  the  web  to  bucklin^q;  generally  determines 

load  that  the  beam,  without  stiffeners  on  the  web,  will  support. 

182,  183  and  567.) 

Loads  for  Steel  Beama.*  To  save  time  in  calculating,  tables  of  safe 
far  structural  and  supplementary  beams  and  channels  used  as  beams 
'oooHitions  of  transverse  loading,  have  been  prepared,  which  give  the  um- 

MsniBtTTED  SAic  LOADS  in  thouHuids  of  pounds  for  spans  customary 

of  the  matter  of  the  foDowing  paragraphs  relating  to  steel  I  beams  has  been 
hf  pmniMiTm.  from  the  Pocket  ComiMDkm,  Carnegie  Steel  Coovany,  Pitts- 
Fa. 
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in  building-ooDstnictioii.    They  nn  bawd  upon  an  extreme  mca-snuEsa 
i6  ooo  lb  per  sq  in  on  the  fiben  fartbeet  from  the  neutftl  Mirface  o£  tbe  be 

The  Tablea  of  Safe  Loada  for  Anglaa  and  Teeai  pagee  586  to  591,  1 
the  values  at  the  same  fiber-stress  on  spans  of  one  foot,  item  whkh  the  aafe  1 
for  any  span-length  may  be  obtained  by  direct  dirision,  and  also  the  valiiei 
those  spans  at  which  the  allowed  safe  load  will  produce  a  deOectioa  <^  He 
the  span-length.  The  loads  in  all  cases  inchide  the  weight  of  tbe  beam,  -w 
shouki  be  deducted  in  order  to  arrive  at  the  net  load  which  the  beam  will  supi 
For  several  concentrated  loads  or  for  a  combination  of  distrtbuted  aad  con 
trated  loads  it  will  be  necessary  to  use  the  methods  previously  explained  u 
Case  VIIl,  page  563. 

Uae  of  Tablea  for  Concentrated  Loada.  To  use  any  of  the  follon 
•tables  for  ooncekikaxcd  tOADa,  find  the  equivalent  distributed  load  by  n 
pl3ring  the  concentrated  load  by  the  factor  given  in  Table  IV,  page  633, 
then  use  the  beam  having  a  safe  load  equal  to  the  load  thus  found. 

In  addition  to  the  oonversbn-factors  in  that  table  the  following,  alao*  wi 
found  convenient: 

For  two  equal  loads  applied  at  one*third  the  span  from  each  end,  multiply 

load  by  aH* 

For  two  equal  loads  applied  at  one>fourth  the  span  from  each  end  mul 
one  load  by  3. 

For  a  beam  fixed  at  one  end,  and  loaded  at  tbe  other,  multiply  by  S. 

For  a  beam  fixed  at  one  end,  and  imiformly  loaded  over  the  entire  let 
multiply  by  4. 

Unusual  Conditiona  of  Loading  of  Beama.^  It  is  assumed  m  all 
that  the  loads  are  applied  normal  to  the  axis  i-*i  as  shown  in  the  ta.bles  c 
properties  of  sections  in  Chapter  X,  and  that  the  beam  deflects  vertically  i 
PLANE  OF  BENDING  ONLY.  If  the  Conditions  of  loading  involve  the  intx« 
tion  of  fonoee  outside  this  plane  of  loading^  the  allowable  wife'lbadB  am 
determined  from  the  general  theory  of  flexure  in  aococdaaoe  with  tbe  mo 
application  of  the  load  and  its  chaiacter.  This  applies  partkolaziy  to  m 
icETRiCAL  SECTIONS,  such  as  angles,  which  should  be  ved  under  ^>M?ifg^  < 
tions  of  loading  where  the  section  can  deflect  vertically  only,  beio^  riffid 
cured  against  lateral  deflection  or  twisting  throughout  the  entice 
In  all  such  cases  of  eccentric  loading,  the  actual  safe  loads  would  be  conside 
lower  than  the  tabulated  safe  loads,  which  have  been  based  upon  t>i^ 
favorable  conditions  of  loading. 

Vertical  Deflection  of  Steel  Beame.*  In  the  case  of  beama  xatend 
carry  plastered  ceilings,  experieooe  indicates  that  the  vbrxicax*  dkvuk 
to  avoid  crackmg  the  plaster,  should  be  limited  to  not  more  than.  Vi^o  1 
span-length.  Thb  aPAN-uurr  for  steel  beams  is  approximately,  in.  feet, 
the  depth  in  inches  and  is  indicated  in  the  tables  by  the  lower,  broken, 
aontal  lines.  Beama  intended  for  such  purposes  should  not  be  uaed  for  g 
spans  unless  the  allowable  tabular  safe  load  exceeds  the  actual  load  to  b 
ported.  As  the  dead  load  of  a  floor  is  supported  by  the  floor-beams  befo 
plaster  is  applied,  only  the  deflection  due  to  the  live  load  really  needs 
considered.     The  vertical  deflection  of  beams  is  explained  in  Chapter  XV 

Lateral  Deflection  of  Steel  Beami.*    The  tabular  safe  loada  &ve 

upon  the  assumption  that  the  compression-flanges  of  the  various  aectioi 

*  Part  of  the  matter  of  this  paragraph  has  been  adapted,  by  permission,  from  the  1 
Companion,  Carnegie  Steel  Company,  Pittsbuigh,  Pa. 
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end  at  proper  intervals,  against  lateral  deflection,  by  the  use  of  tie-rodi> 
hr  other  means.  The  lateral  unbraced  length  of  steel  beams  and 
Kbs  should  not  exceed  forty  times  the  width  of  the  compression-flanges, 
ben  tile  oabraced  length  exceeds  ten  times  the  width,  the  tabular  safe  loads 
Md  be  reduced.  An  explanation  of  the  method  of  reducing  the  tabular  loads 
ka  the  xmsapported  length  exceeds  ten  times  the  flange-width  is  given  in 
bpter  XVm,  page  670.    (See  Bethlehem  Handbook  for  sidewise  deflection.) 

Skeeriiig-StreaMa  in  Stael  Beams  and  Girders.*    The  safe-load  tables  for 
fm  ud  chaniBfilft  are  computed  solely  with  reference  to  safe  unit  stresses 

fio  iLxxu2Ey  and  the  safe  loads  uniformly  distributed  on  the  spans  given 
■oi  cause  average  shejirjng-stresses  in  the  web  greater  than  the  10  000 
tper  sq  in,  the  average  safe  working  strength  of  steel  in  shear.  When, 
■Sfn;  botms  are  loaded  with  heavy  loads  concentrated  near  the  supports, 
fvfata  beams  oC  short  span  are  loaded  with  uniformly  distributed  loads  to  their 
I  onying  capacity  as  regards  flexure,  the  bending  moments  may  be  small 
Mpuison  with  tfac  reactions  at  the  supports,  and  the  beams  may  fail  along 
^•ettnl  surface  as  a  result  of  longitudinal  shearinc-^tressbs,  or  they  may 
PCDE  as  a  result  of  the  combined  longitudinal  and  vertical  web-stresses. 
I  SKh  spans  tfae  safe  shearing  or  buckling  strength  of  the  web  rather  than 
of  the  flanges  to  bendiog-stresses  may  limit  the  carrying  capacity 


£ 


kSeUng  Values  of  Beam-Webs.*    The  vertical  shearing-stresses  or 

b  vertical  compressive  components  of  the  web-stresses  may  under  some  con- 

tsfi  exceed  the  safe  resistance  of  the  beam  to  buckling,  and  there  remains 

pwMity  that  a  web  or  web-plate,  which  is  amply  secure  against  the  safe 

shear  of  xoooo  lb  per  sq  in,  will  not  be  of  sufficient  strength  when  otm* 

as  a  cohmui.     In  such  cases  provision  must  be  made  for  security  against 

either  by  stiffeners  or  by  an  increased  thickness  of  the  web  or  web« 

(For  the  determining  conditions  for  web-buckling  of  steel  beams  in  gril- 

baaed  on  direct  compression,  see  page  183.) 

tm  of  We1^-B1lckling  of  Steel  Beams.    There  are  two  conditions 
tucKLiNG  (see,  also,  foot-note  for  paiagraphs  relating  to  Tables  II  and 

part  of  the  beam  bearing  on  the  support  is  subject  to  direct  com- 

r,  and  the  web  over  this  part  must  be  capable  of  resisting  iL    If  this 

\h  too  small  the  end  of  the  beam  will  fail,  as  a  column,  causing  the  web  to 

It  is  therefore  necessary  to  calculate  the  required  length  of  the  bear-^ 

The  beam  througfaout-  its  length  between  the  supports,  or  in  case  of  a 
beam,  from  its  end  to  the  support,  is  subject  to  shear.    It  is  gen- 
sapposed  that  the  shear  develops  stresses  of  tension  and  compression 
;  web;  that  these  stresses  act  at  right-angles  to  each  other  in  the  plane  of 
aod  at  an  an^  of  45**  with  the  neutral  surface  of  the  beam;  and  that 
tmAOOHAJL  STRESSES  are  equal  in  magnitude  or  intensity  to  the  vertical 
at  any  point.    It  is  the  compressive  stress  tliat  tends  to  buckle  the 

for  S&im  Bnckling  Resistance  of  Steel  Beams.*    In  regard  to 

coodition  of  bnckling  a  series  of  experiments  has  been  made  on  beams 

depths  and  web-thicknesses  to  arrive  at  a  basis  for  a  simpler  method 

to  use  in  the  investigation  of  the  safe  buckling  resistance  of 

of  the  matter  of  this  paragraph  has  been  adapted,  by  permission,  from  the 
Carnegie  Steel  Company,  Pittsburgh,  Pa. 
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beams  with  unsupported  webs,  and  f lom  these  experiments  the  following  < 
mulas  *  h&ve  been  deduced: 

"15*11 


nrnr 


imilmil  Safe  end-reaction  «-  56XMfl+-j 

Sale  interior  load  P  ->  a  5^  X  /  (ai  +  -  J 


In  these  formulas,  R  is  the  end-reaction,  P  the  concentrated  load,  /  the  ^ 
thickness,  d  the  depth  of  the  beam,  ai  half  the  distance  over  which  the  con 
trated  load  is  applied  and  a  the  whole  distance  over  which  the  end-reactn 
applied;  while  Sh  is  the  safe  resistance  of  the  web  to  buckung,  in  po 
per  square  inch,  by  the  straight-line  formula 

5ft  «  19  000  —  100  J/a  r 

d/a  «  /  in  the  column-formula  t-  The  first  formula  is  general  and  appl» 
any  condition  of  loading.  The  second  formula  covers  the  case  of  a  single 
concentrated  at  the  middle  of  a  span;  it > can  be  e.Ttended  to  cover  a  systc 
concentrated  loads  provided  the  sum  of  the  dbtances  at  is  not  less  than  a. 

Tables  n  t  and  in  X  give  for  beams  and  channels  with  unsuppc 
webs: 

*  These  fonnulas,  in  order  to  satisfy  the  first  condition,  are  used  in  the  Pocket 
panion,  19 15  Edition,  Cam^ie  Steel  Company,  Pittsburgh,  Pa. 

t  This  Is  the  column-formula  used  by  the  American  Bridge  Company  and  in  Can 
Pocket  Companion,  S  being  the  allowable  coMPRBsatvB  unit  stkbss  in  pouadi 
square  inch  witJun  the  Uiual  limits  of  l/r.    See  Formula  (13),  page  481. 

t  In  regard  to  tJie  shearing  of  steel  beams,  allowable  weMieaia,  ctc.»  the  v«h 
example  (see  Example  15,  this  chapUt,  and  on  pages  183  and  183  o£  r^^p^^r  J 
43  000  lb  per  sq  in  for  a  z3-in,  3z.8-lb  I  beam*  given  in  Table  II,  page  575,  takes 
Carnegie's  Pocket  Companion,  is  based  on  the  allowed  direct  shear  without  includti 
condition  of  web-crippling.  That  b,  the  43  000  lb  is  determmed  by  taking  the  a 
the  web,  0.35  X  la «■  4.3  sq  in  and  multifdylng  it  by  loooo  lb  per  sq  in,  wfiick 
value  there  used  for  the  safe  unit  sheafing-atrcas. 

The  beam  is  therefore  calculated  as  being  good  for  43  000  lb  sbeak,  but  it  is  nee 
to  make  a  further  investigation  to  ascertain  whether  the  stresses  due  to  shear  will 
the  web  of  the  beam  to  buckle.  As  stated  in  the  paragraph  on  page  567,  on  the  Bv 
Values  of  Beam- Webs  there  are  two  conditions  of  web-buckling  or  web-crippling. 

In  the  case  of  a  plate  girder  the  end-sliffeilets  provide  for  the  first  condition,  a 
intermediate  stiffeneis  for  the  Second  condition.  '  The  web  itself  may  then  be  coun 
for  its  full  shearing  value.  In  the  case  of  beams,  however,  it  is  not  generally  eooo 
to  use  stifieners,  so  that  the  web  alone  must  saeet  every  oonditioB. 

The  Carnegie  Pocket  Companion  gives  a  formula,  reproduced  in  the  precedii^ 
graph,  and  gives  the  derived  lengths  of  bearings  in  Tables  II  and  III,  to  satisfy  t] 
condition.  Some  of  the  formulas  used  in  the  manufacturers'  handbooks,  for  zna, 
sale  shear  baaed  on  web-buckling  for  the  second  condition,  are  as  follows: 

Paanic  Steel  Company.       y,    ^o<^f 


1+ 


3  000 1* 
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b  (i)"  The  allowed  web<«esistamce'iS6,  in  pounds  per  square  inch,  computed 
bo  thb  oompiressioa-fonnula.     (See,  aha,  page  183.) 

I  U) "  The  distance  a,  or  the  distance  over  which  the  end^reaction  must  be  dis- 
Minted  when  the  shearing-stress  V  in  the  web  is  the  maximum  allowable 
ptsoi  10 000  lb  per  sq  in. 

(i)"  The  attowable  END^REACTfOK  R^  when  a  is  taken  at  3H  in,  which  is  the 
pal  length  of  beam  actually  resting  on  the  4-in  angles  ordinarily  used  in  build- 
k<on^ruction  for  beam-scats. 

■4) "  The  allowable  shear  V,  on  the  gross  area  of  the  cross-section  of  the  beam 

diinnel-webs,  at  10  000  lb  per  sq  in." 

h  regard  to  the  second  condition  of  web-buckling,  the  ilaximuic  allow* 
saEAK  may  be  calculated  by  the  formula, 

l20Qodt  • 


.+  *• 
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■  vUcfa  Y  a  the  maximum  safe  web-shear  in  pounds;  d  »  the  depth  of  the 
pB;  /  m  the  thickness  of  the  web;  and  k  -i  the  height  between  the  flange* 
Ftta-    (See  Example  15,  this  chapter  and  also  example  on  pages  182  and  183.) 

U*Ia  ailditi<»  to  these  data  which  have  to  do  with  the  MAxnnjM  loads  on  beams 
daaneb  as  computed  from  the  we»-resistance,  Tables  II  and  III  give, 
the  MAxnfUM  bending  momeiits  in  foc^-pounds,  obtained  by  the  multi- 
of  the  SBcnOM-MODULUS  of  each  section  by  the  allowed  ftber-stress 
ifiooo  lb  per  sq  in  and  the  division  of  the  product  by  12  in  order  to  reduce 
•  foot-pound  basis.    These  maximum  bending  moments  may  be  used  on 
foa  instead  of  the  table  oC  properties  to  ascertain  the  proper  size  of  a 
jpaoa  to  be  used  in  any  particular  instance." 

«/ vhich  V  <■  the  maximum  safe  web-shear  in  pounds;  d  «■  the  depth  of  the  beam; 
AetUdkxMSSofweb;  and  A  —  the  distaow  between  the  flange-fillets. 

tn  be  BoCed  that  the  length  of  the  elMsent  in  compressbn  on  the  45*  line  is  k  Vi, 

the  squace  of  this  length  »  2  Ifi.    It  is  tin  vahie;  2  kfi,  that  is  substituted  for  /> 

ooliioui-formula  used  by  the  Cambria  Steel  Company  in  deducing  its  formula  for 

hned  00  web-buckling.    The  tensile  stress,  however,  tends  to  keep  the  compressive 

from  bockfing  the  web,  and  for  thb  reason  the  Paasaic  and  Bethlehem  engineers 

sne  Ebersl  value  of  3  000  P  instead  of  x  500  fi.    The  Passaic  Steel  Company, 

,  used  the  more  conservative  unit  value  of  xo  000  lb,  reduced,  instead  of  the 

b  oaed  by  the  othexs.    The  Passaic  and  Cambria  formulas  give  about  the  same 

a  i3-m.  31  ^^-fb  I  beam  by  the  former  having  a  safe  shear  of  33  352  lb  and  by  the 

33 188  lb. 

Rhbuc  Steel  Company  is  no  longer  in  existence  and  their  handbook  is  out  of  print. 
Steel  Company's  handbook  has  tables  for  Bethlehem  shapes  only.    If, 
.  no  table  of  maximum  shears  of  beams,  based  on  web-crippling,  is  at  hand,  it 
that  the  values  may  be  determined  from  the  formula, 

y      ^  000  di 


.+  ** 
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as  before.  V  <■  the  maximum  safe  web-shear  in  pounds;  d  ■■  the  depth  of  the 
r « the  thickness  of  the  web;   and  h  <-  the  distance  between  the  flange-fillets. 
beam  mentioned  and  used  in  Example  15,  page  57 x,  in  this  chapter  and  in  the 
oe  pages   i8a  and  183,  d  «■  xs  in,  <  »  0.35  in,  A  •■  9.762  in^  l>  »  0.1x25 
^tS'J96644  aad  F  »  33  x88  lb.    This  formula  ip  recommended  as  being  the  most 
although  there  is  xiot  a  great'  difference  in  the  results,  and  the  formula  of 
Ptfnic  Steel  Company  is  retained  elsewhere  in  Kidder's  Pocket-Book.     See, 
page  686  and  TaUe  IH  of  Chapter  XX.    Editor-in-chief. 
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Table  VII  is  a  table  computed  by  Mr.  Kidder,  giving  the  strength 
small  rectangular  steel  channels  or  grooved  steel.  These  are  o£ten  used 
supporting  metal  lath  in  suspended  cetlings»  and  the  table  will  be  found  us 
in  determining  the  size  to  use  for  any  given  span  and  spacing. 

4.  Tables  of  Safe  Loada  for  Steel  Beams  and  Girders.    Bzamp 

Example  9.  Direct  Bending  from  a  Uniformly  Distribiited  Load.  Aj 
illustration  of  the  use  of  tliese  tables  let  it  be  required  to  determine  the  pc 
size  and  weight  of  an  I  beam  to  carry  safely  a  uniformly  distributed  loa 
34  000  lb  over  a  span  of  20  ft,  the  weight  of  the  beam  not  being  included. 

Solution.    From  Table  IV,  page  579*  a  15-in  50-lb  beam  will  cany  34  4c 
The  weight  of  this  beam  is  50  lb  X  20  ft «  i  000  lb,  making  a  total  load  t 
supported  of  35  ooo  lb.    This  is  so  Kttle  in  excess  of  the  safe  load  that  the  e 
n^  not  be  considered.    Had  the  difference  been  more,  however,    the 
heavier  beam  should  be  used. 

Example  zo.    Direct  Bending  from  a  Concentrated  Iioad.    To  iUustrab 

use  of  the  tables  to  determine  the  size  and  weight  of  beams  required  to  < 
concentrated  loads,  Examples  10  and  11  are  given.  What  I  beam,  15  f  t  in  < 
will  safely  support  8  000  lb,  concentrated  at  a  point  $  ft  from  the  left  supj 

Soltttioa.  The  distance  5  ft  is  one-third  of  the  span,  and  the  oonva 
factor  for  this  (Table  IV,  page  633)  is  1.78.  The  equivalent  uzdformiy 
tributed  load,  therefore,  is  8  000  X  1*78  •■  14  240  lb,  and  from  Table  IV. 
581,  a  9-in  25-lb  I  beam  will  cany  14  500  lb  for  a  span  of  15  ft,  aiKl  will 
answer  the  purpose. 

Sxunple  xz.    Direct  Bending  from  Two  Equal  Concentrated  Loads.     '^ 
I  beam,  1$  ft  in  span,  will  safely  support  two  equal  concentrated  loads  of 
lb  eacht  applied  5  ft  from  each  end? 

Sirftttion.  The  distance  5  ft  is  one^third  the  span,  but  the  multiplier  in 
case  is  2H  (page  566).  Hence,  the  equivalmt  umformly  distributed  1c 
6  000  X  2H ""  16  000  lb  and  the  beam  required  (Table  IV,  page  580)  is  a 
25.4-lb  I  beam  which  will  carry  17  400  lb.  The  same  result  is  obtaim 
using  Formula  (iiY,  page  562.  This  formula  is,  //c- 12  Pm/S.  Sub^t 
/A»  12x6  000x5/16  000  =  22.5.  The  nearest  section-modulus  to  th^^  ^ 
that  of  a  xo-in  25.44b  I  beam. 

Example  12.  Maximum  Bending  Moment  from  a  Dfatiibuted  Load  Ore 
of  the  Span.  The  beam  in  Example  5,  Case  V,  page  561,  has  a  miLT^»T|„|Y| 
ing  moment  of  26  666  ft-lb.    What  beam  is  required? 

Solution.    The  nearest  bending  moment  to  this  in  the  first  coluaai.n  of 
n»  page  575,  is  27  240  ft-lb,  which  corresxx>nds  to  a  9-in  as-lb  Z  beam. 

Example  13.  Allowable  Web-Shear.*  The  maximiun  shear  in  the  be 
Example  12  is  just  at  the  right  of  the  left  reaction  or  bearing,  and  equals 
lb.    Is  the  beam  safe  for  shear? 

Solution.  From  Table  II,  page  575,  in  the  column  for  V,  the  al&owabli 
shear  for  a  9-in  25-Ib  beam  is  36  S4o  lb.  Hence,  the  beam  is  safe  if  "wel)-!!!] 
is  not  taken  into  account. 

Example  14.  Shear.*  It  is  required  to  determine  the  maximum  load 
a  9-in  25-lb  I  beam  can  support  without  exceeding  the  safe  wel>-resisu 

the  section. 

*  See  paragraphs  and  foot-note  relating  to  buddiog  of  beam-wefaa,  pag^ti  5^  ^ 
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From  Table  IV,  pa^  581,  the  maximum  load  for  this  beam,  given 
I  snail  6gures  above  the  heavy,  horizontal  lines,  is  73  too  lb. 
Ittnple  15.  Safe  Buckfing  Resistance.  See,  also,  paragraphs  and  foot-note 
temg  to  buckling  of  beam-webs  on  pages  567  to  569  and  also  example  on 
195  iSa  and  183.  According  to  Table  II,  page  575,  the  allowable  web-shear 
N  a  12-in,  31.8-lb  X  beam  is  42  000  lb.  Will  this  shear  cause  the  web  of  the 
to  buckle? 

The  web-shear  19  determined  by  multiplying  the  area  of  the  web, 
^8. 0.35  in  X  12  in  »  4.2  sq  in,  by  10  000  lb  per  sq  In,  the  safe  unit  shearing- 
tnL  The  maximum  shear  which  will  not  cause  the  web  to  fail  by  buckHng 
1MJ  be  found  by  the  formula  given  on  page  569  for  the  second  conditkm  oi  web- 

jiooodl 


1  + 


1500/* 

hm.  the  dimfmrions  of  structural  beams  (see  Carnegie's  Pocket  Companion, 
[Betas,  Profiles,  Weights,  etc.)  the  thickness  i  of  the  web  of  a  i2>in,  31.8-lb 
wan  b  ol35  in,  the  depth  of  the  beam  is  i  -  19  in  and  A,  the  distance  between 
^Bt-nflets,  is  9.762  in.    Substituting  these  values  in  the  formula, 

-      12  000  X  12X0.35  504OQ  50400  50400 

I  9-762^  .         95.296644  .    95.296644       279-046644 

\  1 500  X  ••35'  1500X0.1225  1^3*75  1S3.75 

'  50400X183.75       9^61000  ««         ,      ^         ^    ,u 

•• Tz — —  -  33  188,  or  about  33  190  lb 

279.046644         279.046644     ^        '  ^"^  "^ 

Ai  this  is  less  than  the  allowable  web-shear  of  42  000  lb  given  in  the  table?* 
acnyont  is  to  be  taken  of  the  web-buckling  from  the  second  condition  men- 

e[  in  the  preceding  pages,  a  larger  or  heavier  beam  should  be  used  or  the 
tedoced,  so  that  tl^  maximum  shear  will  not  exceed  33  190  lb.  (For  de- 
Ifcwing  coaditsons  for  web-buckling  of  steel  beams  in  grillages,  based  on 
Ihtt  compression,  see  page  183.) 

kasiple  x6.  Safe  Bnd-Reaedons  for  Web-BucUlng.  In  Example  8,  page 
%  tile  two  24-in  90-lb  X  beams  carry  170  000  lb  -f-  (4  000  lb,  the  weight  of  the 
Ibs)  -174  000,  lb  or  87  000  lb  for  each  beam.  Assmning  that  they  rest 
4-in  brackets  riveted  to  columns  at  each  end  of  the  span,  are  the  end- 
excessive? 

Snce  the  loading  is  sjnnmetricat,  each  reaction  for  each  beam  is 
the  total  load  on  each  beam,  or  43  500  lb.    From  the  last  coliunn  in 
n,  page  574,  the  maximum  end-reaction  R,  for  a  34-in  90-lb  beam,  is 
lb.    Hence,  the  beam  is  safe  as  far  as  the  compression  from  the  end- 
is  concerned. 

Beams.    It  is  not  considered  good  construction  to  subject  a  strut  to  a 

liTfld!F?c,  causing  a  certain  amount  of  flexure  in  it  and  thus  adding  to  the 

rx  stress.    Conditions  often  exist,  however,  where  practical  consider- 

it  desirable  to  use  a  strut  as  a  beam,  also,  as  in  the  top  chord  or  in 

prioopals  of  a  truss.    To  determine  the  size  of  a  member  in  a  case  of  this 

the  foUowmg  method  should  be  used: 

Find  the  section-m<xiu1us  //c,  for  the  member  for  the  transverse  load  by 
(2)'  to  (xx)',  using  12  000  lb  per  sq  in  as  the  value  of  S,  and  And  the 
ef  the  crwiB  irctinn  of  a  steel  shape  corresponding  to  the  value  of  1/c  thus 
See  note  at  cod  of  Example  17.  relating  to  value  of  S. 
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(2)  Find  the  section-area  required  to  resist  the  compressive  stress,  by  divk 
that  stress  by  the  value  opposite  Ijr  in  column  VIII  of  Table  XI,  page  49; 

(3)  Add  together  the  two  areas  and  use  I'or  the  required  member  a  pleo 
pieces  of  material  having  a  section-area  next  larger  than  the  total  area  fo( 

Example    17.    Strut-Beam.     Combined    Bending    and    Compreasiiwi. 
principal  rafter  in  a  truss,  8  ft  6  in  long  between  joints,  supports  the  end 
purlin  at  the  middle  of  the  span.    The  weight  from  the  purlin  is  2  800  lb  and 
compressive  stress  in  the  rafter  30  000  lb.    It  is  proposed  to  use  a  pair  of  ai 
for  the  rafter,  set  with  the  long  legs  vertical  and  \i  in  apart.    What  are 
dimensions  of  the  angles,  the  strut  being  braced  laterally  ? 

SettttAoii.  (i)  By  Formula  (8)',  /A-  3 X  2*10 X 8.5/12 ooo*.  5.95  for 
pair  of  angles,  or  2.98  for  each  angle.  (See  note  at  end  of  this  example.)  i 
Table  XI,  page  363,  the  nearest  value  to  this  with  reference  to  the  axis  i 
3.0,  the  section-modulus  for  a  5  by  3^^  by  ^i-in  angle.  The  section-area  ol 
angle  is  4  sq  in  and  of  two  angles,  8  sq  in. 

(i)  From  Table  XVI,  page  371,  the  least  r  for  a  pair  of  s  by  z\^  by 
angles,  which  would  be  aJix>ut  the  axb  i-i,  since  the  strut  b  braced  latei 
is  about  1.58  (between  x.53  and  i.6x).    Then  the  slendemess-ratio  //r» 
6  in/x.58  in-  102  in/1.58  in "64.5.     From  column  VIII,  Table    XI, 
493,  5  -  9  250  lb  per  sq  in.    Hence,  30  000  lb/9  250  lb  per  sq  in  —  3.24  a 
approximately. 

(3)  The  section-area  required,  therefore,  is  8  +  3.24  ■■  11.24  sq  in,  which. 
Table  XI,  page  363,  is  about  equivalent  to  that  of  two  5  by   4   by   if 
angles.    As  the  section-area  in  both  calculations  exceeds  that  actually  reqv 
no  allowance  for  the  weight  of  the  angles  need  be  made. 

Note.  Because  of  the  increase  in  the  tendency  of  the  strut  to  deflect,  ca 
by  the  combined  stresses  of  flexure  and  compression,  lower  values  of  .S  are 
than  in  the  cases  of  simple  flexure,  or  of  simple  compression. 

Tie-Beams.  Steel  beams  subject  to  combined  tensile  and  transverse  sti 
should  be  calculated  in  a  way  similar  to  that  explained  above  for  strut-b4 
The  section  necessary  to  resist  the  transverse  stress  should  be  found  first. 
the  section-area  necessary  to  resist  the  tensile  stress,  and  the  two  added  toge 

Example  z8.  Tie-Beam.  Combiaed  Bending  and  Tension.  One  span 
tie-beam,  10  ft  between  joints,  supports  a  load  of  6  000  lb  at  the  middle,  ai 
the  same  time  is  under  a  tensile  stress  of  84  000  lb.  It  is  proposed  to  usi 
steel  channels  for  the  tie-beam.  What  size  and  weight  are  required  fo 
channeb? 

Solution.  A  load  of  6  000  lb  applied  at  the  middle  of  a  beam  has  the 
effect  as  a  load  of  12  000  lb  uniformly  distributed,  or  6  000  lb  for  each  chf 
From  Table  V,  pa«e  584,  a  7-in,  9.8-lb  channel  will  be  required,  its  so 
area  (Table  VIII,  page  359)  being  2.85  sq  in.  The  additional  area  requir 
resist  the  tensile  stress  is  84  000  lb/16  000  lb  per  sq  in  — 5.25  sq  in,  or  2,< 
each  channel.  The  total  area  for  each  channd,  therefore,  should  be  a. 85  - 
-5.48  sq  in.  A  7-in,  ig.ys-lb  channel  has  a  section-area  of  5.79  sq  in 
an  8-in,  18.75-lb  channel  has  a  section-area  of  5.49  sq  in.  Either  one  11 
sufficient,  but  the  8-in  cliannel  will  probably  be  more  economical,  as  it  n 
I  lb  per  ft  less. 

Example  19.  Channel,  Set  Flatwise.  What  is  the  siz^  of  tbCr  chanoe 
flatwise,  required  to  support  a  uniformly  distributed  load  of  180  lb  per  ft 

a  span  of  10  ft,  or  120  in? 

Sdotloa.  IF-i  x8oX  lo-i  x8ooIb.  From  Case  V.  page  326.  if,...  «.  H^ 
X  800  X  X  20/8- 27000  in-lb.    From  Formula  (3)'«  page  557,  I/c^M 
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aoa/x6ooo»  z.7.  From  Ttbk  Win,  page  s59»  the  I/e  abaat  the  ask'  »^^ 
nespondlng  to  thisirtliat  of  a  12-in,  20.7-lb  chj^nnel. 

teapte  ao.  Reetaagular  Steel  Bar  wHli  Leag  Side  Verticel.  In  a  suspended, 
ifltred  ceiling  it  is  proposed  to  use  3  by  H-in  steel  bars,  4  ft  or  46  in  long,  to 
ror  the  plaster.  What  is  the  safe  load  each  bar  will  support,  if  set  with  thir 
If  sde  vertical? 

MiJniL  From  Table  I,  page  346,  the  /  for  a  2  by  H-in  bar  is  0.250.  r* 
ie4ialf  the  depth  «  i  in.  I/c  *  0.250/x  «  0.250.  Also,  from  Formula  (2)', 
m  557.  ATms  a  Sl/c.  Substituting,  Mm»M  -  16  000  X  0.250  «  4  000  in-lb 
1^  from  Case  V,  page  326,  Mmu^Wl/S,  and  hence,  4000-^^X48/81- 
|r,aad  IT-  4  000/6-  666  lb. 
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^OUqae  Loading  of  Pnrlina  on  Sloping  Roofs.  (See,  also  pages  593, 
%aid  1 170.)  In  Tables  II  to  V  it  is  assumed  that  I  beams  and  cbannebs 
fwi  vith  webs  vertical  and  carry  vertical  loads.  This  is  not  the  case  when 
|iaf  PuujNS  ON  SLOPING  ROOFS.  There  are  then  6her-stresses  due  to  the 
Booeots  of  the  bending  moment  both  at  right-angles  and  parallel  to  the 
m  of  the  roof.  The  resultant  fiber-stress  may  be  calculated  from  the 
■Btbo  on  page  11 70.  Thb  equation  is  used  in  determining  the  values 
m  m  Table  I  A.  It  may  be  noted  that  the  second  term  causes  the  fiber* 
■I  to  increase  rapidly  with  the  slope  of  the  roof.  If  purlins  were  propor- 
ari  according  to  the  equation  given  or  from  the  Table  I  A,  they  would  often 
kiKb  larger  than  those  commonly  used.  For  small  slopes  the  second  term 
[fte  equation  may  be  reduced  or  eliminated  by  the  stiffness  of  the  roof- 
naog,  and  for  other  slopes  by  connecting  the  purlins  with  sag-rods  running 
tk  ibong  sides  of  the  roof  to  an  unsrielding  connectbn  at  the  peak. 


1  A.    Ratio  of  Maznniim  Fiber-Street  to  Bendinc  Moment  for  I«B' 
■ai  Cbaaael  Purlins  Set  of  Right-Anf let  to  Rafters  and  Free  to  Move 
^  ia  Any  DiiectioB.    Loa^ag  Vert'cal  and  Oblique  to  Web 


Ibeam 

Ifeeare 
Ibeam 
Ibeam 
Ibeam 
iilbearo 


12.5  lb. 
15.31b. 
4  lb 

8  lb. 
4  lb. 
8  lb. 


18 
21 
«5 
3' 


8.2  lb. 

9.8  1b. 
'dsumel  11. 5  lb. 
idannel  13.4  lb. 
iditiir.4  15. 3  lb. 
iciaan-Jao.7  lb. 


Slope  of  roof  in  inches  per  foot  f 


0.14 
o.io 

0.07 
0.05 
0.04 
0.03 

0.23 
O.X7 

O.  12 
O.IO 
0.08 

COS 


I 

a 

4 

o.ax 

0.38 

0.42 

0.15 

0.21 

0.31 

O.IX 

0.16 

0.23 

0  09 

0.12 

0.18 

0.07 

0.10 

0.15 

0.05 

0.07 

o.xx 

0.40 

0.56 

o.8<; 

0.30 

0.42 

0.66 

w-2.i 

0.33 

0.52 

Q.18 

0.26 

0.4a 

o.is 

0.3I 

0  34. 

0.09 

0    14 

0.23 

1 

o  47 
o  35 
0.27 
0.21 
o  17 
0.13 


.98 

76 

60 

■48 

.40 


0.26 


o  53 
0.39 
0.30 
0.24 
0.19 
0.14 

x.io 
0.85 
0.68 
0.55 
0.4s 
0.30 


8 


o.6x 
0.46 

0.35 
0.28 
0.22 
O.X7 

I  30 
x.oi 
0.80 
0.65 
0.54 
0.^6 


I  Notes  by  Robins  Fleming. 
vary  idii^bt^  for  sIiKht  variations  b  weights  and  section-areas  of  beama  and 
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Strength  of  Beams  and  Beam  Giideis 


Tabl«n.*t     Ifiidftttti  ftbntfSag  lf»Bi«atii  mad 


0(1  B« 


1 

if  max 

d 

V 

i 

V 

Sb\ 

a 

R 

MMimam 

Depth 

Weight 

Thickiieas 

Allowable 

Allowable 

Minimum 

End 

bending 

of 

per 

of 

web- 

buckling 

end- 

veacti 

mom«ot 

beam 

Unit 

web 

Aear 

bearing 

tf-3>i 

ft-lb 

in 

lb 

hi 

lb 

Ibperaq 

• 

m 

lb 

a92  130 

27 

90.0 

0.524 

141  480 

X0080 

20.0 

54  X 

328390 

sxj.o 

0.7J7 

kteooo 

XJ460 

Z1.8 

9SS 

320390 

ZIO.O 

0.67s 

X65  120 

X2960 

12.5 

84€ 

312390 

X05.0 

o.6a5 

tsoooo 

12350 

13-4 

•73  J 

964400 

100. 0 

0.747 

180960 

13490 

XX. 8 

96f 

956560 

«4 

95. 0 

0.686 

166320 

13000 

xa.s 

8sl 

348  710 

90.0 

0.624 

151440 

Z2410 

13.3 

74^ 

240  870 

85.0 

0.563 

X36800 

XX  7x0 

14  5 

634 

331  920 

80.0 

0.500 

X20  000 

X0690 

16. 5 

SOI 

az6  670 

74.2 

0.476 

ZZ4  240 

Z0260 

174 

464 

XS693« 

ax 

60.4 

0.428 

89880 

X0500 

14.8 

39J 

a  so  750 

xoo.o 

0.873 

176800 

i5«8o 

8.3 

"3  4 

214  3IO 

9S.O 

0.800 

x6aooo 

X4720 

«.6 

XOl^ 

207680 

90.0 

0.726 

147400 

14300 

9.0 

89i 

20X  Z40 

85.0 

0.653 

X32  600 

13780 

95 

77  < 

X9S  Sio 

20 

80.4 

0.600 

X20  000 

13230 

10.x 

67. 

169  170 

750 

0.641 

129800 

X3660 

S6 

7S, 

162  640 

70.0 

0.567 

XX5000 

X2980 

«o.4 

63. 

XS5  930 

65.4 

0.500 

xooooo 

zaoSo 

Z1.6 

5K 

186720 

90.0 

0.796 

t49a6o 

t5«40 

7.4 

97 

1^^840 

85.0 

0.714 

Z50500 

X4700 

7.7 

^ 

174960 

80.0 

0.632 

X15  920 

X4  x6o 

8.2 

7» 

169080 

75.6 

0.560 

xoi  160 

13450 

8.9 

60 

136480 

18 

70.0 

0.7XZ 

Z29420 

X4670 

7.8 

&1 

130590 

65.0 

0.629 

XX4660 

X4  xxo 

^•5 

7x 

124  7x0 

60.0 

0.547 

99900 

13380 

9.0 

59 

117860 

55-0 

0.46c 

82800 

la  220 

TO. a 

44 

109  200 

48.2 

0.380 

68400 

10800 

12. a 

3» 

122890 

75. 0 

0.868 

X32300 

X6050 

56 

•ten 

Z17980 

70.0 

0.770 

XI7600 

15690 

5.8 

a^ 

113  080 

65.0 

0.67a 

X02900 

15  210 

6.1 

rs 

108  270 

60.8 

0.590 

88500 

14  600 

6.S 

&3 

90  850           15 

550 

0.648 

98400 

15040 

6. a 

71 

85940 

50.0 

0.550 

83700 

14340 

6.7 

58 

8z  040 

4SO 

0.452 

69000 

13350 

7.5 

4^ 

78530 

49.9 

0.4x0 

61  500 

X2670 

8.1 

3T 

72x30 

37.3 

0.332 

49800 

XX  x8o 

9.7 

«C 

V  is  computed  at  xo  000  lb  per  sq  in  of  gross  area  of  web-section. 

•  From  Pocket  Companion,  Carnegie  Steei  Company,  Pittsburgh,  Pa. 

t  See.  also,  foot-note  on  oage  568,  with  paragraphs  teUting  to  this  table  tad 
in,  and  paragmphi  on  page  567,  felating  to  web-buckliog  of  steel 
page  xSt 


Tables  o[  Safe  Loads  fM  StMl  Bevns  and  Girden 


ma- 

Idmb-SariMu* 

oiIBmu 

jr-j 

d 

• 

< 

r 

^t 

. 

Jt 

DmpO, 

W<Wt 

TbkkM* 

AUowibh 

Mlniiiran 

End< 

wb<  i 

ol 

of 

•mb- 

bwkli>ic 

«d. 

■ndioD 

baiB 

Hoft 

web 

dnr 

.HBtUCe 

bacbv 

'-iHii 

Ml 

ia 

»    1    . 

lb 

Ihpff,) 

b 

lb 

TZ" 

js.o           o  Sio 

9Sj« 

16470 

H,«» 

*T4«>I 

SO-O           o.«8r 

S3  (So 

16030 

*«=| 

4!=           O.S6I 

«9<» 

»no 

«o8           0460 

14480 

PTJO  - 

c*. 

13060 

17 ,9            a.>«4 

«Jl» 

40.0           0.741 

74  9" 

.6690 

9<Ma 

3JO           OSW 

60  »0 

16  no 

S7)o 

3*0           0.447 

45  s™ 

P5fa 

«.4        f.m 

IS  100 

11130 

65880 

30.0           o!s6i 

IG160 

JS.O           e.j97 

365" 

IS  160 

U*. 

>6io<i 

nln 

IJ.S            o.sil 

4}  180 

16444 

3J9«> 

1S9IO 

■  ISO 

»-J        0.349 

i8j6a 

•jfc 

IS.4       0.170 

iifioo 

13870 

«47B 

17  6« 

«»»' 

10.0                0.4J0 

31060 

16350 

•4i»= 

«to| 

IS -3            o.ijo 

17J00 

14150 

ntB' 

.J." J     0.465 

16810 

Its             O.IJO 

13  too 

14480 

[icl.' 

>4.JJ           0.494 

JJK» 

IT  180 

rife 

Itftf! 

l7«SO 

16580 
.4S70 

».:«> 

10. S            o.*» 

rt400 

I7StO 

[.)» 

9.S 

0316 

tjito 

0  JSJ 

10  s» 

16560 

1^1*1 

T-T 

0.90 

7600 

■  5360 

►»*r 

10S30 

irs6o 

i  7 

oil's 

7890 

.5950 

L_ 

_ 

576  Stztngth  ol  Beamft  and  Beam  Girders    '      Chap. 

Table  in.*t    Mmiiwim  Beadiag  Homente  and  Wab-RomttaiicM  of  Chuui 


Mum 

d 

w 

/ 

V 

5it 

a 

R 

Maxiirum 

Detrth 

Weight 

Thick- 

Allowable 

Allowable 

Minimum 

Em 

bending 

per 

ness  of 

web- 

buckling 

end- 

reacit( 

moment 

channel 

Unft 

web 

shear 

resistance 

bearing 

a-3M 

ft-lb 

in 

lb 

in 

lb 

lb  per  sq 
in 

in 

lb 

76490 

55  0 

0.8x4 

122700 

15820 

5.7 

938: 

71590 

50.0 

0.716 

108000 

15390 

6.0 

80  3! 

66680 

IS 

45  0 

0.618 

93300 

14830 

6.4 

66& 

61  780 

40.0 

0.520 

78600 

14  040 

6.9 

533 

56880 

35.0 

0.422 

63900 

12900 

7.9 

r. 

55  570 

33-9 

0.400 

60000 

12  510 

8.2 

64360 

50.0 

0.787 

102830 

16  150 

4.8 

862 

60  no 

4S.O 

0.673 

88  140 

156^ 

5.0 

717 

55870 

13 

40.0 

0.560 

73450 

15020 

5.4 

57  2 

53320 

37.0 

0.492 

64  6x0 

14470 

5.7 

485 

SI  620 

350 

0.447 

58760 

14020 

6.0 

427 

48740 

31.8 

0.375 

48750 

13000 

6.8 

329 

43760 

40.0 

0.755 

90960 

16360 

4.4 

80Q 

39840 

35  0 

0.632 

76320 

15730 

4.6 

650 

35920 

12 

30.0 

0.510 

6t  560 

14  950 

SO 

498 

32000 

25  0 

0.387 

46800 

13670 

S.8 

34« 

28470 

20.7 

0.280 

33600 

11570 

7.4 

210 

30800 

35-0 

0.820 

82300 

16900 

3.4 

834 

27530 

30.0 

0.673 

67600 

16440 

36 

661 

24  260 

10 

25-0 

0.526 

52900 

15730 

3.9 

49$ 

20990 

20.0 

0.379 

38200 

14470 

4.4 

331 

17840 

IS. 3 

0.240 

24000 

11  780 

6.0 

i6< 

20  950 

25.0 

Ok6l2 

55  350 

16470 

3.2 

S8J 

18  010 

9 

20.0 

0.448 

40680 

15550 

35 

AP4 

15070 

15.0 

0.28s 

25  920 

13590 

4.4 

22  « 

14  080' 

13.  4 

0.230 

20700 

12  220 

S.I 

x6] 

15920 

21.  25 

0.579 

46560 

16620 

2.8 

53^ 

14  610 

18. 75 

0.487 

39200 

16  170 

2.9 

432 

13  310 

8 

16.25 

0.395 

31920 

15  530 

3.2 

3*< 

12  000 

13.75 

0.303 

24560 

14490 

35 

24 

10770 

11.50 

0.220 

17  600 

12700 

4.3 

XS. 

12640 

19-75 

0.629 

44310 

17090 

2.3 

S6 

II  490 

17.25 

0.524 

36960 

16700 

2.4 

46 

10350 

7 

14. 75 

0.419 

39610 

16  130 

2.6 

33 

9210 

12.25 

0.314 

22  260 

IS  190 

2.9 

25 

8030 

9.80 

0.210 

14  700 

13230 

3.5 

14 

8680 

15. S 

O.S59 

,13780 

17  ISO 
16640 

2.0 

4» 

7700 

6 

13.0 

0.437 

26400 

2.1 

36 

6720 

'S5 

0.314 

190S0 

15730 

2.3 

25 

5780 

8.2 

0.200 

12000 

13810 

2.8 

13 

S5S0 

IX. 5 

0.472 

23850 

17  180 

1.7 

38 

4  730 

5 

9.0 
6.7 

0.325 

16500 

16380 

1.8 

25 

3960 

0.190 

9S0O 

14450 

2.2 

13 

30SO 

l'^ 

0.320 

13000 

16870 

1.4 

M 

2790 

4 

6.25 

0.247 

looSo 

16350 

i.S 

iS 

2  530 

5.40 

0.180 

7200 

15150 

1.6 

u 

1840 

6.0 

o.3.';6 

10860 

17560 

x.o 

a? 

1640 

3 

5.0 

0.258 

7920 

17030 

I.O 

X9 

1450 

41 

0.170 

5  100 

15940 

1.x 

11 

1 

V  is  computed  at  10  000  lb  per  sq  in  of  gross  area  of  web-section. 

*  From  Pocket  Companion,  Csmegie  Steel  CompsAy.  Pittsbuish,  Pa. 

t  See,  also,  foct-note  on  page  568,  with  paragmphs  relating  to  this  table  and  ti 
III,  and  paxagiafJis  on  page  567.  relating  to  web-buckling  of  steel  >**— ni  Sc 
page  183. 


Tables  of  Safe  Loads  for  Steel  Beams  and  Girders 
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Mb  nr.«    Safe  UaifOfm  Loads  in  Uaits  of  i  ooo  Pooado  for  Stotf  I  Boami 

luMDom  bending  stress,  x6  ooo  lb  per  sq  in.   Beams  secured  against  yielding  bidewi 


1 

1 

. 

Depth  and  weight  of  sections 

Coeffi- 

ft 

Sfn. 

27-in 

24-in 

2i-in 
60.4 

cient  of 

k 

90 

115 

xzo  !xos.9 

ix> 

95 

90 

85 

79.9 

74-a 

deflectioi 

lb 

•  B     • 

•  •       » 

lb 

lb 

•    a   • 
«    •    • 

lb 

•  •  ■ 

•  *  • 

•  ■  • 

lb 

3  »•> 

lb 

lb 

•  •  « 
303  .Q 

lb 

■  ■  • 
•  •  « 

lb 

•  •  f 

■    ■  « 

9  1.0 

3JI,9 

lb 

■  •  • 
•  •  ■ 

laS.s 
.216.7 

lb 

•  •  ■ 

• 

*  •  • 

•  V     • 

•  •  • 

• 

3^3.5 
302.2 

264,4 

0,63 

7 

393.3 
356,6 

284.2 
348,7 

1793 
156.9 

0.81 

8 

j<ii* 

J28*4!320.4 

?rf 

240,9 

X.06 

9 

a59-3t  291  -  9, 284 . 8,a77 . 7 '  235 . 0 

228.0  221. 1 

214.1 

206. z 

i92!6 

1395 

1.34 

» 

235-4;  362  7 

2S6.3  249-9;"I-5 

205.2  1990 

192.7:185.5!  173  3;  "5-5 

X.66 

n 

213.2.^.8 

2\Y.o' 227.2, 192.3 

186.6  180.9 

175. 2 

168.7 

IS76 

1X4-1 

2.00 

a 

194-5  218.9' 2t3- 6  208.3176.3 

171.0  165.8 

160.6 

154.6 

144.5  »<>4.6 

2.38 

13 

1 79-5;  2Q2. 1  {197-2,192. 2  162.7 

157.9 

153. 1 

148.3 

142.7 

1333 

96.5 

2.80 

14 

166.7 

ll»7.7 

183.1  178.5  151 -I 

146. 6 

142.  X 

137.6  132.5 

123.8 

89.7 

3.24 

IS 

is6  6!i7S.i 

170.9  166.6  141.0 

136.8 

133.6 

128.5  123.7 

1156 

837 

3.73 

i6 

145-9' 164.2' i6o.2|  156.2  132.3 

128.3  124.4 

120.4 

II6.0 

108.3 

78.4 

4  34 

137-3, 1545  ISO.8  i47.o'l24.4 

120.7IH7.0 

113.4 

109.x 

102.0 

73.8 

4.78 

IS 

l29-7''i46.o  142.4 

138.81x7.5 

1140 

no. 5 

107. 1 

103.1 

96.3 

69.7 

5.36 

19 

122.8. 138.3  134-9 

131.5  III-3 

108.0 

104.7 

101.4 

97.6 

91.2 

66.x 

5. 98 

» 

"6.7  131. 4  128.2  125.0,105.8 

102.6 

995 

96.3 

92.8 

86.7 

628 

6.62 

a 

xix.i  I2S.I 

122. 1  119.0  100.7 

97.7 

94.7 

91.8 

88.3 

82.S 

59.8 

7.30 

a 

106.1  119. 4 

116.5  IX3.6>  96.1 

93.3 

90.4 

87.6 

84.3 

.788 

57-1 

8.01 

<3 

IOI.5  1 14 -2 

III. 4  108.7 

92.0 

89.3 

86.5 

83.8 

80.7 

754 

54.6 

8.76 

M 

97-3109.5106.81104.1 

88.1 

85.5 

83.9 

80.3 

77.3 

72.2 

52.3 

9  53 

« 

93-^  105. 1 

103.5 

xoo.o 

84.6 

82.1 

79.6 

77.x 

74.2 

693 

502 

10.35 

tf 

89.8  1 01. 0 

98.6 

96.1 

8X.4 

78.9 

76.5 

74.1 

71.4 

66.7 

48.3 

ZX.X9 

37 

86 J  97  3 

94-9 

93.6 

78.3 

76.0 

73.7 

71.4 

68.7 

64.2 

46.S 

X2.07 

* 

83^4   93  8   91.5 

89.3 

75.5 

73.3 

71.1 

68.8 

66.3 

61.9 

44.8 

12.98 

9 

80.5I  90.6 

88.4 

86.2 

72.9 

70.8   68.6 

66.4 

64.0 

59.8 

433 

X3.93 

JB 

77.8'  87.6 

85. 4 

83.3   70.5 

6B.4 

66.3 

64.3 

6z.8 

57.8 

4X.8 

14.90 

y 

75-3;  84.7 

82.7 

80.6 

68.2 

66.2 

64.3 

63.3 

59.8 

S5-9 

40.S 

15.91 

J2 

1                      ■ 

729  82.  i| 

80.1 

78.1 

66.1 

64.1 

63.3 

60.2 

58.0 

54  2 

39-2 

16.95 

as 

70.7 

79.6 

77.7 

75.7 

64.1 

62.2 

60.3 

S8.4 

56.2 

525 

38.0 

18.03 

31 

68.6 

77.3 

75.4 

73.5 

62.2 

60.4 

58.5 

56.7 

54.6 

51.0 

36.9 

19.13 

« 

66.r  73. i'  73-2 

71.4 

60.4 

58.6 

56.8 

55. 1 

53.0 

49-5 

359 

20.28 

^ 

64-81  73.0 

71.2 

69.4   58.8 

57.0 

55. 3 

53.5 

51-5 

48.2 

34  9 

21.45 

r 

63.1    71 -o 

69.3 

67.5    57.2 

55.5 

53.8 

53.1 

50.1 

468 

33.9 

23.66 

^ 

61^ 

69.1 

67.S 

65.8 

55.7 

54.0 

53.4 

S0.7 

48.8 

456 

330 

23.90 

39 

598    67.4 

65-7 

64.1 

S4.3 

52.6 

51.0 

49.4 

47.6 

444 

32.2 

25.18 

40 

584    65-7 

64.1 

62.5 

52.9 

51.3 

49  7 

48.3 

46.4 

433 

31.4 

26.48 

4K 

56.9J  64.1 

6a.5 

61.0 

51.6 

50.1 

48.5 

47.0 

45.3 

42.3 

30.6 

27.82 

^4t 

55.61  612.6 
54-3    61- 1 

61.0 

59-5 

50.4 

48.9 

47.4 

459 

44.2 

41.3 

29.9 

39.20 

b« 

59.6 

58.1 

49.2 

47.7 

46.3 

44.8 

43.1 

40.3 

29.2 

30.60 

t^ 

S3jO«  59-7 

58.3 

56.8 

48.1 

46.6 

45.2 

43.8 

42.2 

39.4 

28.S 

32.04 

> 

51-9    S8-4 

57.0 

55.5 

47.0 

45.6 

44.2 

43.8 

41.2 

38.5 

•   ■   • 

33  52 

'4S 

50.7!  57-1 

55.7 

54.3 

46.0 

44.6 

43-3 

41.9 

40.3 

37-7 

*  ■   • 

35  02 

;« 

497    55. 9 

54.1 

53.2 

45.0 

43.7 

42.3 

41.0 

39S 

36.9 

•  •  • 

36.56 

:#  , 

4^6    54  JT 

5.^.4 

53^1 

.fill 

42.8 

41.5 

40^1 

33 .7,  36. 1 

•  •  • 

38.14 

i«  1 

47-6    53.6^ 

52. 3 

51. 0 

43.2 

41.9 

40.6 

39-3 

37. 9|  35.4 

39  74 

ifi 

46.7    52. 5 

SI. 3 

50.0 

43.3 

41.0 

39.8 

38.5 

37. r  34.7 

•  •  • 

41.38 

tioMb 


above  the  upper  heavy  .lines  will  cause  nuaimum  allowable  shears  in 
Sff._  also,  pttrasrapha  in  text  and  foot-note  with  same,  page  567,  relating  to 


in 


bdow  tbe  lower  broken  lines  will  cause  excessive  deflections 
*  Fram  PMJtet  Companion,  Caroegic  Steel  Company,  Pittsburgh,  Pa. 
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Strength  of  Beams  and  Beam  Girders 


Chap. 


TtUkU  ZV  ^  (Gontiiraed).    Safe  UtiifMv  Laaiis  in  Unite  of  i  ooo 

for  Steel  I  Beams 


Maximum  bending  stress 

,  x6  000  lb  per  sq 

in.    Beams  secured  against  yielding  aide 

Span. 

Depth  and  weight  of  sections 

Coi 

20-in 

i8-in 

ciec 

(^ 

dd 

ti> 

100 

95 

90 

85 

81.4 

75 

70 

65.4 

90 

85 

80 

75.6 

lb 

lb 

•  •  • 

lb 

lb 

•  •  • 

lb 

lb 

■  •  • 

lb 

•  •  ■ 

lb 

•  •  • 

lb 

•  •  ■ 

lb 

•   •  • 

lb 

lb 

*  •  • 

•  ■  •  • 

•  •  « 

5 

3.S3.2 

■  ■  • 

•  •  ■ 

■  •  • 

•  •  • 

■  •  « 

•  •  • 

«  •  • 

•  ■  • 

•  «  • 

■  ■  • 

■  «  • 

0. 

•  •  •  • 

6 

7 

•  •  ■  ■ 

294-3 

3*4 -0 

094-8 

•  •  • 

•  •  • 
SJO.O 

223.4 

•59'^ 

ay».o 
3X6.8 

ias.9 

•  ■  • 

S00.0 

floo.5 
249- 0 
313. 4 

241. 1 
206.7 

•  «  « 

•  •  • 

28<.6 

276.9 
237. 7 

32S.6 
193  3 

0. 

252.3244.8 

229.9 

X78.3 

200.0 

193.2 

0. 

8 

220.7I3X4-2 

207.7 

201. X 

19s. 5 

X69.3 

x63.6 

155. 9 

t86  7 

180.8 

175-0  169.  l| 

I 

9 

X96.2 

190  4 

184.6 

X78.8 

173.8 

XSO.4 

X44.6 

138.6 

X66.0 

160.7 

1555 

150.3 

t 

10 

176.6 

17x4 

X66.X 

X60.9 

156.4 

135. 3 

X30.1 

134. 7 

149.4 

144.7 

140. 0 

135-3 

I 

XI 

X60.5 

155.8 

151. 0 

X46.3 

142.2 

123.0 

118. 3 

113. 4 

135. 8 

I3t.5 

X37.3 

X23.0 

a 

13 

1472 

142.8 

138.S 

134. 1 

130. 3^ 

112. 8 

108.4 

104.0 

134-5 

120.6 

116.6 

1x2,7 

3 

13 

I3S.8 

131. 8 

127.8 

X23.8 

120.3 

104. 1 

100.  X 

g6.o 

114.9 

1IX.3 

107.7  104. 1 

a 

14 

126.  X 

X32.4 

X18.7 

XI4.9 

11X.7 

96.7 

92-9 

89.1 

106.7 

103.3 

ioo.o   96.61 

3 

15 

XX7,7 

1X4.2 

1x0.8 

107.3 

104.3 

90.2 

86.7 

83.3 

99.6 

96.4 

93.3 

90.3 

3 

i6 

1x0.4 

107. 1 

103.8 

100.6 

97.7 

84.6 

8X3 

78.0 

93.4 

90.4 

87.5 

84.5 

4 

17 

X03.9 

100.8 

97.7 

94.1 

92.0 

79  6 

76.5 

73.4 

87.9 

85.  X 

83.3 

79-6 

4 

x8 

98.x 

95  2 

92.3 

89.4 

86.9 

76.3 

73.3 

69.3 

83.0 

80.4 

77.8 

75.x 

5 

19 

92.9 

90.2 

87.4 

84.7 

82.3 

71. 3 

68.5 

65.7 

78.6 

76.x 

73.7 

71.3 

S 

ao 

88.3 

8s.  7 

83.1 

80. 5 

78.2 

67.7 

65.1 

62.4 

74.7 

72.3 

70.0 

67.6 

< 

21 

84.1 

81.6 

79.1 

76.6 

74.5 

64.4 

62.0 

59-4 

71.1 

68.9 

66.7 

64.4 

1 

22 

80.3 

77.9 

75.5 

73.1 

71. X 

6x.s 

59.1 

56.7 

67.9 

65.8 

613.6 

61.S 

1 

23 

76.8 

74.5 

72.2 

70.0 

68.0 

58.8 

56.6 

54.2 

64.9 

62.9 

60.9 

58.8 

1 

24 

73.6 

71.4 

69.2 

67.0 

65.3 

56.4 

54.3 

52.0 

62.3 

60.3 

58.3 

56.4 

! 

25 

70.6 

68.5 

66.5 

64.4 

62.6 

54.1 

S3.0 

49-9 

59.8 

57.9 

56.0 

54.1 

n 

26 

67.9 

65.9 

63.9 

61.9 

60.3 

53.1 

50.0 

48.0 

57-5 

55.6 

53.8 

53.0 

I] 

2? 

65.4 

63.5 

61.S 

59-6 

57.9 

SO.  I 

48.2 

46.3 

55.3 

53.6 

SI. 8 

50.1 

u 

26 

63.1 

61.2 

59-3 

57-5 

55-9 

48.3 

46.5 

44.6 

53.3 

SI. 7 

So.o 

48.3 

xi 

29 

60.9 

59.1 

57-3 

55.5 

53-9 

46.7 

44.9 

43.0 

5x5 

49.9 

48.3 

466 

x; 

30 

58.9 

57.1 

55.4 

53.6 

53.1 

45.x 

43.4 

41.6 

49-8 

48.2 

46.7 

4S.I 

21 

31 

57.0 

55.3 

W.6 

SI. 9 

SO.S 

43.7 

43.0 

40.3 

48.2 

46.7 

45.2 

43.6 

X 

32 

55.2 

53.6 

SI. 9 

50.3 

48.9 

43.3 

40.7 

39.0 

46.7 

45.2 

43.7 

42.3 

1 

33 

53.5 

Si-9 

50.4 

4&.8 

47.4 

41.0 

39.4 

37.8 

45.3 

43.8 

43.4 

41. G 

X 

34 

51. 9 

S0.4 

48.9 

47.3 

46.0 

39.8 

38.3 

36.7 

43.9 

42.6 

41.2 

39.« 

I     1 

35 

50.S 

49-0 

47.5 

46.0 

44.7 

38.7 

37.3 

35.6 

43.7 

41.3 

40.0 

3».« 

t   a 

36 
37 

49.1 
47.7 

47.6 
46.3 

46.2 
44-9 

44.7 
43.5 

43.4 
43.3 

37.6 
36.6 

36.x 
35.3 

34.7 
33.7 

41. 5 

40.3 

38.9 

37.< 

»   a 

40.4 

39.1 

37.8 

3fr.< 

i   i 

38 

46.S 

45.x 

43.7 

42.3 

41. 3 

35.6 

34.3 

32.8 

39.3 

38.1 

36.8 

3Si 

5   a 

39 

45.3 

43.9 

42.6 

41.3 

40.1 

34.7 

33.4 

33.0 

•  ■  • 

•  ■  • 

•  •  ■ 

•  •  • 

4 

40 
41 

44.1 

42.8 

41.5 

40.2 

391 

33.8 

32.5 

31.3 

•  •  • 

•  ■  • 

•  •  • 

•  •  • 

«  ■  • 
•  •  • 

•  ■  • 
«  «  • 

4 
4 

43.1 

4X.8 

40.5 

39.2 

38.1 

33-0 

31.7 

30.4 

4 

42 

42. ol 

40.8 

39  6 

38. 3J 

37.2 

32.8 

31 -ol 

99.7 

•  '  • 

•   •    • 

•  ■  ■ 

«  •   • 

« 

Loads  above  the  tipper  heavy  lines  will  cause  maximum  allowable 
webs.    See.  also,  paragraphs  in  text  and  foot-note  with  same,  page  567.  re 
to  web-buckling  in  beams 

Loads  below  the  lower  broken  lines  will  cause  excessive  deflections 


•  From  Pocket  Companion,  Carnegie  Steel  Company,  Plttsbans^,  P*- 


Tables  of  Safe  Loads  for  Steel  Beams  and  Girders 

Tttl0  nr  *  (CoatiiMMd).    8af«  Ufilform  Loftds  in  Units  of  x  ooo  Poirnd 

for  8taei  I  Beaou 

beodiag  stress,  16000  lb  per  sq  in.  Beams  aecared  •gainst  yieldiiig  si 
!  Depth  and  weight  of  aectiona 


a 

J 


x8-in 


70      6s 
lb      lb 

60 
lb 

■  •          *  •  « 

-99JB 

54-7 
lb 


4l 
S'flS.4aaB.9'i99.5 


t  M  3 
to  109  2 


174. 1  166. 

U9.2;i42. 
13P.6124 

u6.i  IIO. 


3;iS7.1 

s  134.7 
7.117.9 

9  104.8 
8    94.3 


48.3 
lb 


Xj6J 


124.8 

109.2 

97.1 

87.4 

79  4 
72.8 
67.2 
62.4 
58.2 

54.6 
51-4 
48. S 
46.0 

43.7 


41 
39 
38 
36 
34 


33.6 
33 -4 
31-3 
30.x 
29.x 

28.2 

«7.3 
26.5 
25.7 

25.01 

24-3 

23.« 
23.0 


Z5-in 


7S 
lb 


a6i.6 


245-8 
X96.6 

l63'8 
140.4 

123.9 

X09.2 
98.3 

894 
8Z.9 
75.6 
To.a 
65.5 

61.4 
57.8 
54.6 
SI. 7 
49-2 

46.8 
44.7 
42.7 
41.0 

39-3 

37.8 

36.4 

35.1 

33-9 
32.8 


70 
lb 


a3<.« 


31.7 
307 


188.8 

157. 3 
134.8 
118.0 

104.9 
94.4 

85.8 

78.7 
72.6 

67.4 
62.9 

59.0 
55. 5 
52.4 
49  7 
47.2 

44  9 
42.9 
41.0 
39  3 
37.8 

36.3 
35.0 
33  7 
32.5 
31.5 


65 
lb 


ao^.8 


304 
29s 


180.9 

X50.8 
129.2 

X13.1 
100.5 

90.S 

8a. 2 

75  4 
69.6 
64.6 
60.3 

56.5 
53.2 

50.3 
47.6 
45-2 

43.1 
41.1 
39-3 
37.7 
36.2 

34.8 
335 
32.3 
31. 9 

30.2 


29.2 
28.3 


60.8 
lb 


'77.0 


173  2 


55 
lb 


^ 


8 


X81.7 
145-4 


Z44.4  I2X.Z 


123.7 
108.3 


103.8 
90.8 
96.2'  80.8 
86.6  72.7 


78.7 
72.2 
66.6 
61.9 
57-7 

54.1 
50.9 
48.1 
45-6 

43-3 

41.2 
39-4 
37.7 
36.1 
34  6 

33.3 
32.x 
30.9 

29.9 
38.9 


27.9 
27.1 


66. 

60 

55- 

5X. 
48. 


45-4 
42.8 

40.4 
38.3 
36.3 

34.6 
33  o 
31.6 

30.3 
29.1 

28. o 
a6.9 
26.0 
25.1 
24.3 


50 
lb 


167.4 


23-4 
22.7 


137.5 

1x4.6 
98.2 

85.9 
76.4 

68.8 

62.5 
57  3 
52.9 
49.x 
45.8 

43.0 
40.4 
38.2 
36.2 
34.4 

32.7 
3x3 

29.9 
28.6 

27.S 

26.4 

25. 5 
24.6 

23.7 

23.9 


45 
lb 


mt.o 


22.2 
21.5 


129.7 

•  •  • 

108.  X 
93.6 
8x.o 
72.0 
64.8 

58.9 

54.0 

49.9 
46.3 
43.2 

40.5 
38.1 
36.0 
34X 
32.4 

30.9 
29  5 
28.2 
27.0 
25. 9 

24.9 
24.0 
23.3 
33.4 

3X.6 


ao.9 

20.3 


42.9 
lb 


XO4.7 
89.8 

78.5 
69.8 

6a  .8 

57.1 
52.4 
48.3 
44.9 
41.9 

39.3 
37.0 

34.9 
33.x 
3X-4 

29.9 
38.6 

27.3 
26.2 
25.1 

24.2 

23.3 

33.4 
3X.7 
30.$ 


20.^ 

i9.£ 


above  tfae  upper  heavy  lines  will  cause  maximum  allowable  shea 
fee.  also,  pmgcapfas  in  teit  and  foot-note  with  same,  page  567,  rel 
M  veb-bodding  in  beams 
Loads  bdow  the  lower  broken  lines  will  cause  excessive  deflections 
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Streogth  of  Beams  and  Beam  Girders 


Chap. 


Tabl«  IV  *  (ContiiiiMd).    Safe  Unifona  Loads  in  Unite  of  i  ooo  Poudi 

for  Steel  I  Beanu 

Maximum  bending  stress,  i6  ooo  lb  per  sq  in.   Beams  secured  against  yielding  sid 


CO 

Depth  and  weight  of  sections 

* 

iS-in 
37.3 

i2-in 

lo-in 

55 

SO 

45 

40.8 

35 

31.8 

27.9 

40 

35 

30 

25.4 

22.4 

•  • 

3 

4 
5 

•  • 

6 

lb 

lb 

lb 

lb 

lb 

lb 

lb 

lb 

lb 

lb 

lb 

a   •  a 

lb 

tt> 

•  •    • 

•  •    • 

•  •  • 

•  ■  ■ 

90A 

ftjA 

•  ■  ■ 

«  •  0 

•  •  « 

•  ■  • 

110.4 
95.6 

•  •  • 

79-7 

»  •  • 

t'4.<5 

•  •  « 

•  ■  ■ 

84.0 

r     *    *    * 

■    •    • 

•  •    ■ 

•  •    • 

6S.i 

X4'>.8 

I9n.4 

a    a    • 
•    ■    ■ 

69.0 

•  •  • 

•  •   • 

a   •  a 

.10.4 

190.2 
142.7 
114. 1 

•  •  ■ 

95.1 

112. 8  104. I 

84.6  78.Z 

67.7  62.S 

•    •    •                  •   ■    ■ 

56.4     52.1 

134.8 
107.9 

•  •   • 

89.9 

127.0 
101.6 

. . . 

84.7 

IOI.5 
8X.2 

•    •  • 

676 

71.6 
57.2 

•    a    • 

47.7 

76.7 

■  •  « 

63.9 

52.1 

»    •    m 

43.4 

48.5 
40.4 

96.1 

59  1 

7 

82. 4|  81.5 

77.0 

72.6 

68.3 

S8.0 

54.8 

50.6 

48.4 

44.6 

40.9 

37.2 

346 

8 

7a. li  71.3 

<>7.4 

63.5 

598 

SO  7 

48.0 

44  3 

42.3 

39.0 

35.8 

32.6  30.3 

9 

64.  z 

63.4 

59.9 

56.4 

53.1 

45-1 

42.6 

39  4 

37.6 

34.7 

31.8 

28.9   26.9 

10 

57.7 

57.1 

530 

SO  8 

.  478 

40.6 

38.4 

35.5 

XV  9 

31.2 

28.6 

26.0   24.2 

II 

52.4 

51.9 

49.0 

46.2 

43.5 

36.9 

34.9 

32.3 

30.8 

28.4 

26.0 

23.7    82. 0 

la 

48.x 

47.6 

44.9 

42.3 

39.8 

3.1.8 

32.0 

29.5'   23.2 

26.0 

23-9 

21.7  20. a 

1   13 

44-4 

43.9 

41.5 

39-1 

36.8 

31.2 

29.5 

27  3 

26.0 

24  0 

22.0 

20.0  18.6 

14 

41.2 

40.8 

38.5 

36.3 

34.2 

29.0 

27.4 

25. 3 

24.2 

22.3 

20.4 

18.6  17.3 

15 

38.4 

38.0 

36.0 

339 

31.9 

27.1 

25.6 

23.6 

22.6 

20.8 

19.1 

17.4 

x6.a 

i« 

36.0;  35. 7 

33.7 

31.7 

29.9 

25-4 

24.0 

22.2 

21.2 

19s 

17.9 

16.3 

15. X 

17 

33  9i  33.6 

31.7 

29.9 

2d. I 

23.9 

22.6 

20.9 

19  9 

18.4 

x6.8 

15.3 

14. 3 

l8 

32.0 

31.7 

30.0 

28.2 

26.6 

22.5 

21.3 

19.7 

z8.8 

17.4 

159 

14. s 

13. S 

19 

30.4 

30.0 

28.4 

26.7 

25.2 

21.4 

20.2 

18.7 

17.8 

16.4 

is.i 

13.7 

xa.8 

20 

28.8:  28.5 

27.0 

25.4 

23.9 

20.3 

19.2 

17.7 

16.9 

.JSi? 

14.3 

.Hi? 

xa.i 

21 

27. S 

27.2 

25. 7 

24.2 

22.8 

19.3 

1S.3 

16.9 

16. 1 

14.9 

13.6 

12.4 

XX. s 

22 

26.2 

25. 9 

24  5 

23.1 

21.7 

18.4 

17.4 

16. 1 

15-4 

14.2 

13.0 

1Z.8 

XX. 0 

23 

25.1,  24.8 

23  4 

22.1 

20.8 

17.6 

16.7 

15.4 

•  •  • 

•  •  * 

•  •  • 

a    a    • 

•    a  a 

34 
25 

24.0 
23.1 

23.8 

22.5 

21. 2 

19-9 

16.9 

16.0 

14.8 

■  •  • 

■  •  • 

•  •  • 

•  «  ■ 

a    ■   • 
■    •   « 

m     •   • 

>    •  • 
a    a  « 

22.8 

2Z.6 

20.3 

19.1 

16.2 

IS. 3 

14.2 

26 

22.2    21.9 

20.7 

195 

18.4 

15.6 

14.8 

13. 6 

•  •  • 

■  •  • 

•    •  • 

■     •    • 

a   a  ■ 

27 

21. 4^    .  .. 

■   *  ■ 

■    •  • 

•  •  ■ 

•  •  • 

■  ■  • 

•  urn 

•  •  • 

•  *  ■ 

a    ■  • 

a   •  » 

a   •  • 

28 

20.6     ... 

•  •  • 

■   •  • 

•  ■  • 

■  •  • 

•  •  • 

•  •  • 

•  ■  • 

«  •  a 

a   •  • 

•   •   • 

■   •  ■ 

29 

19.9     ... 

V   ■   • 

•   *  • 

•  •  ■ 

•  •  • 

•  •  • 

■  •  • 

■  •  • 

a   •  • 

•  »  m 

a    »  • 

a  •  • 

30 
31 

X9.2 

•  •  • 

... 

•  •  • 

•  •  • 

•  •  • 

•  •  • 

•  ■  • 

•  •  • 

•  •  • 

•  •  « 

•  ■  * 

•  *  • 

•  •  • 
a  •  • 

•   a   • 
■  •   • 

a   a  • 

a    a  • 

•  •  * 

a   ■  ■ 

a    a    « 

a    •  « 

18.6 

a   •  • 

32 

18.0     ... 

\ 

•    •  • 

•   •   • 

•  •  * 

•  •  ■ 

■  «  ■ 

■    ■  • 

... 

a    *    a 

a    ■   • 

■    •   * 

a    a  • 

Loads  above  the  upper 

heav: 

f  line 

8  will  cause  max 

imum  allowable  aheai 

webs.     See.  also,  paragrai 

ihs  in 

text 

and  foot-note  wii 

th  same,  paoe  567,  rdi 

to  web-buckling  in  beams. 

Loads  below  the  lower  t 

>roker 

I  lines 

will  cause  excess 

dve  deflections 

*  From  Pocket  Companion,  Carnegie  Steel  Company,  Pittsburgh,  Pk. 
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Sale  Valform  Lm4m  hk  Ifnfts  •!  i  o#o  Pobads 
for  StMl  I  B« 


IkMe  IV  *  (CMtimMd). 


ifarimw^  beoduig  stKss  x6ooo  lb  per  aq  in.  Beams  secured  against  yielding  sidewise 


Depth  and  weight  of  sections 


8-ixi 


23 

lb 


7?  .8 


30.5 

lb 


57.1 


57.31 

43- o; 
34-4 

28.7 
34-6 
21.5 
19.1 
17.2 

IS. 6 
14.3 
IS.2 

ia.3 

11. S 
Z0.8 


10. 1 
9.6 


53.9 
40,4 
33.3 

26.9 
23.x 

20.3 
18.0 
16.2 

14.7 

135 
ia.4 
II.  5 

10.8 
10.  X 


9.5 
9.0 


18.4 
lb 


«.» 


37.9 
30.3 

25-3 
21. 7 

19.0 
16.9 

15.2 

13.8 

12.6 

n-7 
10.8 

10.  X 
9.5 


17.5 

lb 


7-m 


30 

lb 


6t.x 


JiL 


31. 1 
25.9 

22.2 


8.9 
8.4 


X9 

17 

15. 

14 
13 

13 
IX. 


10. 4 
9.7 


9.2 

8.6 


43.9 
32.1 
25  7 

21.4 
18.4 
16. 1 

14.3 
12.9 

XI. 7 
10.7 

99 
9.2 


8.6 
8.0 


17.75 
lb 


49-4 


»5-3 
lb 


39.8 
29.9 
23-9 

19.9 
17.1 
14  9 
13  3 
II  9 

10.9 

10.0 
92 

8.51 


JS^ 


8.0 
75 


27.6 
23.x 

x8.4 
X5.8 
13.8 
12.3 
IZ.O 

xo.o 

9.2 
8.5 

7  9 


7.4 
6.9 


Coeffi- 
cient of 
deflec- 
tion 


o.is 

0.37 

0.41 

0.60 
0.81 
1.06 

1.34 
X.66 

3.00 
2.38 
3.80 
3  24 
3.72 

4-24 

4.78 

5. 36 

5.98 
6.62 


Depth  and  weight  of  sections 


64a 


rjH  i  I4^i 
lb   J   lb 


7 
8 

9 

to 

n 
u 

13 
U 


IS  5    U.2 


13.31    13.2 

II  .6!  10.7 


X2M 

lb 


07-6 


i 


95 

8.5 


r 


10.3 
93 

8.5{     7.8) 

7.2     6.6 

6.7»    6.1 


25-8 
19.4 
ISS 

12.9 

II. X 

9-7 
8.6 

7.7 

7.0 
6.5 

'67oi 
5.5 


5-in 


i4^i 
lb 


504 


32.3 

21.5 

16.2 
12.9 

10.8 

9.2 
8.X 

7.2 
6.5 


5.9 
54 


12H 
lb 


3S-7 


29.1 
19.4 
14.5 

IZ.6 

9.7 

8.3 
7-3 

6.5 
5.8 


5.3 
4.8 


10 
lb 


ai.o 


17.2 
12.9 

10.3 

8.6 

7.4 
6.4 

5.7 
5.2 


4.7 
4.3 


4-m 


loH  ;  9H 
lb    I  lb 


y-8 


g/.O 


8V4 
lb 


SI.O 


19.0  z8.o  16.9 

12.7  12.0I11.3 

95,  9.0   8.5 

7.6    7.2   6.8 

6.3   6.0   5.6 

5.1    4.8 


54 
4.8 


4.51  4.2 


4.2    4.0    3.8 


3.8 


3.6 


3.4 


7.7  iH 


lb 


10.6 
8.0 
6.4 

5.3 

4.5 
4^0 

3.5 
3.2 


3-in 


lb 


lb 


57 
lb 


TO. 3 


ax. 

20.7'  »5-8 

10.4I  9.61  8.8 

6-9|  6-4  5.9 

5.2    4.8  4.4 

4.1    3  81  35 


3.5 


3.2|  2.9 


3.0,  2.7 


2.6 


2.4 


2.5 
2.2 


Coeffi- 
cient of 
deflec- 
tion 


0.02 
0.07 
0.15 
0.27 
0.4X 

0.60 

0.81 
X.06 

1.34 
Z.66 

2.00 
.3.38 

3.80 
3  24 


Loads  above  the  upper  heavy  lines  will  cause  maximum  allowable  shears  in 
See.  also,  paragraphs  in  text  and  foot-note  with  same,  page  567.  relating 
to  «^)-bacIding  in  beams 
Loads  heknr  the  lower  broken  lines  will  cause  excessive  deflections 


'  Fiom  Pocket  Companion,  Carnegie  Steel  Company,  Pittsburgh,  Pa. 


Ml  Strength  of  Beams  and  Beam  Girders 

TaUtoV.^    6tleUatfott&X<*telnlIolta«(  toooPwnitfwSlMl 

Maximum  bending  stress,  x6  ooo  lb  per  aq  in.    Beams  secured  against  yielding 


Span, 
ft 

Depth  and  wHght  of 

sections 

1 

i5-in 

i>in                        c 

•^^H 

55 

50 

45 

40 

35 

33.9 

so 

45 

40 

37 

35    3i-8| 

^ 

lb 

lb 

lb 

lb 

lb 

lb 

lb 

lb 

•76.3 

lb 

lb 

lb 
"7-5 

lb 

•  •  ■ 

1 

•  «  «  • 

3 

4 

•45-4 

a»6.o 

186.0 

•  •  • 

157J 

•  ■  ■ 

197.8 

•  •  • 

xao-o 

»5-7 

146.9 

•    •    a 

«^ 

204.0 
153  0 

190  9  177.8 
143-2  133.4 

171.6,160.3 
128.7:120.2 

123.6  113. 8 

III. I 

izi.7|zo6.6.iQ3.2 

4 

5 

122.4 

114. 5 

106.7 

98.9    91.0 

88.9 

103.0 

96.2 

89.4 

8>5.3 

82.6 

78.0     01 

6 

IQ2.0 

95-4 

88.9 

82.4    75.8 

74.1 

85-8 

80.2 

74.5 

71.1 

68.8 

65.0     J 

7 

87.4 

81.8 

76.2 

70.61  65.0 

63.S 

73.6 

68.7 

63.8 

60.9 

S9  0 

55.7    ol 

8 

76.S 

71.6 

66.7 

6t.8!  56.9 

55.6 

64.4 

60.1 

■55  9 

S3  3|  51.6 

48.7      d 

9 

68.0 

63.6 

59-3 

54.9 

50.6 

49.4 

57.2 

53.4!  49.7 

47.4    45.9   43  3'     l| 

zo 

61.2 

57. 3 

53.3   49.4 

45.5 

44-5 

51.5 

48.1 

44.7 

42.7 

41-3 

390 

i 

II 

55.6 

52.1 

48.5 

44.9 

41-4 

40-4 

46.8 

43.7 

40.6 

38.8 

37.5 

354 

4 

12 

51.0 

47.7 

44.5 

41.2-  37.91  37.0 

42.9 

40.  z 

37.2 

35.5 

34.4 

32  5-  g 

13 

47.1 

44.1 

41. 0 

38.0 

35- 0 

34-2 

39.6 

37.0 

34-4 

32.8 

31. 8 

30.0    a 

14 

43.7 

40.9 

38.1 

35-3 

32.S 

31.8 

36.8 

34.4 

31.9 

30.5 

29-5 

27.9.    3-: 

IS 

40.8 

38.2 

35.6 

33.0 

30.3 

29.6 

34-3 

32.1 

29.8 

26.4 

27.5 

26.0 

3* 

l6 

3B.2 

35-8 

33.3 

30.9 

28.4 

27.8 

32.2 

30.1 

27.9 

26.7 

2S.8 

24.4     4.: 

17 

36.0 

33.7 

31-4 

29.1 

26.8 

26.1 

30-3 

28.3 

26.3 

25.1 

24-3 

23.9 

4.' 

i8 

34.0 

31.8 

29.6 

27-5 

25.3 

24.7 

28.6 

26.7 

24-8 

23.7 

22.9 

21.7;    s.; 

19 

32.2 

30.1 

28.1 

26.0 

23.9 

23.4 

27.1 

25.3 

23.5 

22.4 

21.7 

ao.s 

5.' 

20 

30.6 

28.6 

26.7 

24.7 

22.8 

22.3 

25.7 

24.0 

22.3 

2X.3 

ao.6 

19-5 

6. 

21 

29.1 

27.3 

25-4 

23-5 

21.7 

21.2 

24.5 

22.9 

21.3 

20.3 

19.7 

i8.e 

►      7. 

22 

27.8 

26.0 

24.3 

22.5 

20.7 

20.2 

23.4 

21.9 

20.3 

19.4 

z8.8 

17.: 

r'    s. 

23 

26.6 

24.9 

23.2 

21.5 

19.8 

19.3 

22.4 

20.9 

Z9.4 

Z8.5 

18.0 

17. < 

>    s. 

24 

25.5 

23-9 

22.2 

20.6 

19.0 

18.5 

21.5 

20.0 

18.6 

17.8 

17. 2I  16.  J 

\    9 

25 

24.5 

22.9 

21. 3 

19.8 

18.2 

17.8 

20.6 

19.2 

17.9 

17. 1 

16.S 

15.< 

S    10 

26 

27 

23.5 
22.7 

22.0 

21.2 

20.5 
19.8 

19.0 

18.3 

17.S 
16.9 

17- 1 
16.5 

19.8 

18.5 

17.2 

16.4 

15-9 

l5-« 

9     XI 

_» 

19.1 

Z7.8 

x6.6 

T5.8 

15.3 

14.' 

ilia 

28 

21.9 

20.5 

19. 1 

17.7 

16.3 

15.9 

18.4 

Z7.2 

z6.o 

15. 2 

14.7 

I3.< 

»     M 

29 

21. z 

19.7 

18.4 

17.0 

15-7 

15.3 

•  •  • 

■  «  ■ 

•  •  ■ 

•  •  • 

«  •  ■ 

•  •  • 

X3 

30 
31 

20.4 
19.7 

19.1 

17-8 

16.5 

15-2 

14-8 

■  •  • 
«  •  • 

•  •  • 

•  «  • 

•  ■  • 

•  ■  • 

•  •  • 

•  •  • 

•  •  • 

•  •  • 

•  •  ft 

X4 

18.5 

17.2 

159 

14. 7 

14-J 

« 

" 

19. 1 

17.9 

16.7 

15.4 

14.2 

13.9 

•  •  • 

•  •  • 

■  •  • 

•   •  • 

•  •  • 

... 

iC 

Loads  above  the  upper  heavy  lines  will  cause  maximum  allowable  sheai 
webs.  See.  also,  paragraphs  in  text  and  foot-note  with  same,  pago  567,  rels 
to  web-buckling  in  beams 

Loads  below  the  lower  broken  lines  will  cause  excessive  deflections 


•  From  Pocket  Companion,  Carnegie  Steel  Company,  Pittsborgb, 
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LrtkbteV*  (ContiaMd).    S««»  Half  cm  L«w<ls  ift  Uniti  0I  i  ooo  Pd«ii49  f «r 

L  Steel  Cluumele 


■ttsa 

per  SQ  in.    Beasu  secured  against  yielding  sidewis 

• 

Depth  and  weight  of  sectioas 

f- 

Coeffi- 

, 

" 

%>^ 

12-in 

xo-in 

cient  of 

k 

deflec- 

1 

1 

tion 

'    40    1 

35 

30 

2S 

3C.7 

35 

30 

«S 

20 

15.3 

3 

lb 

lb 

lb 

lb 

lb 

lb 

lb 

lb 

lb 

lb 

181.9 

153^ 

■  *  •  • 

•  •  ■  • 

.... 

§7-9 

164.4 

«3Sa 

105.8 

•     Bat 

7«-4 

•     *     B    • 

•  •  «  • 

I7S.I    ' 

X23.2 
82.x 
6x.6 

XIO.I 

73.4 
55.x 

97.0 
64.7 
48.  s 

0.07 

3     1x6.7 

106.2 
79-7 

95.8 

71.8 

8s. 3 
640 

56.0 
42.6 

47.6 
35.7 

0.15 

4    1  87-5 

56.9 

0.27 

5       70.0 

63.7 

575 

51.2 

455 

49.3 

44.0 

38.8 

33.6 

28.5 

0.4X 

6       S«-4 

53-1 

47.9 

42.7 

38.0 

41.  X 

3«.7 

32.3 

28.0 

23.8 

0.60 

T 

50.0 

4S.5 

41.1 

36.6 

32.S 

352 

3X.S 

27.7 

24.0 

20.4 

0.81 

8 

43.8 

39.8 

3S-9 

32.0 

38.5 

30.8 

27. S 

24.3 

21.0 

17.8 

X.06 

9 

389 

354 

31.9 

28.4 

25.3 

374 

24. 5 

21.6 

I8.7 

IS. 9 

1.34 

10 

3S-0 

31.9 

38.7 

25.6 

22.8 

24.6 

22.0 

19.4 

16.8 

14.3 

1.66 

n    '  31  « 

29.0 

26.1 

23-3 

20.7 

22.4 

20.0 

17.6 

IS. 3 

13.0 

2.00 

12     39.3 

26.6 

23.9 

21.3 

19.0 

20.5 

18.4 

16.2 

14.0 

H.9 

2.38 

a     26.9 

2A.5 

23.1 

X9-7 

X7.S 

X9.0 

16.9 

14.9 

12.9 

XX. 0 

2.80 

u  1  23.0 

'<    22.8 

20.5 

18.3 

16.3 

17.6 

X5.7 

X3.9 

12.0 

10.2 

3.24 

u    .  23-3 

21.2 

19.2 

17. X 

X5.2 

16.4 

14.7 

12.9 

XI. 2 

9.5 

3.7a 

rf  i  «.9 

19.9 

18.0 

x6.o 

X4.2 

15.4 

13-8 

12.  X 

xo.s 

8.9 

4.24 

n 

ao.6 

,   l8.7 

x6.9 

xs.x 

X3.4 

X4.5 

13. 0 

XI. 4 

9.9 

8.4 

4.78 

«8 

195 

17.7 

16.0  ■  X4-2 

X2.7 

13.7 

12. 2 

10.8 

9.3 

7.9 

5.36 

n 

18.4 

x6.8 

iS.i  ,  X3.5 

12. 0 

X3.0 

II. 6 

10.2 

8.8 

7.5 

5.98 

20 
21 

17.5 
16.7 

IS.9 
15-2 

14. 4  .  12.8 

H.4 
X0.8 

12.3 

IX. 0 

9.7 

8.4 

7.x 

6.62 

13.7 

13.3 

11.7 

10.5 

9.2 

8.0 

6.8 

7.30 

.a      15.9 

14.5 

13.1 

XX.6 

10.4 

XX. 2 

10. 0 

8.8 

7.6 

6.5 

8.01 

n  ,  15-2 

13.9 

I3.S 

XX. I 

9.9 

•  •  •  • 

•  •  •  ■ 

•  •  •  • 

•  •  •  « 

•  •  •  • 

8.76 

24 

'  14-6 

13-3       12.0  1 

10.7 

95 

•  •  «  • 
■  ■  •  • 

•  •  •  « 

•  •  •  • 

•  •  •  • 

•  ■  •  • 

•  •  •  • 

•  •  •  ■ 

•  •  »  • 

9.53 

14.0 

1 

12.8 

IX. 5 

X0.3 

9.x 

I0.3S 

*  \  «-5  i 

12. 3 

1 

11. 1 

9.8 

8.8 

■  •  •  • 

i     B     «     ■ 

•  •  •  • 

•  •  •  * 

•  •  •  • 

XX. 19 

Lvdt  abc 

rre  the  upper  heavy 

lines  will  cause  maximuti 

n  allowable  s 

ie$n  in 

*«i».    See. 

also,  paragraphs  in  t 

est  and  foot-note  with  sar 

ne,  page'  567, 

rdating 

teweb-bock 

llzig  in  beams. 

Load*beV 

Diw  the  lower  broken 

L  lines  will  cause  excessive 

deflections 

•fta 

mPock 

et  Coin 

ipanion 

,  Cani4 

(gieSu 

id  Com 

P*ny, 

Pittsbttj 

rgh,Ps 

■• 

««  «      • 


strength  of  Beams  and  Beam  Girder 
Ha  T  *-(ContiB«d).    atteViilfonaLaMUlaUBllaal  i 


iin  btwliag  (U«i,  iSoeo  lb  pet  K|  b. 

B« 

»> 

TURdifn 

n>t 

l-itld 

niiiiln 

»ctio». 

7^n 

denH 

H 

.91 

"At 

lb]  lb 

Uoa 

sofi 
9.» 

11 

.?.5,A? 

89 

48  0 
.*.o 

«;< 

lO.J 

9.6 

40. » 

7  1 

6.6 

9.1 

146 

106 

84 
7.8 

97 

9'i 

6.9 
6.4 

J8.T 

9.6 
86 

T-S 

die 
6.2 

46 

o.6e 
0.81 
.  o« 
I  » 
I  68 
aoo 

J. a* 

- 

6.9 

'^ 

5.6 
S.3 

;:; 

4-T8 

8,8 

6.t 

T-6 

60 

l'6 

SO* 

«6i 

D^tha 

dwe 

ght 

t«c 

tfons 

5.ia 

5-in 

*4n         1         ].m 

15W 

lb 

I'b 

"b' 

8.1 

11 W 

lb   I'b 

7Si 
lb 

6i4 
lb 

Vjlb 

lb 

>< 

tioa 

^i 

*i; 

,;;. 

-ILL 

„..|... 

35 

£2. 

7.1 
S.8 

5.6 

16.9 
17.9 

10!  t 
9.0 

6.< 

s.s 

31 

j'i 

[8  9  118 

76;  6.; 

6,3i  S.J 

'e;- 

3.! 

oCo 

9.9 
B.7 

.1^8 

.1-3 

19 

;:? 

1.(6 

93 

" 

:■' 

:'. 

lo 

M 

\\ 

!1 

lirwt  will  □ 
S«.  ■!».  isngnplu  in  tgit  uid  (ooi 
>bucl[llnE  in  beanu 
di  below  tht  lower  broken  Haw  will  ca 


ith  uroe.  pi>(s  ^.  relat 
■aive  dcflectiom 


■  From  Pocket  ConvuDioii.  CuntKie  Sted  Compwiy.  Pitubunh.  Fi. 
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Ittle  VL*    Safe  Uniform  Locds  in  Units  of  z  ooo  Pounds  for  Stool  H  Bmibw 
y«»s— "»«*  beiuUng  streat,  i6  ooo  lb  per  aq  in^    Socuied  agsiost  yielding  aidewiae 


ft 

Depth  and  weight  of  sectiona 

Coefficients 

S-in 

34-3-lb 

6-in 
34.x-lb 

S-in 
18.9-lb 

4-in 
13. 8.1b 

of 
deflection 

3 
4 

SK.O 

S'-S 

19.0 

14.3 
11.4 

9.5 

8.1 
7.1 

0.15 

' 

^7« 

25. 4 
20.3 

0.27 

c 

32.1 

0.4I 

60iO 

6 

7 
8 

9 

10 

II 
u 

13 

14 

51.3 

44  O 
38.5 
34.2 
30.8 

28.0 

25.6 
23. 7 

26.7 

22.9 

20.1 

17.8 
16.0 

14.6 
13  4 

16.9 

145 
13.7 

II. 3 

10. 1' 

0.60 

0.81 
1.06 

6.3 
5.7 

1.34 
1.66 

9.2 
8.5 

2.00 

2.38 

12.3 

II. 5 

2.80 

3.24 

IS                                    3Q.C 

3.72 

4-24 

i6 

17 

19.2 

'18.1 
17.1 

4.78 

a 

5.36 

".":,. ■•   ■•  1 

TaUo  Vn.t 


Safo  Uniform  Losds  in  Pounds  for  SmsU  Steel  Channels,  or 
Grooved  Steel 
Computed  for  a  fibo'-stresa  of  16  000  lb  per  aq  la 
Secured  against  yielding  sidewiae 


Weight 

Span  in  feet 

Depth, 
in 

per 
foot. 

Ba&bcr 

1 

lb 

2 

2.5 

3 

3.5 

4 

4.5 

5 

6 

2H 

3.80 

3785 

3028 

2523 

2  163 

I  892 

1682 

1514 

I  26] 

a 

3.90 

2560 

2048 

1  706 

1463 

I  280 

I  138 

I  024 

85: 

a 

3.60 

2880 

2304 

I  920 

1643 

1440 

I  280 

I  152 

96< 

3 

3.60 

3120 

2496 

2080 

1783 

1  560 

1386 

I  248 

Z  04( 

3 

2.60 

2256 

1804 

1504 

1289 

I  128 

I  000 

902 

75i 

2 

3.00 

1418 

1134 

945 

810 

709 

630 

567 

AV 

iH 

I-13 

907 

726 

60s 

S18 

454 

403 

363 

30s 

* 

iH 

Z.32 

768 

614 

512 

439 

384 

341 

307 

2S< 

9 

iH 

Z.46 

868 

694 

578 

496 

434 

386 

347 

28c 

10 

iH 

0.94 

475 

380 

316 

271 

237 

211 

190 

n 

iH 

Z.12 

469 

375 

313 

268 

234 

208 

188 

B 

iH 

z.oo 

437 

350 

391 

250 

218 

194 

17S 

Q 

I 

0.83 

336 

368 

334 

192 

Z68 

•  ■  ■  • 

H 

z 

0.66 

266 

312 

177 

153 

133 

•  •  •  • 

Q 

H 

0.67 

224 

180 

149 

128 

112 

•  •  •  • 

A 

^ 

0.69 

229 

183 

15a 

Z30 

■  •  •  • 

■  •  •  • 

X7 

H 

O.S3 

133 

zo6 

88 

•  ■  ■  • 

■  •  ■  • 

*  Fnim  Pocket  Companion,  Carnegie  Steel  Company,  Pittsburgh.  Pa. 
t  CoBBpaed  by  F.  IL  Kiddrr .    See  note  on  page  S70. 


Stnugth  of  Beam*  and  Beam  Girdeis 


Mufmiim 
.pen.  360 
Xdefloclitm 

Si«, 

Thick- 

i-lt 

Muinxun 
.pen.  360 

Xdeflectim 

1      in 

Safe 
load 

Sale 

Length, 

Safe 
l«d 

Safe 

load 

Lengtl 
ft 

6X6 

IXS 
SXS 

sxs 

SXS 
JXS 

SXS 

4X4 

4X4 

4X4 

« 

'A 
'H, 

H 

M. 

H 

■H. 
M 

W. 
W 
J1. 

1*6,99 

IJ0.03 

109-87 
W.6) 
19.18 

i6.si 
81.39 
76.27 

6s!8l 

S4.83 

49.  n 

J7.6S 

81. 87 
SS.S6 

SI.  73 

33^6^ 
39.76 

•9.9T 

23^36 
■8.'67 
13.76 

43 
98 

oS 
6j 

4i 
.« 

S4 

ss 

4a 
ss 
53 

62 

J8 

*9 

8S 
6j 

96 

li 

3»X3!^ 

ill 

SIS!! 

sWXjW 
3WX3H 
3    X3 

11 

3     xl 

2MX1H 

ilis 

I  iXili 

iS 

I    XI 

i4(XiH 
iMXi  t 
tWXiJi 
I'JXi  1 
iJiXi  i 
i«Xi  t 

liiSSi!! 

iKxm 

iMXiW 
iMXD* 

!mx1h 

<« 

At 

rt' 
i 

4 

i 
i 

as 
■9 

i 

i 

39 
49 

76 

53 

2-37 

e'.Al 
o!b8 

It 

0.29 

S:|6 

o.M 
o.si 

:| 

0,2« 

u 

9.T 

Jl 
11 

ii 

|:j 
1:1 

*-4 

3-J 
3.4 

ii 

u 

•  From  Pocket  Companion,  Giinii«ic  Si 


i  Company,  Fittibu|)^  Pk. 


Tables  ot  Safe  La«ds  for  Steel  Beams  and  Girders 

X.*    Sate  trmfann  toadi  Ifl  OaHf  at  i  oao  maO*  ol  8t**l 
wHh  Dd*«wl  L«fl.       (Saa  vf  SM.) 
If  aatnl  A^i  PuiUel  to  Shortar  Les 


lioaiue 

H,i6a 

ulbiiei 

•qin.     Secundu) 

yield! 

«)• 

dewB 

• 

M-dn.™ 

Uuhnnrn 

Q,36o 

IPBD.360 

■  — . 

span 

Xde 

Siie. 

Thick- 

■pan 

deAection 

Safe 

S>te 

Lenrb. 

Safe      S 

ate 

Length. 

loul 

load 

load      1 

>ad 

ft 

J 

.6.17 

7411 

ai  S 

SX3« 

J 

63.M      5 

S7 

15.0 

'M* 

7.W 

6X3li 

'Mt 

79.«     5 

24 

H 

6.» 

6X3H 

T* 

74.4!      4 

90 

'«. 

im.St 

6X3!4 

•»• 

69.BT      4 

S7 

•i 

« 

>«.4S 

s.« 

6X3  H 

6S.OT      4 

'M. 

114. n 

6X3M 

'M. 

60.27      3 

89 

5 

H 

loi.aa 

4^76 

6X3W 

M 

SI.3S    ; 

*<• 

4-30 

flX3>i 

ti< 

H 

ts.ss 

6X1M 

M 

86 

Ji. 

«■■" 

3*7 

n.4 

6X3M 
6X3« 

5). 

40-00    2 
34,67    J 

S2 

K 

I4fi.« 

6X3W 

K> 

83 

^« 

•»• 

usm 

7.<« 

139.9a 

6,63 

^^ 

■«. 

III. 6a 

6-17 

SX4 

M 

53.23      4 

«i 

'«. 

SO 

fccw 

wiss 

199 

*i 

46 

61      3 

46 

hw 

M 

4-7B 

SX4 

■»• 

■9 

1; 

s 

•X3M 

M. 

U93 

4.3> 

JX4 

U 

79      ' 

92 

« 

BCjH 

77.97 

«. 

* 

64 

fctl^i 

JU 

Oe.Bo 

3.» 

».3 

SX4 

53      = 

36 

j^ 

8 

9 

Wl 

.IJ.BS 

SX4 

H 

96   I 

7« 

1C« 

■Ml 

ie6-»7 

XJM 

» 

™.«8 

(]M 

<»• 

M.oS 

S36 

JX3M 

H 

129 

XM 

(i 

87.6a 

SX3M 

'«. 

4B 

85     3 

7« 

XjM 

'Vi. 

I:* 

SXiH 

M 

45 

65      3 

« 

IC3M 

H 

SX3M 

'Ml 

'i 

Xll4 

H« 

«7.5» 

In 

SX3H 

M 

* 

(M 

H 

«o-59 

iS.o 

SX3M 

K. 

6t 

W* 

M. 

S3. 44 

196 

n.i 

SX3« 

H 

31 

S9     I 

36 

tW 

K 

«e.I9 

18. 1 

SX3>4 
SX3« 

Ml 
M 

38 

24 

1«       2 

o» 

n 

U 

>s.ss 

S.S6 

SX3« 

iu 

6^     ' 

'^t 

Bo.e6 

IS.S 

(t 

M 

7«-!n 

Ita 

SX3 

■«. 

b 

'»* 

4.SS 

SX3 

« 

JX3 

'H< 

u 

tM> 

fiilss 

3^K 

)X3 

H 

87      2 

94 

u 

M 

S6.64 

[6,0 

li. 

6S 

b 

»• 

II. sa 

SX3 

14 

H 

(6.19 

a.Bs 

!X3 

M. 

09 

U 

»• 

W-«I 

SX3 

H 

89     ' 

80 

» 

SS.41 

a.  16 

16.4 

JX3 

'^° 

>o,i6  j  I 

S> 

13.4 

m  pQckcl  CompuiSoo.  CaiDcgEe  Steel  CompAuy,  Piltsbtngh.  Pi 
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Strength  of  Beams  and  Beam  Girders 


Chap 


TaUe  IX  *  (Contina^d).    Sale  Uniform  Loads  in  Units  of  i  ooo  Pooadl 
for  Steel  Angles  with  Unequal  Legs.     (See  page  566.) 

Neutral  Axis  Parallel  to  Shorter  Leg 

Mazimam  bending  stress,  16  000  lb  per  sq  in.     Secured  against  yielding  sidewi 


i-ft 

Iiiaximuin 

i-ft 

Maamxi 

Size, 

Thick- 
ness. 

span 

span,  360 
X  deflection 

Size. 

Thick- 
fliess. 

span 

span,  3< 
X  defied 

in 

in 

aa\^90f 
• 

m 

Safe 

Safe 

Length. 

in 

Safe 

Safe 

Lex 

load 

load 

ft 

load 

k>ad 

' 

4HX3 

iMe 

:^.6i 

3.36 

11.5 

3    X2H 

Me 

12.27 

i.W 

J 

4HX3 

H 

36  OS 

3.11 

XI. 6 

3    X2H 

H 

11.09 

1.37 

\ 

4^4X3 

»H« 

33  49 

2.87 

11.7 

3    X2H 

Me 

9.92 

1.33 

\ 

4VtiX3 

H 

30.83 

2.62 

XI. 8 

3    X2V4 

H 

8.64 

1.06 

4HX3 

M« 

28.16 

2.38 

XI.8 

3    X2W 

Me 

7.36 

0.89 

4^^X3 

Vi 

25.28 

2.13 

IX  9 

3    X2H 

y* 

5-97 

0.71 

4^4X3 

Me 

32.40 

1.87 

X2.0 

4HX3 

H 

19  S2 

i.6x 

12.1 

3    X2 

H 

10.67 

I  39 

4HX3 

'>U 

x6.43 

1-35 

12.2 

3    X2 

Me 

9-49 

1.23 

4    XzH 

»f1e 

31.  IS 

2.94 

10.6 

3    X2 

H 

8.32 

I. OS 

4    X3H 

^4 

29  23 

2.73 

10. 7 

3    X2 

Me 

7.04 

0.88 

4    X3H 

^He 

27.20 

2.52 

10. 8 

3    X2 

H 

5.76 

0.71 

4     X3V4 

H 

25.07 

2.30 

10.9 

4     X3^ 

M« 

22.93 

2.08 

XI. 0 

2^4X2 

Vi 

7.47 

1. 15 

4    X3W 

H 

20.69 

X.86 

IX. I 

2HX2 

Me 

6.72 

I.Q3 

4    X3V4 

ht 

18.3s 

1.64 

XI. 2 

2HX2 

H 

5.87 

0.88 

4    X3H 

H 

x6.oo 

1.41 

II. 3 

2^4X2 

Me 

5.01 

0.74 

4    X3W 

Me 

13  44 

1. 18 

XI. 4 

2HX2 

H 

4.0S 

0.59 

4    X3 

»Me 

30.61 

2.97 

X0.3 

2V'2X2 

Me 

3.09 

0.44 

4     X3 

H 

28.59 

2.75 

I0..4 

2ViX2 

>i 

3.13 

0.30 

4     X3 

»H» 

26.56 

2.53 

10.5 

4    X3 

H 

24.53 

2.31 

10.6 

2HXIV6 

Me 

4.69 

0.73 

4    X3 

?<• 

22.40 

a. 09 

10.7 

2HX1W 

W 

3.84 

0.59 

4    X3 

^4 

20.16 

1.87 

X0.8 

aWXiH 

Me 

3.99 

0.45 

4     X3 

li9 

17.93 

1.64 

10.9 

4     X3 

H 

IS.  57 

1.43 

XI. 0 

2HXiV^ 

H 

S.76 

1. 08 

4    X3 

Mo 

13.12 

1.19 

II.O 

mxiH 

Me 

5.12 

0.90 

4    X3 

H 

10.67 

0.96 

XI. I 

2HXi^ 

H 

4-48 

0.77 

3J^X3 

iMe 

23.47 

a.s-r 

9.1 

2V4XiVi 

Me 

384 

0.65 

3HX3 

H 

21.87 

2.38 

9.2 

2HX1H 

H 

3.30 

0.S3 

3^iX3 

»Me 

20.37 

2.19 

9-3 

2KX1H 

Me 

3.45 

0.40 

3UX3 

M 

18.77 

2.00 

9.4 

3V4X3 

M6 

17.17 

1.81 

95 

2  xm 

H 

363 

0.70 

3HX3 

W 

15.47 

1.62 

95 

2    XiVi 

Me 

3.09 

0.S8 

3^4X3 

Me 

13.76 

1.43 

9.6 

2    XiH 

H 

3.56 

0.47 

3HX3 

H 

12.05 

1.24 

9.7 

2  xm 

Me 

1.92 

0.35 

3ViX3 

Me 

10.24 

1.05 

9.8 

2    XiV4 

H 

1.39 

0.24 

3ViX3 

M 

8.32 

0.84 

9.9 

2    XiW 

H 

3.45 

0.47 

3HX2H 

J  He 

19  73 

2.19 

9.0 

2    XiM 

Me 

1.93 

0.36 

3>6X2V^ 

fi 

18.24 

3.00 

91 

3>4X2>4 

Me 

16.64 

1.82 

9X 

iMxm 

H 

1.93 

0.42 

3HXa^ 

H 

IS. 04 

X.63 

9.3 

i^XiH 

Me 

1.49 

0.3a 

3yiX2M 

Me 

13-44 

1.44 

9.3 

iMXiH 

H 

x.oo 

o.ai 

3HX2M 

96 

11.73 

1.24 

9-4 

iHXiH 

Me 

1. 71 

0.44 

Z^^XiH 

Me 

993 

1.04 

9.S 

xHXiH 

H 

1.39 

0.3s 

3J'iX2V6 

H 

8.00 

0  83 

9.6 

iHXxH 

Me 

I.07 

o.a6 

*  From  Pocket  Companion,  Carnegie  Steel  Company*. Pittsbu^h,  Pa. 


Tables  of  Sale  LomAs  for  Stwl  Bctinu  and  Girders 

L*     S^e  UBlfiinii  Load*  Id  Unlt>  at  i  aoo  Ponsdi  for  StMl  , 
with  Dm^wI  Laia.     (Sm  *m*  )M-> 
Knbal  Alia  ftoMtt  to  L«a|w  Lat 


.l-odinatn. 

a.ifi« 

a  lb  per 

•qin.     Saconri  WUB.1  yi= 

idiniiidnrtK 

am. 

TOck- 

i-ft 

ya»mum 
.pan.  360 

X  deflation 

SlH. 

Thi.'k- 

;^ 

Ma>[mam 
>pan.36o 
X  deflection 

Safe 
load 

load 

Length. 
It 

m 

Safe 

Sb[(  jLencth. 
load  I      (I 

, 

9S.IS 

S« 

ITS 

«X3M 

, 

»9.»> 

116 

SXjii 

'*!. 

84  6» 

SXjli 

'K. 

».J6 

6X3H 

M(. 

»i 

17.9 

6Ki>* 

Jl 

6X3>i 

M 

34S 

iBo 

6XjH 

H 

»• 

S696 

rti 

exiM 

W.  . 

IWi 

M 

SI  09 

18  a 

«X3^t 

ma 

>U 

J4T 

1S.3 

«X3)i 
6X3!i 

« 

nuH 

H  ai 

exjsi 

)1. 

«j4 

«• 

»w 

■Xjt 

M 

IS  69 

10.6 

•XJ'^ 

'*(. 

)6.88 

10. T 

JX4 

H 

but 

N 

iXt 

'«. 

kuh 

'M. 

10,9 

SXA 

»ta4 

H 

»i.33 

I  M 

'Ha 

fcU-l 

5X4 

M 

•tl4 

H 

iX4 

Kl'i 

><• 

M-S7 

I.Jli 

.1.3 

»X4 
JX4 

K;3 

'?<• 

J9-8T 

l'^ 

J" 

5X4 

fi 

lO'j 

!s 

38  16 

SX3>i 

« 

K*'! 

>e.4i 

5Xj!i 

'H. 

tl'i 

fi 

10.6 

ixm 

Vi 

M.SJ 

5X3>4 

'«. 

04 

1.9s 

lO.S 

iXiH 

« 

Cl4 

«• 

1. 76 

10.9 

5X3VS 

»ft 

Cj4 

W 

5X311 

[J>i 

is.jfi 

r  j8 

5X3(4 

Ml 

^^ 

H 

1.19 

"■' 

SXjli 
jX3>i 

U 

'*!. 

3S-» 

',i 

jS.16 

5X3 

•?!• 

>Hi 

U»3 

'V 

M 

31.68 

i«9 

■11. 

■Hi 

J9  ** 

11.9 

5X3 

M 

H 

1.36 

5X3 

»• 

»64 

M 

» 

!.&« 

5X3 

^. 

[ 

»• 

I6> 

5X3 

H 

H 

.7-W 

..» 

I..3 

5X3 

M. 

•F 

mPa 

cWCo 

npanic 

o.Canq 

paSudCo 

npwir. 

PitWlHilgh,  Pa. 
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Chafx 


Tabl«  X  *  (C<NitlB««d).    Sale  UaifonB  Loads  in  Unita  of  x  mo  Pooadtfi 
Steel  Ancles  with  Unequal  L^gs.     (See  page  566.) 

Neotral  A^s  Paeallel  to  Longv  Leg 

Maxinmm  bending  streM.  x6  000  lb  per  tq  in.    Secured  against  yiekUng  adewia 


Size. 

Thick- 

n«S88* 

i-ft 
span 

Maximum 

span,  360 

X  deflection 

Size. 

Thick- 

i-ft 
span 

Maximw 

span.  36 

Xdeflaoti 

in 

• 

in 

• 

in 

Safe 

Safe 

Length, 

in 

Safe 

Safe   : 

Lem 

load 

load 

ft 

load 

load 

f 

4ViX3 

»M6 

18.24 

2.15 

8.5 

3    X2H 

Me 

8.75 

1.25 

4^X3 

?< 

17.07 

1.99 

8.6 

3    X2H 

H 

7.89 

1.12 

4^iX3 

»He 

1S.«9 

1.83 

8.7 

3    X2Vi 

Me 

7. 04 

0.99 

4^4X3 

H 

14 .61 

1.67 

8.8 

3    X2M 

H 

6.19 

0.8s 

4WX3 

^e 

13.33 

1.51 

8.8 

3    X2H 

Me 

S.23 

0.72 

4HX3 

Vi 

12.05 

1.35 

8.9 

3    X2H 

H 

4.27 

0.5S 

4^^X3 

Me 

10.77 

1.19 

9.0 

4V4X3 

H 

939 

1.03 

91 

3    X2 

W 

5.01 

0.88 

4WX3 

Me 

8.00 

0.87 

9.2 

3    X2 

Me 

4.48 

0.77 

4    X3\i 

»M» 

24.53 

2.56 

9.6 

3    X2 

H 

395 

0.67 

4    X3W 

H 

22.93 

2.37 

9.7 

3    X2 

Me 

3  41 

057 

4    X3V4 

»He 

21.3.1 

2.18 

9.8 

3    X2 

K 

2.n 

0.46 

4    X3W 

H 

19.63 

1.98 

99 

4     X3V4 

Me 

17.92 

1.79 

10.0 

2HX2 

W 

4.91 

0.89 

1 

4    X3^ 

H 

16.21 

1.60 

10.1 

2WX2 

Me 

4.37 

0.7S 

1 

4    X3Vi 

Me 

14.40 

1.41 

10.2 

2HX2 

H 

3.84 

0.67 

1 

• 

4    X3V4 

H 

12.59 

1.22 

10.3 

2HX2 

Me 

3.31 

057 

1 

4    X3V4 

Me 

10.67 

1.03 

10.4 

2^X2 

H 

a.67 

0.46 

• 

4    X3 

»Me 

17.92 

2.15 

8.3 

2^X2 

Me 

2.13 

0.35 

i 

4    X3 

H 

16.7s 

199 

8.4 

2^4X2 

H 

1-49 

0.23 

{ 

4     X3 

»Me 

IS.  57 

1.83 

8.5 

4    /  %.   ^        a    # 

m  y 

^ 

4     X3 

H 

14.40 

1.67 

8.6 

2HXil'4 

Me 

1.81 

0.41 

4     X3 

Me 

13. 12 

1.51 

8.7 

2ViXiVi 

1.49 

0.33 

4     X3 

H 

11.84 

1.35 

8.8 

2V4XiH 

Me 

1.17 

0.25 

4    X3 
4    X3 
4    X3 
4     X3 
3ViX3 
3V4X3 
3WX3 

Me 

Me 

H 

»Me 

94 

»He 

10.56 
9.28 

7.89 

6.40 

17.60 

16.43 

15.36 

1.19 

1.03 
0.87 
0.70 

2.17 

2.61 
1.85 

8.9 

8.9 
9.0 

9.1 
8.1 
8.2 
8.3 

2MXiVi 
2HXiH 
2j4XiVi 
aHXi^i 
2MX1V4 
2^XiH 

Me 

H 

Me 

H 

Me 

2.77 
2.45 
2.13 
1.81 
1.49 
1-17 

0.67 
0.58 
0.50 
0.41 

0.33 
0.25 

3V^X3 

H 

14.19 

1.69 

8.4 

2    XiH 

H 

2  13 

0.51 

3HX3 

Me 

12.91 

1.52 

8.5 

2    XiH 

Me 

1.81 

0.43 

3WX3 

H 

11.73 

1.36 

8.6 

2    XiM 

H 

t-49 

0.34 

3WX3 

Me 

10.45 

1.20 

8.7 

2    XiH 

Me 

1. 17 

0.2^ 

3HX3 

H 

907 

1.04 

8.7 

2    XiVi 

H 

0.80 

0.17 

3HX3 

Me 

7.68 

0.87 

8.8 

2    XiH 

H 

1.04 

-^  *  ^  s 

0.28 

3WX3 

M 

6.19 

0.70 

8.9 

2    XiH 

Me 

0.80 

0.21 

3WX2Vi 

»M6 

10.56 

1. 51 

7.0 

3V^X2V4 

H 

9.81 

1.39 

7.1 

iMXiM 

H 

1. 01 

o.aS 

3V^X2^ 

Me 

8.96 

1.26 

7.1 

iMXiH 

Me 

0.80 

0.22 

3WX2H 

H 

8.11 

X.13 

7.2 

iMXiH 

H 

0.56 

O.X5 

3WX2H 

Me 

7.25 

0.99 

7.3 

3WX2H 

H 

6.29 

0.85 

7.4 

iViXiW 

Ms 

I.X7 

0.34 

3V^X2H 

Me 

533 

0.71 

7.S 

iWXiH 

H 

0.99 

0.28 

■ 

3HX2j^4 

M 

4.37 

0.58 

7.6 

iHXiW 

Me 

0.78 

0.32 

*  From  Pocket  Companion,  Carnegie  Steel  Company,  Pittsbugh,  Pk. 


mni 


I 


Tables  of  Safe  Loads  for  Steel  Beams  and  Girders 


hlbXL*    Sflfe  UaifofB  La«4«  ia  QSnUi  iili*ooI%nd«for«lMlTM 
]ff«utndAsi»JP«f^|Mt»Fku^Di,    (Sm  ytge  sfi6.) 
UaaBnm  bendiog  itms.  t6  ooo  lb  per  sq  tt*    Scciued  Bgftinft  yfeldiag  sidei 

BQITAI.  SLAITOB  AND  Smi 


f 

Uaximum 

Mazta 

Sbe 

Wttgbt 

l-ft 
span 

span,  360 
X  deflec- 

Siw 

Weight 

I-ft 
apan 

span 
Xde 

pa- 

tion 

per 

tic 

foot, 
lb 

foot, 
lb 

^Tase!  Stem 

Safe 

Safe 

L'gth 

Plnge 

Stem 

Safe 

Safe 

• 

in 

load 

load 

ft 

in 

in 

load 

load 
0.69 

6H 

19 .8 

5a. 80 

X9.I 

ihi 

2H 

4.9 

4.3r 

4     1    4 

13-5 

ai.ss 

1'^ 

XI. 4 

m 

2H 

4.1 

3.4X 

0.53 

*     I    * 

lo.S 

16.8s 

1. 45 

11.6 

2 

2 

4-3 

3.3X 

0.59 

3H 

3W 

11.7 

16.32 

1.65 

9.9 

2 

2 

3.56 

a. 77 

0.49 

Sh 

3W 

9.2 

12.69 

1.27 

10. 0 

iH 

iH 

3.09 

2.03 

0.41 

3 

3 

99 

11.73 

1.41 

8.3 

iW 

iH 

3.47 

1.49 

0.36 

i         3 

8.9 

10.45 

1.24 

8.4 

iH 

tH 

I  94 

1.17 

0,27 

1     1    3 

7.8 

9.17 

1.06 

8.5 

iW 

iM 

2.02 

1. 01 

030 

i         3 

6.7 

7.«9 

0.93 

8.6 

iH 

xH 

1.59 

0.78 

0.22 

14  '    2\it 

6.4 

6.29 

0.90 

7-0 

I 

z 

1.25 

0.49 

O.xS 

iH  '     2W 

SS 

533 

0.75 

7.1 

I 

X 

0.89 

0.35 

0.X2 

ihi\     2H 

1              1 

4.9 

4.37 

0.69 

6.3 

•  •  •  • 

•    •    •   • 



•    ■    • 

UNEQUAL  VJJLNGS  AND  STEM 


Size 


a    i 


4H1 
Hi 

M 

H 


3h 


Stem 
in 

3 

2Vi 

3^ 

3 

3 

2H 

2^5 

5 

5 

4W 

4^ 

3 

3 

2H 
2^ 

2 
M 
4 
4 


i-ft 

Weight 

span 

per 

foot. 

lb 

Safe 

load 

13.4 

11.41 

X0.9 

8.96 

15.7 

22.7a 

9.8 

9.71 

8.4 

8.32 

9.2 

6.72 

7.8 

5-76 

IS. 3 

33  39 

IX. 9 

as.  9a 

14.4 

27.09 

IX. 2 

21.12 

9.2 

9.60 

7.8 

8. 21 

8.5 

6.61 

7.2 

5.6s 

7.8 

4.27 

6.7 

3.63 

Z2.6 

21.12 

98 

X6.S3 

Mazimiun 

span,  360 
X  deflec- 
tion 


Safe 

L'gth 

load 

ft 

1.25 

9.x 

1.20 

75 

2.37 

9.6 

X.07 

9X 

0.90 

9.2 

0.87 

7.7 

0-74 

7.8 

2.40 

X3.9 

1.84 

14.  X 

2.15 

13.6 

1.65 

13.8 

x.oB 

8.9 

0.90 

9-1 

0.87 

7.6 

0.73 

7.7 

•0.70 

6.1 

0.59 

6.2 

1.90 

Hi  I 

X.46 

XI.8 

Bile 


Plnge 


in 


3H 
3^i 

3 
3 
3 
3 
3 
3 
3 
3 

2H 
3^ 

2W 

3 

iW 

iH 
xM 


Stem 
in 


3 
3 
3 

4 

4 

4 

3\i 

3\i 

3H 

2H 

2^ 

3 
3 

iH 

2 

xM 
H 


Weight 

per 

foot, 

lb 


10. 8 
8.5 
75 

II  .7 

10. 5 
9.3 

10.8 
9.7 
8.5 
7.1 
6.1 

7.x 
6.x 
2.87 
3-09 
3.45 
1.35 
0.88 


i-lt 

span 


Safe 
load 


12.05 
9-49 
9-07 

20.69 

18.35 
16. zi 

IS. 89 

14- 19 

12.37 

6.40 

5. 55 
8.96 
7.68 

0.93 
1.60 

2.03 
0.57 
0.14 


Maxiz 

span, 

Xde 

tic 


Safe 
load 


1 


1.4a 

I.OQi 
1.04 
1.9a 
1.66 

1.47 
X.66 

1.46 

1. 26 

0.89 
0.76 
X.08 

0.9X 

0.35 
0.36 

0.37 

o.is 
0.07 


Ffom  FodECt  Companion,  Carnegie  Steel  Company,   Pittsbui:gh,  Pa, 


592  Strength  of  Beams,  and  Beam  Giidera  Chap. 

BethlehMii  I  Beaois.*    BEtHUonA  Z  beams  from  8  to  94  in  in  depcli 

elusive,  have  the  same  strength,  or  section-modulus,  as  Standard  beams  of 
same  depth.  Bethlehem  beams,  due  to  the  proportions  of  the  sections^  "m 
generally  10%  less  than  standard  beams  of  the  same  depth  and  strength, 
example  (Table  VI,  page  357),  a  Bethlehem  15-in  I  beam,  weighing  54  lb 
ft,  has  a  section-modulus  of  8X.3.  The  corresponding  standard  section  (,1l 
IV,  page  354)  is  a  15-in  I  beam  weighing  60.8  lb  per  ft,  with  a  section^mod 
of  81.2.  Therefore,  for  equal  strength,  the  Bethlehem  beam  weighs  6.8  lb  p 
less  than  the  standard  beam,  or  saving  over  10%  in  weight.  Similar  < 
parisons  with  other  sizes  of  the  standard  beams  previously  rolled  by  the  j 
of  this  country  show  that  the  Bethlehem  I  beams  afford  an  equal  caxx 
capacity,  but  with  practically  10%  less  weight  of  metal. 

Thickness  of  Webs  and  Flanges.  It  is  claimed  that  the  webs  of  stan 
beams  are  much  thicker  than  required  for  a  scientifically  proportioned  sec 
It  is  impossible  to  reduce  the  web-thickkess  in  the  ordinary  mill,  but 
the  Grey  Mill  webs  of  the  desired  thickness  can  be  produced.  By  addin 
the  FLANGES  part  of  the  metal  thus  saved,  the  strength  of  the  beam  is  n 
tained,  thereby  affording  a  lighter  section  of  the  same  strength.  Tlie  ^ 
FLANGES  give  increased  lateral  stiffness,  which  commends  the  use  of  suck  \n 
in  many  cases,  where  the  narkow  flanges  and  lack  of  sufficient  lateral  rig 
prevent  the  use  of  ordinary  standard  beams. 

Depth  and  Weight  of  Bethlehem  Beams.     Formerly  the  heaviest  b* 

rolled  in  this  country  were  24  in  deep,  weighed  1x5  lb  per  ft,  and  had  a  sec 
modulus  of  246.3.  Whenever  greater  strength  was  required,  a  riveted  s 
was  necessary.  Bethlehem  beams  are  rolled  to  a  maximum  depth  of  3 
weigh  200  lb  per  ft,  and  have  a  section-modulus  of  610,  or  two  and  one 
times  the  strength  of  the  largest  beam  previously  rolled.  The  opportunit; 
using  ROLLED  BEAMS  instead  of  built-itp  kivbted  girders  is,  therefore,  gr 
increased.  These  rolled  beams  and  girders  afford  a  saving  in  weight  of  m 
and  also  a  large  economy  in  cost  of  fabrication,  as  they  do  not  requir 
punching,  assembling  and  riveting  neceasary  for  building  a  riveted  j^iider 

Bethlehem  Girder  Beams.*  Bethleeem  girder  beams,  from  8  to  : 
in  depth,  inclusive,  have  a  strength,  or  section-modulus,  equal  to  that  ol 
minimum-weight  standard  I  beams  of  the  same  depth.  The  girder  b 
however,  weighs  generally  i2V^%  less  than  the  combined  weight  of  the 
standard  beams,  not  considering  the  saving  in  weight  of  separators  needle 
assembling  the  standard  beams  into  a  girder.  For  example,  a  Bethlebem 
girder  beam,  weighing  73  lb  per  ft  has  a  section-modulus  of  11 7.8  (liable 
P^Se  358).  Two  standard  15-in  I  beams,  each  weighing  43  lb  per  ft, 
together  a  like  section-modulus  of  11 7.8  (Table  IV,  page  354).  Thus,  for  < 
depth  and  strength,  the  girder  beam  weighs  11  lb  per  ft  less  than  tht 
standard  beams.  This  is  a  saving  of  13%  in  weight,  not  including  sepajra 
which  would  add  at  least  2H  lb  per  ft  more  to  the  weight  of  the  assen 
girder.  In  this  case  a  total  saving  of  16%  in  weight  is  afforded  by  tbe  Be 
hem  girder  beam,  besides  the  saving  in  the  cost  of  assembling  the  stnn 
beams  into  a  girder. 

Safe  Uniformly  Distributed  Loads  for  Bethlehem  I  Beams  and  Gj 
Beams.  Tables  XII  *  and  XIII,*  pages  594  to  602,  give  the  safe  ttkivoi 
DISTRIBUTED  LOADS  in  tons  of  2  ooo  lb.  On  Bethlehem  girder  beams  and  X  b 
for  a  maximum  fiber-stress  of  16  000  lb  per  sq  in.    The  tabular  loads  in 

*  Adapted  by  i>snni8uon  from  the  Catalogue  of  Bethldiem  Structoxal  Shwpf,  Bi 
hea  Steel  Con&pany,  South  Bethlehem,  Pa. 


Oblique  Loading  of  Angles  Used  as  Beams 
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of  the  beam,  which  must  be  deducted  to  obtain  the  net  load  a  beam 
IM  support.  Safe  loads  for  intekmbdiaib  or  heavier  weights  of  beams  can 
\  obtained  from  the  separate  column  of  corhections,  given  for  each  size 
is  hst  column  of  the  table  states  the  increase  in  safe  load  for  each  pound 
iooease  in  weight  per  foot  of  beam.  If  the  load  is  concentrated  at  the 
or  THE  SPAN,  the  safe  load  is  one-half  the  safe  uniformly  distributed 
{or  the  same  span.  The  saje  loads  on  short  spans  may  be  limited  by 
shearing  strength  of  the  web,  instead  of  by  the  maximum  hber*stresa 
in  the  flanges.  This  limit  is  indicated  in  the  tables  by  the  heavy  hori- 
Unes.  The  loads  given  above  these  lines  are  greater  than  the  SAf  e  crip- 
or  BUCKr.TNG  strength  of  the  web,  and  must  not  be  used  unless  the 
are  stiffened  *  In  such  cases  it  will  generally  be  advisable  to  select  a 
beam  with  a  thicker  web.  To  use  these  tables  for  other  spans,  or  for 
distrifoution  of  the  loading,  see  explanation,  page  566.  To  use  these  tables 
hcuns  TiELDiMG  LATERALLY,  See  Lateral  Deflection,  pages  566  and  670. 


ilfiqaa  Loading  of  Angles  Used 


t 

Obfiqve  Loading  of  Purlins  on 
Roofs.      (See,   also,    pages 
1 169  and   IK 70.)     The  preceding 
VIII,  DC  and  X  for  safe  loads 
baaed  on  the  neutral 
being  parallel  to  one  of  the  legs, 
this  is  not  the  case,  as  in  roof- 
I  (Fig.  10),  the  strength  of  a 
angle  may  be  found  by  takmg 
leclBoa-niodulus  from  Table  XI A 
osng  the  fundamental  formula 
flezisie  (page  557).    It  should  be 
that  purlins  set  as  at  (a)  are 
than  (ft).  Fig.  9a. 


Fig.  9a.    Strong   and  Weak   Setting   cf 
Angle-Purlins  on  Sloping  Roofs 


XI  A*     Sectktt-Modali  of  Angle-Porlina  Set  at  Right-Anglea  to  Rafters, 
ni  (a)  Fic^  tA,  and  Free  to  Move  in  Any  Direction.    Loading  Vertical. 


Purlin 


H  angl«.. 
K  angle. . 
H  angle.. 
H  angle. . 
H  angle., 
H  angle. . 
H  angle. 
H  angle., 
^^aiueie.. 

X  Ma  angle. 
X  Wangle.. 
X  Hangie.. 
X  Hanirle.. 


o.x8 
0.30 
0.3X 
0.43 
0.44 
0.64 
0.56 
0.84 

0.75 
I. II 
1.48 
1.76 
2.50 
3.301 


Slope  of  roof  in  inches  per  foot 


0.19 
0.31 
0.3a 

0.44 
C.46 

0.67 
O.S9 
0.89 
0.80 
i.x8 

1. 55 
1.86 
3.66 
3.52 


o.ao 
0.33 
0.33 
0.46 

0.49 
0.71 
0.64 
0.96 
0.86 
X.26 
1.66 

1.99 
3.87 
3.79 


0.33 
0.38 

0.37 
0.53 
0.56 
0.83 
0-76 

I  14 

Z.02 

1.47 
1.96 
2-34 
3. 41 

4  52 


0.34 
0.41 

0.39 
0.55 
0.60 
0.89 
0.83 

1.23 
I. II 
1.58 
2.12 
3.53 
3.70 
4.84 


6 


0.36 

0.44 
0.43 
0.60 
0.65 

0.95 
0.89 
1.29 

X.18 
1.70 
2.3b 
2.71 
4.00 
S.x8 


tFtaaNotca 


and  foot-note,  page  567,  relating  to  web-buckling  of 
tiy  Robins  Fleaiing. 


beams. 


8 


0.31 

0.49 
0.48 
0.68 

0.74 
x.c6 

0.84 


19 
,27 
76 
06 
42 
17 


4.09 
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Sti9  Uatfona  Loads  in  Tmh  «f  a 


Chap. 


for  BeCilehMa 


Beams  secured  aipunst  3ridding 


Span. 

ft 


x8 

19 

ao 

21 
22 
23 
24 
25 

26 

27 

28 

39 

30 

31 
32 
33 
34 
35 

36 

37 
38 

39 

40 

41 
42 
43 
44 
45 

46 
47 
48 


acHiiiC 


I 

1  Add  for 


Gaoa 


2oolb 


180.75 
171.24 
102.68 

154-93 
147.89 
14x46 
135.56 
130.14 

125- 14 
120.90 

U6.20 

n2.i9 
108.45 

104.95 
101.67 

98.59 
95.69 
92.96 

90.38 
87.93 
85.62 

83.42 
81.34 

7935 
77.47 
75.66 

73.94 
72.30 

70.73 
69.22 

67.78 


G30 


x8oIb 


161.87 
15335 
145.68 

138.74 
132.44 
126.68 
121.40 
116.55 

1x2.06 

107.91 
104.06 

100.47 

97. 12 

93.99 
91.0s 

88.2$ 

85.70 
83.2s 

80.93 
78.7s 

76.67 

74.71 
72.84 

7X.o6 

69.37 
67.76 
66.22 
64.75 

63.34 
61.99 
60.70 


each  lb 
increase 

G2Sa 

in 

weight 

180  lb 

0.44 

153- 75 

0.41 

145.66 

0.39 

138.38 

0.37 

131.79 

0.36 

125.80 

0.34 

120.33 

0.33 

115-31 

0.31 

110.70 

0.30 

106.44 

0.29 

102.50 

0.28 

98.84 

0.27 

95.43 

0.26 

92.2s 

0.25 

89.27 

0.25 

86.48 

0.24 

83.86 

0.23 

81.40 

0.22 

79.07 

0.22 

76.88 

0.2E 

74.80 

0.21 

72.83 

0.20 

70.96 

0.20 

69.19 

0.19 

67.50 

0.19 

65.89 

0.18 

64.36 

o.x8 

62.90 

0.X7 

61.50 

0.17 

60.  x6 

0.17 

58.88 

0.16 

57.66 

28-iaG      I 

-I 

I 


Add  lor 
lb 


a6>iaG 


G28     increase    Ga6  a  (    G26 


;  i6s  lb 

I 

.138.89 

131.58 


125.00 


I 

I 

.119.05 
,113-64 
108.70 

i 104. 17 

100  .,00 

96.16 
92.60 

89.29 
86.21 

83.34 

80.65 

78.13 
75-76 
73- S3 
71.43 

69.4s 
67.57 

65.79 
64.10 
62.56 

60.98 
5953 
58.14 
56.82 

55.56 

54.35 

53.19 
52.09 


in 


0.35 
0.33 
0.32 
0.31 
0.29 

0.28 
0.27 
o.a6 
0.2s 

0.24 

0.24 
0.23 
0.22 

0.22 
0.21 

o.ao 
0.20 
0.19 
0.J9 
0.18 


18 
17 
17 
17 
16 


0.16 
0.16 
0.15 


I 

160  lb  150  lb 


128. XI 


117.47 


0.41 

0.39  121.37  111.29 

0.37  '115.30  105.72 


;  109.81 

104.82 

100.26 

96.08 

92.24 

88.69 

85.41 
8S.36 

7952 
76.87 

74.39 
72.06 
69.88 
67.82 
65.88 

64.0s 
62.32 

60.68 
59  13 
57.65 

56.24 
54.90 
53.63 
52.41 
51.24 

50.13 
49.06 

48.04 


100.69 
96.XI 
91.93 
88.10 
84.58 

81.32 

78.31 
75. 52 
72.91 
70.48 

68.21 
66.08 
64.07 
62.19 

60.41 

58.73 
57.15 
55.64 

54-22 

52.86 

51. S7 

50.34 
49.17 
48.06 

46.99 

45.97 
44.99 
44.05 


Safe  loads  given  include  weight  of  beam 

Maximtun  fiber-stress,  16  000  lb  per  sq  in 

The  8ection«nttmbers  are  given  for  convenience  in  ideatificatioa  and  atdm 
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ThMe  xn  (CoatteiMd).    St^  Uatfarai  LoAdi  la  T^tti  «l  a  oeo  Pooada 

for  BtthMmi  Ointor  Bmubs 


"i^n^w  twnifftd  npif«>ft 


tkkfwiM 


24-in  G 

20-inG 

x8-inG 

Add  for 
each  lb 

Add  for 
each  lb 

Add  for 
each  lb 

Spam 

ft 

Gxia 

G24 

hicrease 

Gfloa 

Gao 

increase 

GtS 

increase 

in 

weight 

in 
weight 

in 
weight 

■ 

140  lb 

120  lb 

140  lb 

xxalb 

93  lb 

13 

155J6z 

143.64 

133.60 
123.33 

0.53 
0.48 

130.43 

104.09 

0.44 

0.40 

^.59 

0.39 
0.36 

13 

xao.40 

96.09 

72.54 

M 

133.38 

114-Sa 

0.45 

1IX.80 

8923 

0.37 

67.36 

0.34 

XS 

xa4.48 

106.88 
100.20 

0.43 

0.39 
0.37 

104.34 

97.83 
92.07 

83.28 

78.07 
73  48 

035 

0.33 
0.31 

62.87 

58.94 

55.47 

0.31 

0.39 
0.28 

i6 

X16.71 
109.  S4 

17 

94-31 

iS         103.74 

89.07 

0.35 

86.95 

69.40 

0.29 

52.39 

0.26 

19           98.28 

84.38 

0.33 

82. 3B 

65.74 

0.28 

49.63 

0.25 

20      .     93-37 

80.  x6 

0.31 

78.26 

62.46 

0.26 

47.15 

0.24 

n      1     88.92 

76.35 

0.30 

74.53 

5948 

0.25 

44.91 

0.22 

22      1     84.88 

72.88 

0.39 

71.14 

56.78 

0.24 

42.87 

0.21 

23      *    Sx.X9 

69.71 

0.27 

68.05 

54.31 

0.23 

41.00 

0.20 

24     ;    77.80 

66.80 

0.36 

65.22 

52.05 

0.22 

3939 

0.20 

25 

74.69 

64. 15 

0.25 

62.6X 

49.97 

0.3X 

37.72 

0.19 

26 

71.82 

61.66 

0.24 

60.  ao 

48.04 

0.20 

36.27 

o.x8 

27 

69.16 

5938 

0.23 

57-97 

45.26 

0.19 

34.93 

0.17 

2t 

66.69 

57.26 

0.22 

55-90 

44.6X 

0.19 

3368 

0.17 

39 

64.39 

55.39 

0.22 

53-97 

43.07 

o.x8 

33.52 

0.16 

30 

60.24 

53-44 

0.21 

52.17 

41.64 

0.17 

31.43 

o.x6 

31      !    6»-34 

51.73 

0.20 

SO.  49 

40.30 

0.17 

30.43 

0.15 

32 

S8.3S 

50.10 

0.20 

48.9X 

39-04 

0.16 

39. 47 

0.15 

33 

56.58 

48.58 

0.19 

47.43 

37.85 

0,16 

28.58 

O.X4 

34 

5493 

47. 15 

o.x8 

46.04 

36.74 

o.is 

27.74 

0.14 

35 

53.35 

45.81 

o.x8 

44.73 

35.69 

o.is 

36.94 

0.13 

36 

51. 87 

44.54 

0.17 

43.48 

34-70 

O.IS 

36.30 

0.13 

37 

50-47 

43.33 

0.17 

42.30 

33-76 

0.X4 

25.49 

0.13 

31 

49. 14 

43.19 

0.17 

41.19 

33.87 

O.X4 

24.83 

0.12 

39      .    47.88 

41.11 

o.x6 

40.13 

33.03 

0.13 

24.18 

0.12 

40          46.66 

40.08 

o.x6 

39.13 

31-23 

0.13 

23.58 

0.X2 

1 

Safe  loads  gxv 

en  incla( 

le  weight 

of  beam 

.    Maxixr 

mm  fiber.« 

itress,  16 

000  lb  per 

1    "10 

1      Loads  given  a 

bove  the 

heavy  lln 

esaregn 

iatertha] 

n  safe  loads 

I  for  web 

■crippling. 

)   See  paraerapht 
'    oCbeams 

and  aocG 

impanyini 

{  foot-nol 

te,  page 

567,  relatixi 

Lg  to  web 

hbuckHng 

^M^^  ■  ■      ^  ^^^^^m  ^^^^»« 

• 

9Uk  loads  ffv 
oftiK  smn 

■en  belov 

r  thelowe 

r,  broikex 

1  line  cat 

lae  deflect! 

ons  exoe< 

Kttn«M«o 

Tba  tectioii-ni 

Embers  a 

ire  given  i 

orconve 

oiencein 

identifical 

tion  and 

ordering 

of  Beams  and  Beam  Girders 


T«iil«  Xn  (CoatlBtt«d).    Safe  Unifom  Loads  in  Tons  ol 

for  Botblohem  Girdor  Beans 


Beams  secufod  against  yielding  sidowise 

xs-in  G 

la-in  G           1 

Span. 

ft 

Add  for 
each  lb 

A 

M 

Gx5b 

Gisa 

Gl5 

increase 

in 
weight 

Gi3a 

Gl3 

^ 

J 

140  lb 

104  lb 

73  lb 

70  lb 

55  lb 

_J 

10 
IX 

1x3.26 
102.96 

86.76 
78.88 

63.83 

0.39 
0.36 

47.89 
43  54 

38-40 
34-91 

"1 

57.12 

^1 

Z2 

94.38 

73.30 

53.36 

0.33 

3991 

33.00 

a 

13 

87.12 

66.74 

48.3.1 

0.30 

36.84 

29  54 

■ 

14 

80.90 

61.97 

44.88 

0.38 

34.31 

27.43 

M 

IS 

75.  SI 

57.84 

41.89 

0.36 

31.93 

35.60 

^ 

X6 

70.79 

54.33 

39  27 

0.35 

29.93 

24.00 

J 

17 

66.62 

51  04 

36.96 

0.33 

38.17 

22-59    ■      (i 

X8 

63.92 

48.30 

34.91 

0.33 

36.61 

21.33  :    ol 

19 

59  61 

45.67 

33.07 

0.3X 

35. 31 

ao.2i    I      <4 

20 

S6.63 

43.38 

31.43 

0.30 

23  95 

X9-20 

i 

21 

5393 

41.33 

39.92 

0.19 

33.81 

18.38 

oJ 

22 

51.48 

39  44 

38.56 

0.18 

31.77 

17-45 

o.i 

23 

49.24 

37.73 

37.33 

0.17 

30.83 

16.69 

0.1 

24 
25 

47.19 
45.30 

36.  IS 

34.71 

36.18 
35.13 

o.z6 
0.16 

19.9s 

16.00 

0.: 

19.16 

X5-36 

0. 

26 

43.56 

33.37 

34.17 

0.15 

18.43 

14. 77 

0. 

27 

41.9s 

33.13 

33.37 

0.15 

17.74 

X4-22 

0. 

28 

40.45 

30.99 

33.44 

0.14 

17.10 

13.71 

0. 

29 

3905 

29.92 

31.67 

0.X4 

16.51 

13.24 

0. 

30 
31 

37_.7S_ 

28.92 

_30^94_ 

0.X3 
0.13 

IS.96 
IS.  45 

12.80 
12.39 

0. 

36.54 

27.99 

30.37 

0 

32 

3539 

37.11 

19.63 

0.13 

U.97 

12.00 

0 

33 

34.32 

36.39 

19.04 

0.13 

14.51 

IX.64 

0 

34 

33.31 

35.  S3 

18.48 

0.X3 

14.09 

IX. 29 

0 

35 

33.36 

24.79 

17.95 

O.II 

13.68 

10.97 

0 

Safe  loads  given  include  weight  of  beam.    Maximum  fiber-stress.  x6  000  I 
sq  in 

Load  given  above  the  heavy  line  is  greater  than  a  safe  load  for  wetx:ripi 
See  paragraphs  and  accompanying  foot-note,  page  567,  relating  to  we1>-buc 
of  beams. 
Safe  loads  given  below  the  lower,  broken  lines  cause  deflections 
*  of  the  span, 
t      The  section-numbers  are  given  for  convenience  in  identification  and 
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IiUa  Zn  (Coatfauwd).    Safe  Uvifmi  Losds  in  Tou  of  s  000  FMuUto 

for  BethlelMai  Oirtfer  Boftms 

Bcamo  secured  egalost  yidding  sidewne 


10-inG 

Add  for 

Span, 
ft 

^inG 

Add  for 
each  lb 
increase 

in 
weight 

8-inG 

Add  for 
each  lb 
increase 

in 
weight 

S?aa. 
ft 

Gio 

each  lb 
increase 

in 
weight 

G9 

G8 

44  lb 

381b 

33.5  lb 

10 

XX 

26.0s 
23-68 

0.26 

0.24 

0.22 

0.20 
0.19 
0.17 

o.x6 
0.X5 
0.15 
0.14 
0.13 

0.12 

0.12 
0.11 

O.II 

0.10 
0.10 

O.IO 

0.09 
0.09 
0.09 

0.08 
0.08 
0.06 
0.08 
0.07 

5 

6 

7 

8 

9 
10 

11 
12 

13 

14 
15 

16 

17 
18 

19 
ao 

21 
93 
23 
24 
as 

26 

97 

28 

39 

30 

40.50 

3375 
38.93 

0.47 

0.39 

0.34 
0.29 
0.26 
0.23 

0.21 
0.20 
0.18 
0.17 
0.16 

0.15 

0.14 
0.13 
0.12 
0.12 

0.11 

O.II 
O.IO 
O.IO 

0.09 

0.09 
0.09 
0.08 
0.08 
0.07 

30.51 
35.43 

0.43 

0.3s 

0.30 

0.36 

0.33 
0.21 

0.19 
0.17 
o.x6 
0.15 
0.14 

0.13 

O.I3 
0.13 

0.11 
0.10 

O.IO 
0.09 
0.09 
0.08 
0.08 

13      ,       21. 71 

21.79 

19.07 
16.9s 
15.25 

13.87 

12.71 

11.73 
10.90 

10.17 
953 

13 
14 
IS 

x6 

17 
18 

31 
22 
23 
»4 

26 

»7 

as 

29 

30 

31 
3> 
33 
34 

as 

20. 04 
18.61 
17.37 

16.28 
15.32 
14.47 
13.71 
13  03 

12.40 
IX. 84 

11.33 

10.85 
10.43 

10.02 

9-65 
9.30 

8.98 
8.66 

8.40 
8.14 
7.89 
7.66 

7.44 

25.31 
22.50 
30.25 

18.41 
16.88 
15.58 
14.47 
13.50 

12.66 

11.91 
11.35 

"iora" 
10.13 

9.64 

9.21 

8.80 
8.44 

8.10 

7.79 
750 
7.33 
6.98 

6.75 

8.97 
8.47 

8.03 
7.63 

7.26 

6.93 
6.63 
6.36 
6.10 

Sale  loads  given  include  weight  of  beam.    Maximum  fiber-stress,  x6  000  lb  per 
sqm 

l^Mds  given  abore  the  heavy  lines  are  gresiter  than  safe  loads  for  web-crippHng. 
^  fsiBciaphs  and  aooompanying  foot-note,  page  5671  relating  to  web-bucUing 
dfaeuns 

Safe  loads  given  below  the  lower,  broken  lines  cause  deflections  exceeding  Uto 
tftheapan. 

The  section-numbers  are  given  for  convenience  in  identification  and  ordering 
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TaM«  znL    flaf  e  Uatform  Loads  b  Tom  of  a  ooo  Poootft  for  BotUtkea 

I 


Boams  tecuiod  igainst  yielding  sidowise 


30-iilI 

26-inI 

36-ittI 

o 

Add  for 
each  lb 

Add  for 
each  lb 

Addfo! 

each  lb 

Span, 

B30 

increoae 

B38 

increase 

B36 

ixftcreaai 

It 

in 
weight 

ia 
weight 

in 

weight 

xaolb 

105  lb 

90  lb 

l8 

M3.S0 

0.44 

84.95 

0.41 

67.86 

0.38 

19 

98.05 

0.41 

80.48 

0.39 

•     64.29 

0.36 

ao 

93.15 

0.39 

76.46 

0.37 

61.07 

o.M 

ax 

88.71 

0.37 

7t.8fl 

0.35 

58.16 

0  32 

23 

84.68 

0.36 

69.51 

0.33 

55  52 

0.31 

23 

8x.oo 

0.34 

66.49 

0.32 

53. XI 

0.30 

24 

77.62 

0.33 

63.72 

0.31 

50.89 

0.96 

25 

74.52 

0.31 

6x.i7 

0.39 

48.86 

0.27 

a6 

71.6s 

0.30 

58.81 

0.38 

46.98 

o.a6 

27 

69.00 

0.39 

56.64 

0.37 

45  24 

0.2s 

28 

66.54 

0.38 

54.61 

0.36 

4363 

0.34 

29 

64.24 

0.37 

52.73 

0.35 

43.12 

o.as 

30 

63. 10 

0.36 

50.97 

0.34 

40.71 

o.a] 

31 

60.10 

0.85 

49.33 

0.34 

39.40 

0.9S 

32 

58.93 

o.as 

47.79 

0.33 

38.17 

o.ai 

33 

56,45 

0.34 

46.34 

0.33 

37. 01 

o.ai 

34 

54.79 

0.33 

44.98 

0.33 

35  92 

o.» 

35 

53. 33 

0.33 

43.69 

0.3X 

34.90 

O.I< 

a6 

51.75 

0.33 

42.48 

0.3O 

33-93 

o.M 

37 

50.35 

0.3I 

41.33 

0.30 

33.01 

o.il 

38 

49.03 

0.3I 

40.34 

0.19 

32.14 

0.1) 

39 

47.77 

0.30 

39. 2X 

0.19 

31  32 

o.i: 

40 

46.57 

0.30 

38.33 

0.X9 

30.54 

0.1 

41 

45.44 

O.X9 

37.30 

0.18 

29  79 

0.1 

42 

44.36 

0.X9 

36.41 

o.x8 

39.08 

O.l 

43 

43.33 

o.x8 

35.56 

0.X7 

28.41 

0.1 

44 

42.34 

o.x8 

34.75 

0.17 

37.76 

o.l 

45 

4X.40 

0.17 

33.98 

0.16 

27.14 

0.1 

46 

40.  SO 

0.17 

33-24 

o.x6 

26.5s 

o.l 

47 

39.64 

0.X7 

32.54 

o.x6 

25.99 

o.l 

48 

38.8K 

0.16 

3X.86 

0.X5 

25.45 

0.: 

1 

Safe  loads  given  include  weight  of  beam.    Maximum  fiber-stress,  x6  000  lb 
sqin 
The  aection-numben  are  given  for  convenience  in  identification  and  orderi 
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ralltlOK*  (CoaliiMMd).    9iH  XJtMotm  LoUb 'm  Tt 

for  B«CU«liMi  I 


of  aood  PMlnda 


BiHun  Mcnred  agalntt  yieUiag  lUewiK 

34-mI 

Add  for 
each  lb 
ixicreaae 

in 
weight 

20-iaI 

Add  for 
each  lb 
increase 

in 
weight 

ft 

Sa4a 

Ba4 

Baoa 

B20 

8ilb 

73  lb 

82  lb 

72  lb 

691b 

64  lb 

59  lb 

s 

88.aa 

77.45 

71  49 
66.38 

0.52 
0.48 
0.45 

69.33 

63.99 

59.42 

65.18 

56.40 
52.06 
48.34 

54.3a 

50.14 
46.56 

52. 10 

0.44 
0.40 
0.3? 

81.43 

60.17 
55.87 

48.09 
44.6s 

»S 

70.58 

61. g6 

0.42 

55.46 

52.14 

45.12 

43  45 

41.68 

0.3S 

ifi 

(i6.i6 
fia.27 

58.81 
5572 
Sa.» 

58.08 
54.67 

0.39 
0.37 

0.3s 
0.33 
0.31 

51.99 
48.94 
46.22 
43-78 
41.60 

48.88 
46.01 

43.45 
41.17 
39.11 

42.30 
39.81 

37.60 
35.62 
33.84 

40.74 
38.34 
36.21 
34.31 
32.59 

39.07 
36.77 

34  73 

32.90 
31.26 

0.33 

0.31 

0.29 
0.28 
0.26 

51.63 
48.91 

46.47 

ai 
aa 

Q 
ai 

'5 

S0.41 
48.1a 
46.43 
44.  U 
4a.i5 

44.36 

4a.34 
40.41 
3»-7a 
37.17 

0.30 

0.29 

0.27 
0.26 
0.25 

39.61 
37  81 
36  17 
34.66 
33.28 

37.25 
35-55 
34.01 
32-59 
31.29 

32.23 

30.76 
29  42 
28.20 
27.07 

31.04 
2963 
28.34 
27.16 

26.07 

29.77 
28.42 
27.18 
26.0s 
25.  ox 

0.25 
0.24 
0.23 
0.22 
0.21 

IS 
17 
t 

J) 

40.72 
39  21 
37.81 
35.  SO 
3Sa9 

35.74 
34-42 

33.19 
32.0s 
30.98 

0.24 
0.23 
0.22 
0.22 
0.21 

32.00 
30.81 
29.71 
28.69 
27.73 

30.08 
28.97 
«7.93 
26.97 
26.07 

26.03 
25.07 
24.17 
23.34 
22.56 

25.07 
24.14 
23.28 
22.48 
21.73 

24.04 
23.15 
22.33 
21.56 
20.84 

0.20 
O.X9 
0.X9 
o.x8 
0.X7 

31 

3» 

13 
34 
3S 

1 

31-iS 
33-08 
32.08 
3X.I4 
30.2s 

29.98 
29.04 
28.16 

27.33 
26.55 

0.20 
0.20 
0.19 
0.19 
o.z8 

26.84 

26.00 

25-21 
24.47 
23.77 

25.23 

24.44 
23.70 
23.00 
22.35 

21.83 
21.15 
20.51 
19.90 
19.34 

21.03 
20.37 
19. 75 
19.17 
18.62 

• 

20.  X7 
19.54 
18.94 
18.39 
X7.86 

0.X7 
0.16 
o.x6 
0.X5 
0.15 

36 

40 

2941 
2B.61 
27.86 
27.14 
36.47 

25.82 
25.12 

24.46 

2383 
23.23 

0.17 
0.17 
0.17 
0.16 
o.x6 

23.11 
22.48 
21.89 

21.33 
20.80 

21.73 

2t.Z4 

20.58 
20.06 

19-55 

x8.8o 
18.29 
17.81 

17.35 
16.92 

18.  IX 
17.6a 

17.15 
16.71 
16.30 

17.37 
16.90 

16.45 
16.03 
15.63 

O.X5 
0.14 
O.X4 
0.13 
0.13 

faad*^veninc 

lade  weigh 

t  of  beam.    Maximttm 

fibeT'.stress,  16  1 

300  lb  per 

L^«^  given  above  t 

he  heavy  11 
xomp&nyii 

[nes  are  greater  than  saf 
ag  foot-note,  page  567.  t 

e  loads  for  web- 
'elating  to  web 

crippling, 
•buckling 

The 

■ 

icctkMMittfnber 

B  Are^ven 

tar  convenience  In  idei 

itiftcatlon  and 

ordering 

L^"*ta  for  Addidonal  Sections,  for  32-in  and  24-in  beams,  in'TampUrt  S-xo, 
*"^  Mncb  I,  i9ftx«  bj  the  Bethlehem  Steel  Com|>aoy. 
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Table  Zm  *  (GodliauMl}.    S§i%  Unifima  Um4m  in  Tom  «I  a  m*  Pwadt 

for  Bctklehaa  X 


Bcami 

I  Mcuicd  agaiiMt  jr 

ieldiof 

•idowM 

x8-inl 

15-in  I 

Span. 

ft 

Add  for 
each  lb 

Add 

each 

Bi8 

increase 

in 
weight 

Bxsb 

Bisa 

Bis 

iocre 
in 

59  lb    54  lb 

48.51b 

71  lb 

54  lb 

461b 

41  lb 

381b 

wdg 

12 
13 

43.63   41. S8 
40.26*  38.38 

3942 

0.39 
0.36 

47.18 
43  55 

36.15 

33.37 

28.73 
26.52 

27.06 
24.98 

26.^ 
24.21 

0.3 

36.39 

0  3 

14 

37.39   35  64 

33.79 

0.34 

40.44 

30.99 

24.62 

23.19 

22.48 

0.2 

IS 

34  90   33  36 

31. 54 

0.31 

37.75 

28.92 

22.93 

21.65 

20. g8 

0.2 

i6 

32.71    31.18 

29.56 

0.29 

35.39 

27.11 

31.55 

20.30 

i9-<>7 

0.2 

17 

30.79 

2935 

27.83 

0.28 

33  30 

25.52 

20.28 

19.ro 

18.51 

0.2 

x8 

29.08 

27.72 

26.28 

0.26 

31.45 

24.10 

19  15 

18.04 

17.49 

0.2 

19 

27.55 

26.26 

24  90 

0.2s 

29.80 

22.83 

18.14 

17.09 

16.56 

0.2 

20 

26.17 

34.95 

33.65 

0.24 

28.31 

21.69 

17.24 

16.24 

IS. 74 

0.2 

21 

24.93 

23.76 

22.53 

0.22 

26.96 

20.66 

16.42 

IS  46 

14.99 

O.I 

22 

23.79 

22.68 

21.50 

0.21 

25  74 

19  72 

15.67 

14.76 

14.31 

0.3 

23 

22.76 

21.70 

20.57 

0.21 

24.62 

18.86 

14.99 

14 .12 

13.68 

C.I 

24 

21.81 

20.79 

19.71 

0.20 

23  59 

18.07 

14.36 

13.  S3 

13.11 

0.1 

25 

20.94 

19.96 

18.92 

0.19 

22.65 

17.35 

13.79 

W.99 

12.59 

0.1 

26 

20.13 

19.19 

18.19 

0.18 

21.78 

16.68 

13.26 

12.49 

12.  II 

0.1 

27 

19.39 

18.48 

17-52 

0.17 

20.97 

16.07 

12.77 

12.03 

11.66 

0.1 

28 

18.69 

17.82 

16.89 

0.17 

20.22 

15.49 

12.31 

ir.6o 

11.24 

0.1 

39 

18.05 

17.21 

16.31 

0.16 

19.52 

14.96 

11.89 

11.20 

10.85 

0.1 

30 

17.45 
16.88 

16.63 

16.10 

15.77 
15.26 

0.16 
0.15 

18.87 

14.46 

TI.49 

10.82 

10.49 

0.] 

31 

18.26 

13.99 

11.12 

10.47 

10.15 

0.] 

32 

16.36 

15.59 

14.78 

0.15 

17.69 

13.56 

10.77 

10.1s 

984 

O.I 

33 

15.86 

15.12 

14.33 

0.14 

17.16 

13.  IS 

10.45 

984 

9.54 

0.] 

34 

15.40 

14.68 

1391 

0.14 

16.65 

12.76 

10.14 

955 

9.36 

0.1 

35 

14.96 

14.26 

13.52 

0.13 

16.18 

13.39 

9.85 

9.28 

8.99 

0.1 

36 
37 

14.54 

13.86 

13  14 

0.13 
0.13 

IS. 73 
15.30 

12.05 
11.72 

9.58 
9.32 

9.02 
8.78 

8.74 
8.SI 

0.: 

14.15 

13.49 

12.78 

0.: 

38 

13.77 

13.13 

Z2.45 

0.12 

14.90 

11.42 

9.07 

8.55 

8.28 

0.; 

39 

13.42 

12.79 

12.13 

0.12 

14.52 

11.12 

8.84 

8.33 

8.07 

0. 

40 

13.09 

12.47 

IZ.83 

0.12 

14.15 

10.84 

8.62 

8.12 

7.87 

0. 

Safe  loads  given  include  weight  of  beam.    Maximum  fiber-stress,  16  000  It: 


sq  m 


Load  given  above  the  heavy  line  is  greater  than  safe  load  for  web-cripp] 
See  paragraphs  and  accompanying  foot-note,  page  567,  relating  to  web-budi 
of  beams 

Safe  loads  given  below  the  broken  lines  cause  deflections  exceeding  Hso  (A 


span 


The  section-numbers  are  given  for  convenience  in  identification  and  orderi 


*  See  data  for  Additional  Sections,  for  i8-in  beams,  in  Pamphlet  S-io^  vob 
March  i,  1921.  by  the  Bethlehem  Steel  Company. 
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TiiUe  Zm  (Cootmasd).    Safe  Unifanii  Loads  in  Tons  of  t  ooo  Pouadt 

for  BothleiMm  I  Boaas 


1 

x3-tnl 

xo-ini 

Add  for 
each  lb 

Add  for 

ft 

each  lb 

Bi3a 

B 

13 

increase 

E 

10 

increase 

in 
weight 

in 

weight 

351b 

3a  lb 

38.5  lb 

38.5  lb 

23.51b 

9 

26.S9 

22.57 

21.36 

0.35 

15.95 

14.57 

0.29 

ID       1 

23-93 

30.31 

19.22 

0.31 

14.35 

13.11 

0.26 

°       1 

ai.76 

18.46 

17.47 

0.29 

X3.05 

11.92 

0.34 

°       1 

19. 94 

16.92 

16.02 

0.26 

11. 96 

10.92 

0.22 

13 

18.41 

15.62 

14.79 

0.24 

IX. 04 

10. oS 

0.20 

U 

17.09 

14.  SI 

13.73 

0.22 

10.25 

936 

0.19 

IS     1 

15  95 

13.54 

12.81 

0.21 

957 

8.74 

0.17 

xS 

U.96 

13.69 

12.01 

0.20 

8.97 

8.19 

0.16 

17 

I4-o8 

11.95 

XX.  31 

0.19 

8.44 

7.71 

O.X5 

:i 

13.30 

IX. 38 

10.68 

0.17 

7.97 

7.38 

0.X5 

II 

13.60 

10.69 

10.12 

0.17 

7.55 

6.90 

0.14 

» 

11.97 
XI.  40 

10.15 
9  67 

9.61 
9-15 

0.16 
0.15 

7.18 

6.55 

0.13 

n 

6.84 

6.34 

0.12 

a 

10.88 

9.23 

8.74 

0.14 

6.52 

5.96 

0.12 

S3 

10.41 

8.83 

8.36 

0.14 

6.24 

5.70 

0.11 

S4 

9  97 

8.46 

8.01 

0.13 
0.13 

5.98 
5.74 

5- 46 
5.24 

O.II 

« 

9-57 

8. 13 

7.69 

O.IO 

a$ 

9.20 

7.81 

7-39 

0.12 

5.52 

5.04 

O.IO 

ax 

8.86 

7.52 

7.X2 

0.12 

532 

4.86 

0.10 

1  < 

855 

7.25 

6.86 

• 

O.ll 

5-13 

4.68 

0.09 

,  « 

8.35 

7.00 

6.63 

O.ll 

4.95 

4.52 

0.09 

!  '^ 

9.98 

6.77 

6.41 

O.II 

4.78 

4.37 

0.09 

i  ^ 

7.72 

6.55 

6.30 

O.IO 

■••••«•• 

P 

7.48 

6.35 

6.01 

0.10 

13 

7.2s 

6. IS 

5.82 

0.10 

34 

704 

5.97 

5.6s 

0.09 

35 

6.84 

S.80 

5-49 

0.09 

L  Stfe  loads  given  include  weight  of  beam.     Maximum  fiber*stre8t,  16  000  lb  per 

kxB 

I  Safe  loads  ^ven  below  the  broken  lines  cause  deflections  exceeding  H«o  of  the 

The  sectioo-numbers  are  given  for  convenience  in  identification  and  ordering 


' 


ou^ 


oacn|$ui  %»  Dcams  ana  joeun  uiraers 


^^uap. 


Tlibto  Zm  (Co&tiiiaed}.     Sale  Unifbnn  Loads  in  Tons  of.  a  ooo  Ponodi 

for  BetidalMai  I  Beams 


9-inI 

8-inI 

Span, 
it 

Add  for 
each  lb 
increase 

•                 •     •_  ^ 

Addi 

B9 

B8 

each) 
increa 

in  weight 

inwdf 

34  lb 

20  lb 

19.5  lb 

17.5  lb 

S 

31.83 

20.18 

0.47 

16.16 

15.30 

0.43 

6 

18.19 

16.81 

0.39 

13  46 

12. 75 

0.3S 

7 

i5-6o 

14.41 

0.34 

11.54 

10.93 

0.30 

a 

13-65 

12. 6x 

0.39 

10. 10 

9  57 

0.36 

9 

12.13 

II.  21 

0.26 

8.98 

8.50 

0.33 

10 

zo.92 

10.09 

0.24 

8.08 

765 

0.3t 

zz 

9.9a 

9  17 

0.2Z 

7  34 

6.96 

O.If 

Z2 

9.10 

8.41 

0.20 

6.73 

6.38 

0.17 

13 

8.40 

7.76 

0.18 

6.21 

5-89 

C.I< 

14 

7.80 

7.21 

0.17 

5. 77 

547 

o.iS 

IS 

7.38 

6.73 

0.16 

5-39 

5.10 

0.14 

z6 
17 

6.83 
6.43 

6.31 

5.93 

0.Z5 
0.14 

5.05 

4.78 

0.13 

4.75 

4.50 

o.ia 

18 
19 

6.07 

5.61 

0.13 
0.13 

4.49 
4-35 

4.25 
403 

o.xa 

5. 75 

5-31 

O.II 

ao 

5.46 

5-04 

0.12 

4.04 

3.83 

O.II 

21 

5.30 

4.80 

O.IZ 

38s 

3.64 

o.z< 

33 

4.96 

4.59 

O.ZI 

3.67 

3.48 

O.IC 

23 

4.75 

4.39 

O.IO 

3-5Z 

3.33 

0.09 

24 

4.55 

4.20 

O.IO 

3-37 

3.19 

O.0J 

25 

4.37 

4.04 

O.IO. 

3.23 

3.06 

o.ofl 

a6 

27 

4.30 
4.04 

3.88 
3.74 

0.09 
0.09 
0.09 

38 

3.90 

3.60 

20 

3.76 

3.48 

o.oB 

30 

3.64 

3.36 

0.08 

• 

Safe  loads  given  include  weight  of  beam.    Maximum  fiber-stTess.  ] 

16  000  lb 

sq  in 

Safe  loads  given  bdow  the  broken  lines  cause  deflections  eioeedini 

eHssoT 

span 

Tile  section-aumbers  are  given  for  convenience  in  identification  an< 

lorderif 
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Siagle-Beaiii  and  Double-Beam  Girders.*    Where  a  singlb 

BEAM  is  insuflkient  to  carry  a  load,  tiie  required  capacity  may  be  secured 

toifation.  in  various  ways.    Two  beams  can  be  used,  connected  by  bolts 

«|iaiaiots.    The  total  strength  of  these  is  twice  that  of  the  single  beam 

same  depth  and  weight.    Care  should  be  taken,  however,  to  see  that 

ids  are  apportioned  to  them  equally,  and  where  it  is  necessary  for  the 

to  act  as  a  unit,  the  separators  should  consist  of  plates  and  angles  and  not 

of  cast  iron.    If  the  loading  is  not  uniformly  distributed  over  the  two 

the  strength  of  each  must  be  computed  separately.    The  use  of  a  single- 

cixoEa  with  plates  at  top  and  bottom  to  sustain  a  given  load  is  often  more 

in  material  than  the  use  of  two  beams  connected  by  bolts  and 

ors.    The  beam  girders  in  Table  XIV,  pages  605-6,  have  about  twice 

onying  capacity  of  the  single  beams  of  which  they  are  built. 

iUes  XIV^  and  XV  give  the  safe  loads  for  the  single  and  dol^ble-beam 

Idos  commonly  used.    The  values  given  in  the  tables  are  founded  upon 

i  Booents  of  inertia  of  the  various  sections,  deductions  being  made  for  the 

et-holes  in  both  flanges.    In  Table  XIV,  taken  by  permission  from  Carnegie's 

)ixt  Companion,  the  safe  loads  are  based  upon  a  fiber-stress  for  flange-bend- 

\d  t6  000  lb  per  aq  in,  and  in  Table  XV,  retained  from  the  former  edition  of 

jUer's  Pocket-Book,  upon  a  fiber-stress  of  13  000  lb  per  sq  in.    For  other  fiber- 

^Ks,  as  14  000  or  15  000  lb  per  sq  in,  the  safe  loads  in  Tables  XIV  or  XV 

W  be  decreased  or  increased  by  proposzion  as  the  loads  vary  as  the  riBER- 

t 


*  Far  tahia  of  riveted  plate  girders,  see  Chiq;>ter  XX. 

\  Ihe  cdiUMs  decided  to  retain  Table  XV  for  the  safe  uniformly  distributed  loads  for 
pti  sted-bemm  box  girders,  based  upon  a  bending  fiber-stress  of  13  000  lb  per  sq  in. 
i  mt  tbfi  table  lor  fiber-stresses  of  14  000,  15  000  or  x6  000  lb  per  sq  in,  divide  the 
ilfe  Indi  by  X3  and  multiply  the  quotients  by  14, 15  or  x 6,  respectively,  for  the  safe 
I «  the  required  fiber-stress.  In  regard  to  Table  XV,  Mr.  Kidder  said,  m  the 
Hfiag  editions  ol  this  pocket-book,  "  in  order  to  amply  compensate  for  the  deteriorsr 
ftif  the  metal  arouzid  the  rivet-holes  from  punching,  and  also  because  these  girders 
pHi  ofun  used  to  support  permanent  loads,  such  as  brick  or  stone  walls,  the  maximum 
rwiua  [lor  riveted  double-beam  girders)  was  limited  to  13  000  lb  per  sq  in,  although 
^ha  right  to  state  that  most  of  the  latest  handbooks  of  the  steel-manufacturers  give 
of  safe  loads  for  such  girders  based  upon  a  fiber^tress  of  15  000  lb  per  sq  in. 
aachor  advises  that  for  loads  of  masonry,  which  usually  come  very  dose  to  the 
loads,  and  wliich  are  constantly  applied,  the  girders  be  not  loaded  beyond  the 
given  in  the  ibllowing  tables  (that  is,  based  upon  13  000  lb  per  sq  in),  while  for 
-loads,  which  seldom  reach  the  estimated  loads,  an  addition  of  Hth  may  be 
to  the  values  given  in  the  tables. " 

^KpT^f^H  of  single  steel  X  beams  and  plates  riveted  to  the  upper  and  lower 

shown  in  Table  XIV,  are  not  often  used  to  support  masonry  walls,  because  of 

rdativcly  narrow  flange-width  and  lack  of  lateral  stiffness.    In  case  they  are  used 

waUb  and  are  not  thoroughly  braced  laterally,  it  is  recommended  that 

kads  be  ivduced  aa  explained,  from  those  given  in  Table  XIV,  to  agree  with 

of  13  000  or  14  000  lb  per  sq  in,  according  to  the  span,  bracing,  character 

etc.    It  is  recommended,  also,  that  for  girders  fabricated  of  two  steel  I  beams 

riveted  to  the  flanges,  as  shown  in  Table  XV,  and  canying  masonry  walls,  the 

^vcB  in  this  table  and  computed  for  a  fiber-stress  of  13  000  lb  per  sq  in,  be  used, 

that  the  fiber-stress  be  taken  not  greater  than  14  000  lb  per  sq  in. 

handbooks  have  contained  tables  of  safe  uniformly  distributed  loads  for  faha* 

i  girdess  computed  fnnn  safe  unit  fiber-stresses,  in  pounds  per  square  \jit\ 

as  follows.     For  rivkted  smcLE-BEAic  cntDERs:    Carnegie  Sfed 

1903  Edition,  no  tables;    Carnegie,  29x5  Edition,  16000,  based  upon  (be 

lidos  off  the  gross  area  of  the  cross-section:  Cambria  Steel  Company,  191a 

.tables;  (fonner)  Passaic  Steel  Company,  1903  Edition,  no  tables;  Kidder's 

.Book,  previous  editions,  no  taUn.    For  riveted  doublr-beam  giboers:  Car- 


604  Strength  of  Beams  and  Beam  Girders  ^.liap. 

Bauaple  ax.    A  13-in  brick  wall,  15  ft  high,  is  to  be  built  over  an  of^nie 
24  ft.    What  is  the  size  of  the  double-beam  girder  required? 

Solution.  *  Assuming  35  ft  as  the  distance,  center  to  center  of  bearings  a  4! 
lb  per  cu  ft  as  the  weight  of  brickwork,  the  weight  of  the  wall  is  25  X  15  X 
45  375  ^b,  or  about  22.68  tons.  From  Table  XV,  page  610,  a  girder  compos 
two  i2-in  steel  beams,  each  weighing  31.5  lb  per  ft,  and  two  14  by  ^-i-iii  fi 
plates  will  carry  safely,  for  a  span  of  25  ft,  a  uniformly  distributed  load  of 
tons,  including  its  own  weight.  Deducting  the  latter,  1.42  tons,  given  i 
next  column,  the  result  is  21.81  tons  for  the  safe  net  load,  which  is  0.87  to 
than  required.  From  the  following  column  of  the  table  it  is  seen  that  I; 
creasing  the  thickness  of  the  fiange-plates  He  in  it  i3  safe  to  add  1.52  tons  1 
allowable  load.  This  will  more  than  mdke  up  the  difference.  Hence  tl 
quired  double-beam  girder  will  be  composed  of  two  12-in  3x.5-Ib  b 
and  two  14  by  9i«-in  steel  flange-plates. 

A  single-beasc  girder  (according  to  Table  XIV,  page  606),  compos 
one  1 5 -in  42-lb  I  beam  and  two  8  by  V4-in  flange-plates  will  carry,  at  i 
lb  per  sq  ft,  49  000  lb  over  a  span  of  25  ft,  and  as  it  is  lighter,  weishin 
69.2  lb  per  ft  to  the  others  113.6  lb,  it  would  be  more  economi<:al. 
double-beau  girder  is,  however,  more  suitable  in  this  particular  case,  1 
13-in  wall  should  have  a  wider  bearing  than  8  in,  and,  also,  the  safe  load  9 
be  decreased  from  the  tabular  load  to  correspond  to  a  fiber-streas  of  13  c 

14  000  lb  per  sq  in  because  of  the  nature  of  the  loading,  the  lon^  span, 
or,  what  amounts  to  the  same  thing,  the  strength  of  the  girder   shoii 
increased  to  correspond  to  the  decreased  fiber-stress.    (See  foot-not  e,  page 
A  49  000- lb  load  at  16  000  lb  per  sq  in  fiber-stress  corresponds  to  a  49 
>Mi  ~  60  307 -lb  load  at  13  ooo  fiber-stress,  as  far  as  selecting  a  correspo 
girder  from  table  is  concerned.    A  single-beam  girder  (Table   >CIV) 
posed  of  one  15 -in  6o-lb  I  beam  and  two  9  by  H-in  flange-plates  ^U 
68  000  lb  and  weighs  only  98.3  lb  per  ft.    Therefore,  as  far  as  strength  k 
cemed,  to  suit  the  conditions  of  loading,  this  would  be  the  proper  sikglb- 
GIRDER  to  use,  and  it  would  also  be  cheaper  than  the  dottble-beaic  gi 
determined  by  Table  XV;   but  the  width  of  bearing  for  the  13-in  mrall  i 
only  9  in  compared  to  14  in  with  the  double-beau  girder. 

negie,  1903,  15000,  ^Me-in  rivet-holes  deducted;  Carnegie,  19x5.  no  tables;    Ca: 

15  000,  ^M«-in  rivet-holes  deducted;  Passaic,  15  000,  *  ?io  or  Mla-in  rivet -holes  ded 
Kidder,  previous  and  new  editions,  13  000,  i^(s-in  rivet-holes  deducted.  For  ai 
siNOLE-WEB,  piate-and-angle  GIRDERS  (see  Chapter  XX):  Carnegie,  1903,  1 
^Ma-in  rivet-holes  deducted;  Carnegie,  191S,  16  000,  based  upon  section-modulus 
gross  area  of  cross-section;  Cambiia,  15000,  ^Ma  or  ^Me-in  rivet-holes  ded 
Passaic,  15  000,  »Me  or  *5i8-in  rivet-holes  deducted;  Kidder,  previous  editions, 
and  13  000  for  flanges,  *^1[«  or  ^^i^-in.  rivet -holes  deducted  (also  contained  the  I 
tables).  For  arvETEO  uultiple-web,  plate-and-ancle  girders  (see  CluLpter 
Carnegie,  1903. 15  000.  *?l6-in  rivet-holes  deducted;  Carnegie,  1915,  16  000,  tnsed 
section-modulus  of  the  gross  area  of  cross-section  (the  elements,  only,  of  tbeae  c 
and  not  the  loads,  are  given):  Cambria,  no  tables;  Passaic.  15000.  i^«  or  ' 
rivet -holes,  deducted;  Kidder,  previous  editions,  same  as  for  single-w«b  plal 
girders. 

The^revised  editbn  of  Kidder's  Handbook  uses,  by  permission,  the  Carnegie 
for  all  but  the  riveted  doublc-btam  girders,  for  whkb  the  old  Kidder  tables  mi«^iM 

The  limiting  conditions  of  use  art  fuBy  tsplained  in  the  text  and  foot-notes.  ] 
in-chief. 
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IttU  nv.*     8alo  Uaiterm  Loads  ia  0kita  of  x  ooo  Pooads  for  XiTOlod 

Stool  Bwim  OirdofB 

Matimom  bending  strew,  x6  ooot  lb  per  iq  ia 


> 
i 
* 

•.i.»^-i 

-a-c 

1 
1 
1 

Afi1 

---ft 

1 

-i«ri 

■ 

^ 

f^ 

'ti 

1 

1              1 

• 

1 

1 

• 

_i 

• 

-.1 

v- 

1 

^X. 

s? 

1 

I.- 

_.i_ 

• 
• 

^ 

u 

W, 

• 

^ 

t 

1 
1 

1 

-4^ 

!i. 

Co- 
effi- 

• 

I   t 

1 

-r-? 

S^.  yjAn^o^lhheBxn 

24'in  79-9-lb 

24-in  79.9-lb 

20-in  79.9-lb 

cients 
of 

a 

la  by  -fi-in 

beam,  12  by 

beam.  10  by 

beam,  zo  by 

de- 

plktes 

^-in  plates 

H-in  plates 

K-in  plates 

fleo- 

tion 

Increaee 

Increase 

Increase 

Increase 

in  safe 

in  safe 

in  safe 

in  safe 

j  loads  for 

loads  for 

loads  for 

loads  for 

S«f«^ 

M«-in 

Safe 

M*-in 

Safe 

H«-in 

Safe 

He-in 

• 

ioadft 

increase 

in  thick- 

nesoof 

loads 

increase 
in  thick- 
ness of 

loads 

increase 
in  thick- 
ness of 

loads 

increase 
in  thick- 
ness of 

1 

flange- 

fkmge- 

flange- 

flange- 

pUtes 

plates 

plates 

plates 

310 

543 

«5.9 
14.8 

3xa 

289 

14.2 

X3.3 

'?? 

XI. 7 

X0.9 

9-7 

2.80 
3.24 

ts 

235 

218 

14 

240 

ts 

3«» 

13.8 

370 

X2.3 

224. 

xo.x 

204 

3.72 

i6 

301 

S3.0 

X2.2 

253 

XX. 5 

X0.9 

3XO 

9.5 

191 
iRo 

7-9 
7.4 

4.24 
4.78 

17 

^3 

238 

tf 

««7 

XI. 5 

225 

X0.3 

X87 

170 

7.0 

5. .^6 

19 

S53 

ZO.9 

213 

9.7 

HI 

8.0 

i6z 

6.6 

5  98 

10 

340         ro.4 

203 

9. a 

168 

7.6 

153 

6.3 

6.62 

n 

»«9 

9-9 

103 

8.8 

160 

7.2 

146 

6.0 

7  30 

ti 

1X9 

9.4 

184 

8.4 

X53 

M 

139 

5.7 

8.0Z 

Si 

ao9 

l;S 

176 

8.0 

146 

6.6 

133 

55 

8.76 

[^ 

300 

169 

7.7 

140 

6.3 

127 

5.3 

9.53 

192 

B.3 

Z62 

7.4 

135 

6.x 

122 

SO 

10.35 

'^ 

I7« 

8.0 

7.7 

156 
150 

71 
6.8 

139 
las 

It 

1X8 
"3 

4.8 
4.7 

II.  19 

12.07 

W^^m 

17  » 

7  4 

145 

6.6 

lao 

5-4 

109 

4-5 

12.98 

H 

i«6 

7.x 

Z40 

f* 

116 

5-2 

lOS 

4-3 

»3-92 

xfe 

6.9 

X3S 

6. a 

112 

5.x 

zoa 

4-2 

14.90 

i£ 

tss 

6.7 

X3X 

6,0 

109 

J:l 

9? 

4.x 

15.91 
10.95 

150 

6.5 

i»7 

5.8 

105 

96 

n 

146 

6.3 

X23 

5.6 

X02 

4.6 

93 

18.03 

X4X 

6.x 

119 

5.4 

99 

4.5 

^ 

%7 

19.13 

X37 

5.9 

X16 

5.3 

96 

4.3 

S7 

3.6 

20.28 

'    44.33  in*           ' 

4x  .33  m» 

35.83  !n» 

.^8.7 

3  i:-.* 

«  •  •   ■ 

Rl:   45<^.&    io« 

380.0   in> 

315  S    in* 

286.7 

in> 

Ml  ■  152-2    lb  per  ft 

X41.X    Ibnerft 

X2a.4   lb  per  ft  i 

132.4 

lb  per  ft 

.... 

E  JMe  Inuk  above  the  1 

wavy,   horizontal 

lines  eiccee^  the  re 

ststana 

t  of  the  we 

b   and 

■hfas  sboidd  be  provk 

led  with  8ti3enen! 

;    for  Umiting  con 

Kill  ions 

,  see  esplaj 

oatary 

lohs  oo  pose  567-    See 

Pocket  Companioi 

1  for  13  and  X4-ft 

spans. 

1     iWgbUi^vca  for  gird 

ers  do  not  include 

stiflfeners,  rivet-h< 

»ds  or 

other  detai 

Is 

r 


Pocket  Gompaakm,  Carnegie  Steel  Company.  Pittsburgh,  Pa. 

am^mph  00  Riveted  Single-Beam  and  Doable-Beam  Gixden,  page  603,  and  the 
ic  for  same  regarding  fiber-stresses. 
;  ■  tbe  Mctfon-modolns  or  section-factor  of  the  cross-section  with  reference  to  the 
-1. 
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Strength  of  Beams  and  Beam  Girders 


Chap. 


Table  ZI¥*  (CoBdttaed).    Saf*  Uaiiarni  Loads  ia  Uaita  o( 

for  Riyetod  8toal-B«ua  Girders 
Muimuiii  bending  stress,  x6ooot  lb  per  sq  in 


xooo 


>  \"-iO"r"^. 

1 

1 
1 

U--B«-*{ 

1 

r 

>i 

\ 

^  ^^ 

« 

1 

7r 

'iL._ 

— L 

ii._ 

.^ 

|i._ 

I 

i  X- 

-L 

t 

1 

1 

1 

f 

span. 

t 

1 

1 

>^ 

!^ 

4   .fT 

1 

'               1 

1 

C 

•        1 

•         T 

1          1 

e£ 

20-in  6s.4-lb 

x8-in  54'7'lb 

15-in  60.8-lb 

x5-in  42.9'lb 

cte 

beam,  lo  by 

beam.  9  by 
H-'m  plates 

beam,  9  by 

beam,  8  by 

c 
d 
fli 

H-in  plates 

H-in  plates 

H-in  plates 

Increase 

Increase 

Increase 

Increase 

U< 

in  safe 

in  safe 

in  safe 

in  safe 

loads  for 

loads  for 

loads  for 

loads  for 

Safe 

MsHXi 

Safe 

H«-in 

Safe 

M«-in 

Safe 

Me-in 

loads 

increase 
in  thick- 

loads 

increase 
in  thick- 

loads 

increase 
in  thick- 

loads 

increase 
in  thicic* 

ness  of 

ness  of 

ness  of 

* 

nesBof 

flange- 

flange- 

flange- 

flange- 

pUtes 

plates 

pUtes 

plates 

9 
lo 

279        «4.3 

3X8 

196 

XX. 5 
X0.3 

189 

"iro 

9.4 
8.5 

137 

s.s 

7.6 

z 

"3 

z 

II 
u 
13 

298 

209 

IX.6 
X0.6 

9.a 

178 

9-4 
8.6 

7.9 

155 

142 

7.7 
7.1 
6.5 

112 
102 

U 

6.9 
6.4 
59 

a 

164 

IS! 

a 

193 

a 

14 

179 

9.1 

140 

7.4 

122 

6.X 

55 

1  1 

IS 

167 

8.5 

131 

6.9 

113 

5.7 

82 

S.I 

i 

i6 

157 

8.0 

123 

6-5 

106 

5  3 

77 

48 

i 

17 

148 

7.5 

115 

6,1 

100 

5.0 

72 

4.5 

4 

l8 

139 

7.1 

109 

5.7 

95 

4.7 

68 

4.» 

i 

19 

132 

6.7 

103 

5-4 

90 

4.5 

Js 

4.0 

1  1 

ao 

125 

6.4 

98 

5.2 

85 

4-3 

61 

3.S 

1  i 

21 

1x9 

6.1 

2^ 

4.9 

81 

40 

50 

3.6 

\ 

2a 

114 

5.8 

89 

4.7 

77 

3.9 

56 

3.5 

1 

23 

109 

55 

85 

45 

74 

3.7 

53 

3.3 

1 

a4 

105 

53 

82 

4.3 

V 

3  5 

51 

3.  a 

25 

100 

5.1 

79 

4.1 

68 

3.4 

49 

3.x 

1 

26 

97 

4.9 

76 

4.0 

Ss 

3.3 

47 

a.^ 

1 

27 

93 

^'l 

73 

3.8 

§3 

3.1 

46 

a.S 

1 

a8 

1^ 

4.6 

70 

3.7 

61 

3.0 

44 

2.7 

] 

29 

4.4 

68 

3.6 

59 

2.9 

42 

2.e  . 

1 

30 

84 

4.2 

65 

3.4 

57 

2.8 

4^  1        a-S 

Area 

31. 58  in* 

37-1' 

Mn« 

28.9s  in* 

20.49  in* 

~[ 

I/CX'lt 

235.2   in' 

1S4.1 

in« 

iS9.5in» 

IIS -3.  in» 

I 

Wgt 

107.  9lbperft 

93  0 

lb  per  ft 

99-1  lb  per  ft 

70.1-lb 

pex-  fx 

Safe  loads  above  the  heavy,  horizontal  lines  exceed  the  resistance  of  -tH 
girders  should  be  provided  with  stifTeners;  for  limiting  conditions,  sc 
notes  on  page  567.    See  Pocket  Companion,  lOts  for  9-ft.  span 

Weights  given  for  carders  do  not  include  stufeners,  rivet-heads  or 


*  From  Pocket  Compaaion,  Carnegie  Steel  Company,  Pitsbixnh,  Pa. 

t  See  paiagraph  on  Riveted  Singk-Beam  and  Double-Beam  Girders, 
foot-note  for  same  regardii^ji  fiber-stresses. 

t  I'c  is  the  .wction-raodulus  or  section-factor  of  the  cross-section  witK 
axis  x-x. 
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Safe  Ualfarm  Loads  in  Toos  of  a  ooo 
StotI  B— m  Box  GMars 
o-in  iteel  I  beams  and  two  i6  by  H-in  steel  plates 


for  Riiretad 


Two  steel 

•P^' 

^    ^« 

Two  steel 

.M^. 

rvJ^Sr* 

r  Two 

•^ 

p^rSr    .^T* 

^fc*^ 

9iat«B« 
in 

^ 

3o-in 
beams, 
80.4  lb 
L    JL     I««t 

plates. 

i6byH 
in 

"*.«j^  u 

2oin 
beams, 
65.041b 
.      perft 

Increase 
in  weight 
of  girder 
for  He-in 

increase 

US' 

tyj gJ 

^ 

Merto 

Safe 

Safe 

ma 
[beer. 

loads, 
umidrmly 

,  Weight  of 
girder 
Gnciud* 
ing  rivet- 
heads),  in 
tons  of 

Increase 
in  safe 

loads. 

kuuformly 

Weight  of 
girder 
(includ- 
ing rivet- 
heads),  in 
tons  of 

Increase 
in  safe 

in  thick* 
ness  of 

v.ft 

.  distrib- 
vted  (ia- 

loads  for 
Hs-in  in- 
crease in 

distrib- 
uted an- 
clading 

loads  for 
M«-in  in- 
crease in 

flange- 
plates 

wetgfatof 

thickness 

weight  of 

thickness 

gjoxler). 

2  000  lb 

of  flange 

girder). 

2  000  lb 

of  flange- 

■ 

in  tons  of 

[dates 

in  tons  of 

plates 

1 

20oolb 

2  000  lb 

10 

199.67 

Z.22 

7.22 

176.72 

1.06 

7.34 

0.03 

u 

18X.51 

Z.34 

6.56 

160.66 

■  X.16 

6.68 

0.04 

n 

1 

i«.39 

Z.46 

6.0a 

147.26 

X.27 

6. 12 

0.04 

^O 

153.60 

1.58 

5  56 

135. 95 

X.37 

5.6s 

0.04 

M 

142-64 

1.70 

5.16 

126.24 

1.48 

5-25 

0.05 

B 

133.12 

1.83 

4.81 

1x7.82 

X.58 

4.90 

0.05 

IS 

134.80 

1. 95 

4-5X 

110.45 

1.69 

4.59 

0.05 

jT 

117.47 

2.07 

4.25 

103.96 

X.79 

4.3a 

0.06 

« 

110.94 

2.19 

4.01 

98.18 

1.90 

4.08 

0.06 

9 

X05.XO 

a.31 

3.80 

93.01 

2.01 

3.86 

0.06 

^ 

99  «3 

2.43 

3-6x 

88.36 

2. II 

3.67 

0.07 

E 

«S-o8 

2.56 

344 

84.15 

2.22 

3.50 

0.07 

90.77 

2.68 

3.aa 

80.33 

2.32 

3.34 

0.07 

S6.83 

2.80 

3x4 

76.84 

2.43 

3.19 

0.08 

^ 

S3.ao' 

2.93 

3.01 

73  64 

2.53 

3.06 

0.08 

s 

79.87 

3.04 

2.89 

70.69 

2.64 

2.94 

0.08 

pi 

76.80 

3.16 

2.78 

67.97 

2.75 

2.82 

0.09 

p 

73.96 

3.29 

2.68 

6S.46 

a. 85 

2.72 

0.09 

71.32 

3-41 

2.S8 

63.12 

2.96 

2.62 

0.09 

68.86 

3.53 

2.49 

60.94 

3.06 

2.53 

O.IO 

L 

66.56 

3.6s 

3.41 

SS.9X 

3.17 

2,45 

0.10 

■ 

64.41 

3.77 

a.33 

57.01 

3.27 

2.37 

O.IO 

B 

62. 41 

3-89 

2.a6 

55.22 

3.38 

2.39 

O.IX 

to 

60.5Z 

4.02 

2.19 

53.56 

3.48 

2.22 

Q.II     i 

c 

58.73 

4. 14 

2.12 

51.98 

3.59 

2.16 

O.IX     , 

p 

57.0s 

4.a6 

2.06 

S0.50 

3.70 

a.  10 

0.12     ' 

■    . 

55.46 

4-38 

2.01 

49.09 

3.80 

2.Q4 

0.12     ' 

■ 

53.96 

4.50 

1.95 

47.77 

3.91 

X.98 

0.12 

■ 

52.54 

4.6a 

1.90 

46.51 

4. 01 

X.93 

0.X3 

Ij 

51.20 

4.75 

1.85 

45.32 

4.12 

1.88 

0.13 

values  axe  based  on  a  maziimim  fiber-stieas  of  xj  000  lb  per  sq  in,  rivet-holes 
^  deducted.     See  paregtsph  on  Riveted  Single-Beam  and  Doable-Beam 
603,  and  the  f  ootHiote  fer  same  legazding  fiber-stresses.    Weighta  of  girdext 
to  i*ngtM  center  to  center  of  bearings. 


Strength  of  Beuns  and  Beam  Girders 
■  XV  (Coollniwd].     Sala  UoUotm  Loadi  ia  Ton  si  i< 


Two  iS-in  tted  I  Inuu  ud  two 

16  by) 

-initedpbitei 

.i.-^.f. 

?    Two 

Two 

.^r*'^-  ■  ,_ 

\\ 

bl^". 

l8-m 

b  1 

jp     iSby  IWn 

Dil- 

-JUL 

70  lb 

per  ft 

^J 

JL       ^" 

0(1 

Two  i6  by  M-in  steel  pUt« 

H 

MnWr 
ol  bar- 
ings. 

load. in 

includ- 
ing 
weight 

gitder 

Wdght 
girfa. 

Add  to 
salelfsds 

in  tbick- 
neuof 

Safe 

cedsiD 
torn, 
includ- 

A, 

girder 

Weight 

Bjrdet, 
lb 

Add  to 
«fe 

S  pound. 
increaso 

in  weight 

Add  to 

ufeloAdt 
forHi-io 

in  tbicfc. 

" 

plalee 

of  beam 

pla-     1 

11 

■311 

nil 

5  43 

1130 

13ia 

18. 

IMS 

liei 

3164 

66 

9S.3 

16 

CB.2 

3I3» 

91.3 

3&49 

83 

86.8 

3333 

iB 

4(*8 

81.0 

3SJ» 

1.90 

19 

83.S 

4W 

u 

77.6 

3  714 

t,«0 

w:s 

«5» 
4T4« 

26 

1o  J 

Vl^ 

III 

96 

67-0 

»3 

69.0 

J198 

Sj 

64.1 

450S 

66.1 

61. s 

« 

635 

S6so 

61 

59. 0 

4900 

1,36 

36 

Gi.o 
SS.S 

S87« 

4! 

56.7 

1^26 

as 

Sfl.B 

63* 

5488 

»9 

10-9 

S6M 

6780 

I.U 

3* 

49.6 

JW 

w 

46.1 

Sjti 

I.C« 

» 

48.1 

7  4S» 

98 

44.7 

«468 

1.03 

4«T 

7684 

35 

7910 

86 

6  8Aa 

3> 

S.3B 

7056 

«-9 

836» 

38 

Bssa 

1.7. 

3S8 

744a 

0.90 

The  above  vduig  ut  Uaed  on  a  muimum  Gbcr-Utcaol 
In  bo4h  flanscf  deducted.    See  pangiaph  on  Riveted  Singl' 
Giniera,  page  6o3»  and  the  tout-note  lor  same  regard' 
torrapond  to  itngtlu,  center  lo  center  ol  bcadngt. 
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(Continiied).    Safe  Unifomi  Loads  in  Tons  of  a  ooo  Pound! 
for  Rifotod  Stoel-Batm  Box  Girders 

Two  z  5-in  sted  X  beans  and  two  14  by  M-in  steel  plates 


1 

Two  is-in  beams. 

'Tw-o  1 5-in  beams, 

» 

75^  lb  per  ft 

60.8  lb  per  ft 

r-^-> 

.     A"m 

^h 

n 

^^' 

■^ 

j^*-^ 

^ 

*^ 

ir 

Db. 

^^ 

2u 

^ 

*^r 

-^**\ 

c^ 

Increase 
in  safe 

Incrq^ 

gu             u'     1 

U  ' 

m  wei| 

Ucc 

Steel  Pljites, 

.  Steel  iUates, 

Steel  Flates. 

4^4    OCftlK 

load  for 

M«-in 

increase 

of  gin 

mer 

14  by  ^i  in 

14  by  H  in 

14  by  ^6  in 

erfoi 

to 

Safe 

Safe 

Safe 

He-ii 

<bear- 

loads, 
uni- 

fonnly 

Weight 
of  gird- 

loads, 

uni- 
formly 

Weight 
of  gird- 
er (in- 
cluding 
rivet- 
heads), 
in  tons 

of  3  000 

lb 

loads, 
uni- 
formly 

Weight 
of  gird- 

in  thick- 

nees  of 

£b.nge- 

plates 

increa 

in  thic 

nessc 

ft 

distrib- 
uted Un- 
ci udins 
weight  of 
girder), 
in  tons 

er  lin- 
cluding 

rivet- 
hcads), 
in  tons 

of  30OO 

lb 

distrib- 
uted (in- 
cluding 
weight  of 
girder) . 
in  tons 

distrib- 
uted (in- 
cluding 
weight  of 
girder), 
in  tons 

er  (in- 
cluding 
rivet- 
heads), 
in  tons 
of  2000 
lb 

flangi 
plate 

of  3000 

of  3  000 

of  3000 

i 

lb 

lb 

lb 

'M 

133.33 

I  06 

III. ox 

0.91 

90  39 

0.72 

4  63 

0.03 

U 

III   21 

1  17 

100.93 

1. 00 

83.08 

0.79 

4.21 

0.03 

U 

101.95 

1  37 

92.51 

1.09 

75  24 

0.86 

3.86 

0.03 

*t3 

94  10 

: 

[.38 

85.40 

1. 18 

69  45 

0.93 

3  57 

0.04 

U 

8738 

] 

1.48 

7930 

1  27 

64  so 

1. 00 

3  31 

0.04 

^ 

«i  S6. 

] 

t.S9 

74.01 

1.36 

60.19 

1.08 

3.09 

0.04 

* 

7646 

] 

I  70 

69.38 

1.45 

56  43 

I. IS 

2.90 

0.05 

n 

71  96 

] 

[80 

65.30 

1.54 

53  II 

1.23 

3.73 

0.05 

^96 

1 

[.91 

61.67 

1.63 

50.16 

I   29 

2.57 

0.05 
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values  are  based  on  a  maximum  fiber-stress  of  13  000  lb  per  sq  in,  rivet-ho 
deducted.     See  paragraph  on  Riveted  Single-Beam  and  Double-Bes 
pi«r  603.  and  the  foot-note  for  same  regarding  fiber-stresses.    Weights  of  gird< 
to  lengths,  center  to  center  of  bearings. 


(0  Sticngtli  ol  Beanu  and  Be&m  Girdeis 

TOU  XV  (CoatluMd).    Sail  Cnifom  Loadi  In  Ton  of  i  on 
for  RhrcMd  StMl-<MB  Boi  Olrdan 
Two  n-ta  Mttl  I  beuin  md  two  14  Iff  ji-ia  net]  pUlg 


■£ 

rt? 

lVo.>in 

i 

^ 

Twoia-ln 

bsm>. 

n» 

31 .81b 

* 

i  JL 

per  ft 

J 

UL 

per  It 

Incn 

DI*- 

•S 

,.,  .-—„:. 

nwBi 

TwDrt«l;ditB. 

Two  Boel  p1»t«.            lof^r. 

cento  to 

4b)' Hi 

14  by  rtio                 jftprMi 

Sdolouk. 

afslovb 

,„_^   in  thi 

inp. 

uBiforraly 

Weight 

icufe 

Weighl 

ft 

diitrib- 

ofiirder 

diitrib- 

af  girder 

Huu 

utod  (in- 
eluding 

wdghtof 

Onclod. 
ingrivrt- 
h«d».  in 

Jtwnin- 

thicknni 

cluding 
weight  of 

(includ- 
ing rivet- 
head.),  in 

thicknou 

plni 

girder). 
intoniof 

tons  of 

offUoBC- 

girder). 

lorn  of 

aooolb 

ol  flange. 

Pkta 

10 

64  94 

0.6s 

J.7S 

S«.oS 

0S7 

3»l              0. 

340 

saSo 

0.«3 

0,J8 

4S.«> 

o.a 

WW 

0.84 

46X1 

4>.tS 

0.80 

a.7»            0 

U 

43  J9 

I, SO 

JB-W 

o.Sj 

I,S3              0 

■e 

a34 

36-30 

"38                0 

38^20 

.'■'*                0 

■1 

j6.og 

t.i* 

I'J.       '         ** 

19 

M.l8 

1,« 

1.91 

3D  37 

1.08 

0 

90 

3».47 

I.JO 

I.SJ 

39-04 

1 14 

1.90 

30.9J 

1  36 

i.7« 

W.S6 

1. 81 

»9sa 

I. as 

1.49 

ifia 

..6s 

aria" 

■  .S6 

1.5< 

a4.ll> 

1.58 

as 

as.98 

1.6» 

i.Ss 

»4.9S 

1? 

i.tf 

1^48 

ar 

i^ai 

1> 

U.19 

1.60 

■  -36 

1* 

n.39 

l.«8 

i.j» 

ao.oj 

i.fis 

» 

«.6s 

I.«S 

i.n 

19.36 

171 

'-*T 

3* 

ilO.I» 

1.08 

1.B3 

1. 19 

3> 

I».«8 

I7-fi0 

l.St 

W 

l».IO 

194 

i<i:s» 

K.09 

at 

IB.D4 

1  M 

1.06 

37 

a, 40 

1,01 

3« 

17.09 

0.99 

IS.aB 

3» 

16.6s 

J.S3 

0.96 

U.B9 

a.ia 

0.98 

The  ibovE  vijiis  ir 


in  ■  muimBoi  fibei-Uies  of  ij  ooe  lb  per  m  in,  ^ii 
■e  |»ngnph  dd  Riveted  Siogle-Bom  and  r><MA 
-note  foi  same  legardinf  Gber-Mraaet.    Wcisfats  a 

o  center  of  beanoga. 


Tables  of  Safe  Loads  for  Sted  Beams  and  (Mrdeia 

•  XV  (CmtiBaad).     Bafa  Usifona  LotOi  la  Toni  of  i  s<w  t>«a 
for  KlnMd  Btwl-BHm  Bm  OMk* 

Two  le-b  ited  I  Bmn  ind  two  ii  by  H-io  Rid  plUs 


^h«An 

n 

.  hiX".!  . 

Two  l»ia 

T 

TT 

TWOTO-IB 

bami. 

in 

r 

3S.»lb 

■TTTb 

^ 

y 

k. 

perft 

r>K^ 

L 

perft 

IDCTOW 

Db- 

T* 

«it«i 

*a 

Twxteolplj 

in  weigh; 

ofgirdo 

'or  Hhi 

^W              t^byya. 

U  by  H  in 

^_  ls.I.lo*l. 

Weight 

Iru:f»e 

uniformly     Weight 

IrK:T.» 

in  thick 

^'    1  diltrib- 

ofprdm 

Iwdifor 

lt>-in  ln- 

diatrib-     olginler 

duding 

linclud- 

at«l  (in-     lioclud- 
eiuding  linarivet- 

>i.«ai" 

flBtel 

jw-iihlof 

wetihIor:liaadi),  in 

Is^ 

loos  of 
looolb 

dOange- 

girder..   ]    tons  of 
inWn!o(     Jooolb 

olfUnge- 
piata 

O.SS 

a.SB 

MU 

0.47      ■      ».fi, 

U        1        40.SI 

36 

0  SJ            a. 40 

"     1      Ji9« 

o^es 

3»^6» 

os6            J  JO 

99 

30.18 

o.fli            2  w 

u  j  ^;« 

o.rt 

8S 

0.66            ..89 

0.d3 

36.15 

0.71            I.j6 

tf 

o.!t 

fa 

MSI 

0.7S         ..as 

0.04 

J6,C9 

o.M 

Si 

JJ.OS 

M-«4 

0.98 

oiss              1^47 

w 

«.3« 

I.O* 

' 

3fi 

K.6s 

a.*            1.39 

o.oj 

a 

ai.iS 

I.B* 

, 

30 

I»,6i 

094            J  ja 

0.0s 

f  " 

a.M 

0:99            I^>6 

»'iS 

IS 

17.83 

1] 

■g  tf 

I.J6 

17.06 

1S4S 

0«              rt.3S 

006- 

1.36 

<U              IS.69 

I,  IS            l!o9 

It 

n!<* 

I.4> 

00              IJ.09 

o!a6 

I6-4J 

96             M.B 

in           o.g» 

O.OJ 

« 

■s.&« 

l-JJ        ,        094 

t 

1S.»» 

I.S8 

0 

89              I3SJ 

0.07 

„ 

MT8 

[.e« 

e 

8fi            13.09 

I.41            0.88 

ooT 

I-«9 

U         ii-fis 

I.*6            0.8s 

o.cA 

J> 

S>            11. 16 

I.H            o.SI 

•.of 

T»              11.89 

I. a           a. 80 

o.dS 

«.a4 

I.S6 

rt              I1.S4 

I.«o            0.78 

i»6t 

191 

l.«S 

0.C9 

^ 

11  33 

i.9« 

0.09 

".» 

JO            10.60 

009 

'  * 

II.«7 

1.79 

o.«9 

o.c9 

> 

11.37 

a.  13 

■"»          '-* 

o.«7 

■  •hiRnlua  bued«« 

uiimuB  fiber-ttm  d(  11  ooo  lb  ner  h  in 

riTet-boLe 

tt  lu^cs  deducted.     Sec  iiui«n«li  on  Rivaled  3<D«l<-BeiLiD  uid  Da 

bk-BcD 

■t.Mc6M.>«llhe  («><-» 

ol  girder 

ulagtlB. 

ceottr 

IOC 

Btei 

olbo 

irian- 

612 


Strength  of  Beami  tuid  Beam  Girdera 


Baaini  Supportinf  Bride  Wtlli.    In  calculatiog  tbe  >ue  gf  ■  girder  to  n 

port  a.  brick  wall,  Itie  Urucluie  of  tbe  wall  ihiiuld  be  carefully  coosidotd. 

tbe  wall  is  witbout  openings  uid  does  not  support  ttoor-besms,  only  iiaX  \ 

of  tbe  wait  included  within  the  dotted  line^  tig.  10,  need  be  conskleRd  u  b 

supported  by  tbe  girder.    The  beams  in  that 

case,  bowever,  should  be  made  very  STIM,  so  A  B 

as  to  have  little  deflection.    If  there  are 

Ecveral  openings  above  the  girder,  and  especi- 

»lly  if  there  is  a  pier  over  tbe  middle  part  of 

it.  as  shown  in  Fig.  11,  then  the  manner 

which  tbe  loading  is  distributed  should  be 

carefully  considered.     In  a  case  of  this  kind. 

only  the  dead  weight  Included  between  the 

dotted  lines  AA  and  BB  should  be  considered 


as  coming  upon  the  girder,  and  proper  allowance  made  fo 
of  tbe  grcalet  part  ol  the  load  at  or  neat  Ihe  middle.  If,  however,  Ibe  1 
two-thirds  their  tolal  width,  or  more,  above  Ihe  ginlet,  th 
enable  to  suppose  that  the  wall  indudeil  between  the  line 
in  the  girder,  and  slu  to  consider  that  thi^  l^ad ;  ie.  UHieorulV 
When  beams  extend  under  the  entirt  length  at  a 
which  is  more  than  i6  ot  i8  ft  long,  the  weight  of  tbe  entire  wall  rather 
Ihe  weight  ol  a  triangular  part  of  it  should  be  taken  as  commg  upoi 
beams;  for.  If  they  should  bend,  the  wall  woul.l  settle,  and  mi.cht  pus! 
tbe  supports  and  cause  the  whole  structure  to  fall.     (See,  also,  page  31& 


S,  Framlnf  ind  Connecting  Steel  Beams  and  Girdera 
Standard  Ssparators.    When  beams  are  used  I0  support 


ug 


:  by  nde;   and  should  ii 


to  carry  Boor-beams,  they  a 

eases  be  connected   by  means 

closely  between  the  flanges  ot  the  beams.    The  office 

measure,  to  hold  in  portion  the  compression-flanges  of  the  beams  by  ptcvi 

them  to  act  in  unison  as  regards  VEttlCAL  DeilEcnoN.  Separators  : 
be  provided  at  the  supports,  at  points  where  heavy  concentrated  loai 
bnposed,  and  at  regular  intervals  of  from  5  to  6  ft  between.  Tbe  ID 
tions,  dimensions,  etc.,  given  in  Table  XVI,  are  for  the  stANPARn  sepa* 


Fmning  and  Connecdiig  Steel  Beams  sod  Girders 
TaM*  Xn.'    Ssfanton  for  9tMl  BMdu 
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Chap. 


Gas-Pipe  Separators.  Separators  formed  of  pieces  of  oas-pife,  cut  to  i 
desired  lengths  and  slipped  over  the  bolts  are  often  used  by  contractors.  (! 
bottom  of  Table  XVI.)  Such  separators  permit  the  beams  to  act  independei 
of  each  other,  and  should  not  be  used  in  any  place  where  one  beam  is  liabb 
receive  a  greater  load  than  the  other;  and  as  this  condition  exists  in  aln 
every  case  where  two  or  more  beams  are  used  together,  it  follows  that  "o 
iron  separators,  made  to  fit  the  space  between  the  beams,"  should  be  sped 
in  almost  every  instance.  As  noted  in  Table  XVI,  gas-pipe  may  sometime! 
used  for  5,  4  and  3-in  beams.  Separators  with  two  bolts  should  be  used 
beams  x  2  in  or  more  in  depth.  For  1 2-in  beams  one  bolt  is  sometimes  used  w 
the  load  is  light;  for  beams  under  12  in  in  depth  one  bolt  is  sufficient. 


FRAMING 

DETAILS  OF  FRAMING  BETWEEN  COLUMNS 


6HOP-DRAWINQ  OF  OIRO£R     (STANDARD  CONNECTIONS  FOR  •  BEAMS, 


SECTION  A  B 


BECTION  C  D 


T 


o 

o 

-  o 


PLAN  OF  ABOVE  WITH  UPPER  FLAN0E8  REMOVED  ELEVATION  8H0WINQ  THE  COPINQ  OF  BC 

CONNECTIONS  FOR   BEAMS  AND   GIRDERS 

**  Connection-Angles  shall  in  no  case  be  less  in  thickness  than  the  web  of  the  % 
or  ^rder  to  which  they  are  fastened,  nor  shall  the  width  be  less  than  H  the  dotl 
the  beam,  except  that  no  angle-knee  shall  be  less  than  2W'  wide  nor  requifea  t 
more  than  6"  wide.  Web-Rngles,  the  full  depth  of  the  web,  must  be  used  f or  all  gii 
conaectioDS.  '* 

Fig.  12.    Framing  of  Steel  I  Beams  and  Girdexs 

Beam-Connections.  Steel  beams  and  channels  are  framed  together 
means  of  short  pieces  of  angles,  which  are  usually  riveted  to  the  floor-beax 
tail-beam  and  bolted  to  the  girder.  The  angles  are  always  used  in  pairs^  on 
each  side  of  the  beam.  If  the  floor-beam  is  framed  flush,  dther  with  the  t<^ 
bottom  of  the  girder,  or  if  two  beams  of  the  same  height  are  framed  together, 
end  of  the  beam  supported  should  be  coped,  or  cut  to  fit  the  shape  of  the  gl 
or  supporting  beam.    The  maximum  deaianoe-space  allowed  between  the 


Fhuning  sad  Ctnaectms  Stod  Boauu  and  Glrden 


ii 


mil 


im  Ml  in  la  the  smaller  be&ms  to  H  in  in  the 
«  various  details  of  beams  (rained  logelber 
beam  rests  on  top  of  another  beam  or  girder, 
secured  by  means  of  a  pair  ol  irrought-iion 


016 


strengtn  oi  iseams  and  iseam  (xiidetB 


Cbap. 


CUPS,  shown  in  Fig.  14,  shaped  so  as  to  fit  closely  the  top  flange  of  the  gird 
and  dther  bolted  or  riveted  to  the  opposite  sides  of  the  lower  flange  of  the  floi 
beam. 

Fig.  16  shows  one  method  of  framing  the  ends  of  wooden  floor-joists  to  st 
beams,  a  4  by  3  by  H-in  angle  being  riveted  the  whole  length  of  the  steel  bea 
by  H-in  rivets,  about  6  in  apart.    The  jobts  are  usually  secured  by  iron 


.XVz»/A»*OT 


rig.  14.  Clip  for  Fas- 
tening Steel  Beam  on 
Top  of  Another 


Fig.  15.  Steel  Beams 
Fastened  One  <m  the 
Other  by  Clips 


Fig.  16.    Framing  of  Wood 
Joists  to  Sted  I  Beam 


CLAMPS  or  ANCHORS,  and  framed  about  i  in  above  the  upper  flange  of  the  bet 
to  allow  for  settlement.  If  these  joists  are  over  3  ft  apart,  short  lengths  of  ang 
may  be  placed  under  each  one.* 

Standard  Connectioa-Angles  for  I  Beams  and  Channels.    The  size 

the  angles  and  the  number  of  rivets  used  for  connecting  steel  beams,  va 
somewhat  with  different  shops  and  with  different  structural  engineers,  so  tl 
there  cannot  be  said  to  be  a  universal  standard.  The  variations  in  the  difii 
ent  STANDARDS,  however,  are  not  very  great,  and  as  the  connections  adopt 
by  the  Carnegie  Steel  Company  are  perhaps  the  most  used,  the  author  has 
lected  them  for  illustration  in  Table  XVII.  The  connections  have  been  p 
portioned  with  a  view  to  covering  most  cases  occurring  in  ordinary  practi 
with  the  usual  relations  of  depth  of  beam  to  length  of  span.  In  extreme  : 
stances,  however,  where  beams  of  short  relative  span-lengths  are  loaded  to  th 
full  capacity,  or  when  beams  frame  opposite  each  other  into  another  beam  wi 
web-thickness  less  than  Ma  in,  xt  may  be  found  necessary  to  make  provi^on  1 
additional  strength  in  the  connections.  The  lihiting  span-lengtbs,  al 
at  and  above  which  the  standard  connection-angles  may  be  used  with  perf< 
safety,  are  also  given  in  Table  XVXII. 

*  For  details  of  the  framing  of  floor-beams  and  girders,  see  Chapters  XXI  and  XS 
and  also  Professor  Nolan's  revised  Chapters  11  and  VII  of  Kidder's  Building-Constnicti 
and  Superintendence,  Part  II,  Carpenters'  Woik. 


ling  and  ConiiectiDg  Sted  Beams  aud  Girders 
TabU  Xvn.*    CgmwctfaiM  Ht  StMl  Beans 


TelsbtlTO) 

^  ^^        1 


Weight  IS  lb 


*  Fnm  Ppcket  CoBpuugo,  Cuncgic  Si 
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Table  jlvui.*    Limitinc  Vahiea  of  Ooimoctioiis  for  Stoel  Beams 


Value  of 

Values  oi  outstanding  less  o(  connection-ansles 

Zbe 

ams 

web-con- 
nection 

Field-rivets 

Field-bolts 

Shoi>- 

^4-in  rivets 

or  turned 

bolts. 

single 

shear, 

lb 

Min.  allow- 

H-in rough 

Min.  allow- 

Depth, 

Weight. 

nvets  m 

able  span. 

• 

bolta. 

abke  span. 

lb  per 

enclosed 

uniform 

single 

uaifonn 

in 

ft 

bearing, 
lb 

load, 
ft 

m 

shear, 
lb 

load, 
ft 

27 

90 

8a  539 

61900 

1      18.9 

^ 

49500 

33. b 

24 

J  79.9 
1  74.2 

67500 

53000 

17  5 

^ 

42400 

21.9 

64260 

53000 

X6.4 

4^ 

43400 

ao  4 
17.8 

2t 

60.4 

48150 

44300 

14.2 

N 

35300 

20 

65.4 

45000 

35  300 

17.6 

yi 

38300 

23    T 

iS 

J  54-7 
(48. 3 

41  400 

35300 

]ii 

^ 

28300 

16.7 

10 

34300 

35300 

\U 

28300 

15.4 

15 

J  42.9 
<37.3 

35300 

8.9 

H 

38300 

IX. X 

35300 

11 

H 

38300 

xo.a 

V9 

J  31.8 
I  27.9 

23600 

26500 

91 6 

21  200 

90 

X9170 

26  500 

9-3 

Ms 

21  200 

9.2 

VA 

J  25. 4 
I  32.4 

27900 

17  700 

7  4 

H 

14  100 

1:1 

22680 

17700 

6.8 

H 

14  100 

9 

21.8 

26 100 

17  700 

5  7 

H 

14  100 

7.1 

R 

J  18.4 
«I7.$ 

2A300 

18900 

17700 

4  3 

H 

14  100 

5-4 

17700 

V, 

^ 

t4  100 

f:i 

7 

IS  3 

II  300 

8800 

^ 

7  TOO 

6 

13   5 

X0400 

8800 

4  4 

H 

7  100 

II 

5 

10. 0  • 

9SOO 

8800 

29 

^, 

7  100 

4 

7.7 

8600 

8800 

3.2 

7  100 

2-7 

3 

5.7 

7.700 

8800 

1.3 

H 

7  100 

1-4 

Allowable  Unit  Stress  im  Pounds  psa  Square  Inch  t 


Single 

shear 


Rivets shop  za  000 

Rivets  and  turned 

bolts field  10  000 

Rough  bolts field    8000 


Bearing 


Rivets,  enclosed.. shop 
Rivets,  one  side,  .shop 
Rivets  and  turned 

bolts field 

Rough  bolta field    x6 


t  «  Web-thickness,  in  bearing,  to  develop  maziinuni  allowable  reactions,  wl 
beams  ftame  opposite 

Connections  are  figured  for  bearing  and  shear  (no  moment  considered) 

The  above  values  agree  with  tests  made  on  beams  under  ordinary  oondttioiig 
use 

Where  the  w^  is  enclosed  between  connectioii-angles  (enclosed  bearing) ,  vali 
are  greater  because  of  the  increased  efficiency  due  to  friction  and  grip    ' 

Special  connections  must  be  used  when  any  of  che  limiting  conditions  si^ 
above  are  eiceeded,  as  when  an  end-reaction  from  a  loaded  b^m  is  Kreat«r  th 
the  value  of  the  connection  of  the  shorter  scan  with  the  beem  fully  leaded;  or  a  1 
thickness  of  web  when  maximum  allowable  reactions  are  used 

*  From  Pocket  Companion,  Carnegie  Steel  Company.  Pittsburgh,  Pa. 
t  For  slight  variations  from  these  values,  see  Chapter  XXVIII.  Table  I  and  Cb 
KXX,  4.  ^resaea. 
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Table  ZUL*     Lenfths  «nd  Weifhts  of  Tie-Rods  and  Anchors  for  Steel 

Beams 

AlfEtlCAN  BUDGE  OOICPAKY  STAKD\U> 


«<'tolW    KtolK* 


M-INCH  TIE-RODS 


.^— a-">i 


tEMGTBS  SHD  WbIGHTS  fOR  VaSZODB  DISTANCB8  CSNTBR  TO  CSNTSR  OF  BeAMS 

Weights  include  two  nuts 


CtoC 

L'th 

Wgt 

CtoC 

L*th 

Wgt 

CtoC 

L'th 

Wgt 

CtoC 

L'th 

Wgt 

fit  in 

ft  in 

lb 

ft  in 

ft  in 

lb 

ft  in 

ft  in 

tb 

'ft  in 

ft  in 

lb 

f    0  '  I    3 

2  30 

1    3 

I    6 

2.67 

I    6 

1    9 

3  05 

X    9 

a    0 

3  42 

»   0 

2    3 

3.80 

2    3 

2    6 

4.17 

2    6 

2    9 

4SS 

2    9 

3    0 

492 

i    0 

3    3 

S.30 

3    3 

^  5 

5.67 

3    6 

3    9 

6.0s 

3    9 

4    0 

6.42 

4    0)43 

6.80 

4    3 

4    6 

7.17 

4    6 

4    9      7  55  ; 

4    9 

5    0 

7.92 

S    0  '  S    3 

8.30 

5    3 

5    6 

8.67 

S    6 

1    9 

9  OS 

5    9 

6    0 

9  42 

«    0     6    3 

9.80  ; 

6    3 

6    6 

10.17 

6    6 

6    9 

10.  S5 

1  6    9 

7    0 

10.92 

7073  '"-30 

7    3 

7    6 

11.67 

7    6 

7    9  ,12.0s 

7    9 

8    0 

12.42 

§083  j".8o 

8    3 

8    6 

13.17 

8    6 

8    9 

13. 55 

8    9 

1 

9    0 

13.92 

For  strength  of  rods,  see  Table  11,  page  388. 
Anchors* 


SWSDGB-BOLT 


Government  Anchor 


i3E 


Weight  indndes  not 
Built-In  Anchor-Bolts 


?^fm&:3:> 


H 
1 


Lcoirth 


ft  in 


0  9 

1  0 
1  0 
1  8 


Weight 


lb 


U 
2.3 
3.1 
6.1 


^-in  rod,  i  ft  9  in  bng.    Wt.,  3  lb 
Angle-Anchok 


8  «  7i  X  6 
plates 


center  to  center  of  anchors  is  less  than    Two  angles,  6  by  4  by  Tie  by  aH  in 
width  of  washer,  use  washer  with  two  holes  Weight  with  ^-in  bolts,  7  lb 


For  bcarmg-pUtcs,  bases,  etc.,  see  Chapter  XIII. 

*  From  Pocket  Companion,  Carnegie  Steel  Company,  Pittsbttrgh.  Pa. 
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CHAPTER  XVI 

STRENGTH    OF    CAST-IRON    LINTELS    AND    WOODE 

BEAMS 

By 
F.  H.  KINDL 

LATE  CORKESPONDXNG  IfEUBBR  AlfEUCAN  TNSTITUTB  OF  ARCHXTECTt 


1.   Cast-iron  UntolB 

Form  of  Cross-Section.  Owing  to  the  fact  that  the  resistance  of  cast  ii 
10  tension  is  only  about  one-fifth  of  its  resistance  to  compression,  the  Rttap^ 
beams  most  economical  for  wrought  iron  or  steel  would  be  wasteful  for  c 
iron.  The  extreme  brittleness  of  cast  iron,  and  the  danger  of  flaws  in  castin 
render  it  an  undesirable  material  for  resbting  transverse  stress.  About  1 
only  form  in  which  cast-iron  beams  are  now  used  in  building-construction, 
this  country  is  in  the  shape  of  untels  for  supporting  brick  or  stone  walis^ 

places  where  a  flat  soffit  is  desired,  and  the  walls  i 
not  to  be  plastered.  Cast-iron  lintels  are  a 
occasionally  used  over  store-fronts,  the  face  of  i 
lintel  being  paneled  and  molded  for  architect!] 
effect. 

Experiments  on  Cast-Iron  Beams.  Bef 
wrought-iron  I  beams  were  manufactured,  ca 
IRON  BEAMS  Were  frequently  used  as  the  o 
available  ones,  other  than  those  of  wood  or  sto 
Early  in  the  nineteenth  century  Eaton  Horfgfc 
son,  an  English  engineer,  made  a  series  of  «cp 
ments  with  cast-iron  beams,  from  which  he  foi 
that  the  form  of  cross-section  <^  a  beam  of  t 
material  which  will  resist  the  greatest  transv^ 
stress  is  that  shown  in  Fig.  1,  in  which  there  is  six  times  more  metal  in 
tMttom  than  in  the  top  flange.  The  relative  thicknesses  of  the  three  parts, 
web,  the  top  flange  and  the  bottom  flange,  may  be,  with  advantage;,  as  5,  6  a 
S,  respectively. 

Strength  of  Cast-Iron  Beams.    If  made  with  these  proportions^  the  wi 
of  the  top  flange  will  be  equal  to  one-third  that  of  the  bottom  flange.     As 
result  of  his  experiments,  Hodgkinson  gave  the  following  rule  for  the  bieakj 
vreight  at  the  middle  for  a  cast-iron  beam  of  this  form: 


Fig.  1.    Crooc  aection  of  Cast- 
ircm  Lintel  of  Ideal  Fonn 


Breaking-ioad  in  tons 


(area  of  bottom  flangeX     /   depth   \ 
m  square  mches     /     \m  uiches/ 


dear  span  in  feet 


This  rule,  although  largely  empirical,  agreed  very  well  with  the  few 
ments  that  were  made.    Structural  engineers,  however,  use  the  general  fors 
las  for  the  strength  of  beams,  as  given  in  Chapter  XV,  except  that  the  S£cm 
MODULUS  is  found  by  dividing  the  moment  of  inertia  by  the  distance  of 
neutral  axis  from  the  bottom  of  the  beam,  and  the  safe  tensii.e  sx&skgz 
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Bed  b  the  rLExuRE-FOSMUiA.    Thus  the  general  fonmila  for  a  beam  supported 
at  both  tuds  and  with  the  load  uniformly  distributed,  as  given  in  Chapter  XV, 

Sife load  in  pounds ^%—XSt,    As  St,  the  safe  tensile  strength  for  cast 

fan  sbooid  be  taken  at  3  000  lb,  this  formula  becomes 

2  000 1/c 


Safe  load  in  pounds 


/ 


(2) 


tad,  (or  either  section  given  below. 


/A- 


Moment  of  inertia 


15 


-1  r 


k- 


NBUTRAL  AXia' 


The  HQMEST  OF  INERTIA.  IS  Computed  by  the  formula  (see  page  337) 


(3) 


iivhich  h  denotes  the  combined  thickness  of  the  webs,  and  the  distances  d, 
i,  zad  it  are  measured  from  the  neutral  axis,  which  must  pass  through  the 
PBnzR  OF  GSAvrry  of  the  section.  The  center  of  gravity  may  be  found  by  the 
■thod  explained  in  Chapter  VI.  This  formula  may  be  used  for  any  of  the 
(bve  sections  when  th6  depth  does  not  exceed  the  width,  and  the  thickness  of 
JBk  web  is  at  least  equal  to  the  thickness  of  the  flange.  In  lintels  with  a  singlr 
^  it  is  well  to  make  the  thickness 


X- 


r 


T 
1 


f 


S 


Itbe  web  ^  or  H  in  greater  than 
p  frhickTifiw  of  the  flange.  For  a 
■u  with  a  cross-section  like  that 
pn  in  Fig.  1,  Fonnula  (2)  agrees 
fey  cbsely  with  Formula  (i),  when 
pkctor  of  safety  of  six  is  used. 

The   following   example  •  r6=28  ^ 

the  appUcation  of  Formula    pjg.  2.    Cross-aection  of  Cast-iron  Lintel 
It  is  required  to  compute  the  safe  with  Three  Webs 

for  a  cast-iron  lintel  having  the 

shown  in  Fig.  2  and  a  clear  span  of  10  ft.    The  load  is  uniformly  dis- 
and  the  thickness  of  the  metal  i  in. 


The  first  step  is  the  finding  of  distance  d,  that  the  center  of  gravity, 
wfaidi  the  neutral  axis  of  the  cross-section  passes,  is  below  the  top- 
tahoe  of  the  beam.  This  is  found  by  taking  the  moments' of  the  areas  of  the 
■B-aectioos  of  webs  and  flange  about  the  line  XY,  and  dividing  their  siun  by 
feuea  of  the  entire  section.  (Sec  page  234.)  Each  web-section  is  iz  in 
Ibaad  I  in  thick;  hence  the  area  of  each  is  1 1  sq  in.  The  MOiiENTS  or  tbe 
■E  WEBS  about  Xr  will  then  be  3  X  1 1  X  5V2  -  181.5 

he  IKKXEHT  or  THE  7LANGE  about  XY  -  2S  X  IIV6  -  3^3 

r 


503*5 


022       Strength  of  Cast-iron  lintela  and  Wooden  Beams    Chap.  ] 


The  area  of  the  entire  ciQss-aection  «  6i  sq  in 
503.5  +  61  -•  8.*s  -  rf  in 
Then  d  -  8.25  in  d*  -  561.5 

di  ••  3«7S  in  <^i*  •-    5^.7 

dt  -  3.75  in  <^  -■    30.8 

The  iiouENT  OF  INEETIA  is  next  found  by  Formula  (3): 
,     3  X  561.5  +  28  X  52.7  -  25  X  ao.8 


6  -   3m 
y-aSin 


880 


I/c  -  880/3.75.    From  Formula  (2)  the  safe  load  -  (2  000  X  234.6)/xo  -  46  < 
lb,  or  23.4  tons. 

Ends  and  Bracketa  of  Caat-Iron  Lintela.    When  a  lintel,  the  croaa-i 
tion  of  which  has  the  shape  of  an  inverted  T  (-L),  is  used  over  a  single  opening. 


Fig.  3.    Cast-iion  lintd  with  Tapering  Web 

"web  may  be  tapered  towards  the  ends,  as  in  Fig.  3»  without  affecting  the  streo] 
If  the  flange  is  more  than  8  in  wide,  brackets  should  be  cast  in  the  nuddle,  a 
A,  Fig.  3. 

When  CONTINUOUS  lintels  are  used  over  store-fronts  or  similar  pla 
ends  should  be  cast  on  the  lintels,  as  in  Fig.  4,  and  the  ends  of  abutdnip  lii 


Fig.  4.    Cast-iTOD  Lintel  with  Ends  for  Bolting 

bolted  together.    All  lintels  with  two  or  three  webs  should  have  solid  ends 
Becting  the  webs. 

Tables  of  Strength  of  Catt-Iron  Lintela.    The  tables  on  the  foHo^ 
pages  have  been  computed  in  accordance  with  Formula  (2).    The  weight  ol 
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U  itadi  ilKwld  be  deducted  £cDm  the  safe  loed.  In  uaiag  these  Ubies  it 
hraki  be  remembered  that  the  values  are  for  loads  uniformly  distributed. 
I  the  load  is  ooncentsated  at  the  middle,  it  should  be  multiplied  by  2.  If 
fttmt  other  point  than  the  middle,  the  load  should  be  multiplied  by  the  value 
liven  on  pages  566  and  632,  which  most  nearly  corresponds  with  the  position 
|ltke  load.  For  other  spans  than  those  giveOf  the  distributed  load  should  be 
Ntipfied  by  the  span,  and  the  lintel  used  which  has  a  coefficient  of  strength 
r  (Table  I)  jost  above  the  product  thus  obtained.  (For  explanation  of  coeffi- 
liflBt  of  strength,  see  Chapter  XV,  page  556.) 

I  iBu^le.  It  is  required  to  support  a  12-in  brick  wall,  10  ft  high,  over  an 
bniag  5  ft  6  in  wide,  with  a  cast-iron  lintel.  At  a  distance  of  22  in  from  one 
npirt  a  girder,  which  may  bring  a  load  of  9  600  lb  on  the  lintel,  enters  the 
mL  What  should  be  the  dimensions  of  the  lintel? 

Matloa.    At  iiolb  per  cu  ft,  the  wall  above  the  lintel  weighs  10  X  5H  X  iio 

^6050  lb.    As  22  in  is  one-third  of  the  span,  the  concentrated  load  is  multi- 

^  by  1.78  (page  632),  making  the  load  17  088  lb.    The  total  equivalent  dis- 

lAoted  load  is  then  23  13S  lb.    Multiplying  this  by  the  span  there  results 

3591b,  or  63.6  tons,  as  the  least  value  for  the  coefficient  of  strength  C.    From 

it  is  found  that  a  12  by  zo-in  lintel,  x  in  thick,  with  one  web,  has  a 

of  strength  <^  72.2;  and  that  a  12  by  8  by  iH-in  Hntel  with  two  webs, 

oodfident  of  streo^h  of  69.9.    A  lintel  with  two  webs  is  best  for  a  12-in 

and  interpolating  between  the  values  of  C  for  the  i-in  and  2-in  thicknesses 

la  by  8-in  lintel,  65.4  is  found  to  be  the  value  of  C  for  a  thickness  of  1V6 

This  eiceeds  the  required  value  by  enough  to  more  than  compensate  for 

*aght  of  the  fintel  itself;  hence  a  12  by  8  by  iH-in  lintel  with  two  webs 

Med. 

Ikwi  hi  Cattisgs.     Owing  to  the  liability  of  flaws  in  the  castings,  cast-iror 
Mns  siiould  always  be  caxcfuUy  inspected  before  being  accepted. 
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Tabla  I.    Safe  Dbtribated  Loads  ia  Tons  for  Cast-IroB  Untels 


Ldttkls  or 


--4-- 
I 


I 


:^ 


SSAPES 


«-WIOTN-«J  1«-WI0TH-|| 


I 


Loads  indude  weights  of  linteb.    liaximum  tensile  streas  3  coo  lb  per  tq  in.    ! 
remarks,  pages  622  and  623. 


Size, 
width 

by 
depth, 

.in 

Thick- 
ness of 
metal, 
in 

Weight 

per 

foot, 

lb 

c, 

tons 

Span  in  feet 

5 

6 

7 

8 

9 

10 

II 

£ 

6x  6 

I 

m 

26.3 

34.4 
42.0 

IS. 9 
19.0 

21.5 

3.18 
3.80 
4.30 

2.6s 
3.16 
3.58 

2.27 
2.71 
3.07 

1.98 
3.37 
2.68 

1.76 
2. IX 

a.39 

1.59 
1.90 
2.1S 

1.44 
1.72 

1.9s 

T  1 
**• 

7X  6 

I 

iH 

28.6 
37.5 
45.9 

17.8 
21.3 

24.0 

3.56 
4.26 
4.80 

3.96 

3. 55 
4.00 

2-54 
3.04 
3-43 

2.22 
2.66 

3.00 

1.98 
2.36 
2.66 

l.7« 
2.13 
2.40 

1. 61 

X-93 
2.1S 

*  • 

7X  7 

H 

I 

31.0 
40.6 
498 

23.6 

27. S 

31.4 

4. 52 
5. so 
6.28 

3.76 
4.58 
5.23 

323 
3.93 
4.49 

2.82 
343 
3.92 

2.  SI 
3.0s 
3.49 

2.26 
2.75 
3.14 

2.05 
2.50 
2.85 

*• 

8x  6 

I 

31.0 
40.6 
49-8 

19.6 
23.4 
26.4 

3.92 
4.68 
5.28 

3.26 
3.90 

4.40 

2.80 
3.34 
3.77 

2.45 
2.92 
3  30 

2.18 
2.60 
2.93 

1.96 

2.34 
2.64 

1-78 
2.12 

2.40 

3. 

8X7 

I 

33.3 
43.7 
S3. 7 

25.0 

30.3 
34.8 

5.00 
6.c6 
6.96 

4.16 
5.05 
5. 80 

357 
4.33 

4.97 

3.12 
3.79 
4.35 

2.77 
3.36 
3.86 

2. so 
3  03 
3.48 

2.27 

2-75 
3- 16 

3. 
a. 
3. 

8X  8 

I 

35.6 
46.8 
57.6 

30.6 
37.6 
43.4 

6.12 

7. 52 
8.63 

S.io 
6.26 
7.23 

4.37 
5. 37 
6.20 

3.82 

4.70 
542 

3.40 
4.18 
4.82 

3.06 
3.76 
4.« 

2.78 
3.41 
3-94 

2. 
3. 

8X  9 

1 

38.0 
50.0 
61. 5 

36. 5 

45.2 
52.6 

7.30 

9.04 

10.52 

6.06 

7. S3 
8.76 

5.21 

6.45 
7.51 

4.56 
5  6s 
6.57 

4  05 
5.02 
S.84 

365 
4. 52 

S.26 

3.31 
4.11 
4.78 

3. 

3. 

I2X  6 

H 

I 

40.4 
53.1 
65.4 

26.S 
31.6 
34.8 

5. 30 
6.32 
6.96 

4.41 
S.26 
S.80 

3.78 
4. SI 
4.97 

3.31 
3. 95 
4. 35 

2.94 
3. SI 
3.86 

2.6s 
3.16 
3.48 

2.41 
2.87 
3.16 

a, 

12X  8 

H 
I 

45. 0 

594 
73.2 

41.7 
51.2 

58.5 

8.34 
10.24 
11.70 

6.95 
8.53 
9.75 

5. 95 
7.31 
8.35 

5.21 
6.40 
7.31 

4.63 
5.69 
6.50 

4.17 
5.12 
5. 85 

3-79 
4.65 
5-32 

3 

12X10 

H 

I 

49  8 
65.6 
81.0 

58.0 
72.2 
83.8 

II  60 

14.44 
16.76 

9.66 
12.03 
13.96 

8.28 
10.31 

11.97 

7.2s 
9.02 

10.47 

6.44 
8.02 

9.31 

5. 80 
7.22 
8.J1S 

5.27 
6.56 
7.62 

-4 
6 

12X12 

I 
iV4 

54.4 
71.9 
88.9 

75.2 

94.8 

III. 5. 

IS  04 
18.96 
a^3o 

12. S3 
15.80 

18.58 

10.74 
1354 
15.93 

9.40 
11.85 
13.93 

8.35 

10.53 
12.39 

752 

9.48 

II.  15 

6.83 

8.6(2 

10.  la 

•3 

Cast-iron  Untels 
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friie  1  (CMtiuMd).    Saft  Ditliibatod  LmuIs  in  Tons  for  Co^Irai  Lintels 


Lorzxid  or 


Shapes 


loads  include  weights  of  lintels.    Maximum  tensile  stress  3  coo  lb  per  sq  in.    See 
saariB.  paces  63a  and  633. 


&e. 

sidth 
by 

. 
m 

TWck- 
nessof 

metal. 
in 

Weight 

per 

foot. 

lb 

c. 

tons 

span  in  feet 

5 

6 

7 

8 

9 

10 

II 

13 

ax6 

H 

I 

iH 

52.7 
68.8 
84.0 

31.7 
37.6 
43.0 

6.34 
7.Sa 
8.60 

5.38 
6.36 
7.16 

4.53 
5-37 
6.14 

3.96 
4.70 
5.37 

3.52 
4.18 
4.77 

3.17 
3.76 
4.30 

3.88 
3.43 
3.91 

3.64 

3.13 
3.58 

nxi 

H 

1 

62.1 
8X.3 
99.6 

49.5 
60.9 
699 

9.90 

X3.X8 

13.9B 

8.35 
XO.X5 

11.65 

7.07 
8.70 

998 

6.19 
7.61 
8.73 

5  50 
6.76 
7.76 

4.95 
6.09 

6.99 

4.50 
5.53 
6.35 

4.13 
5.07 
5.83  , 

^x  6 

I 
iW 

57.4 
75  0 

91* 

35.5 
43.0 
48.0 

7.10 
8.40 

9.60 

5.91 
7.00 

8.00 

5.07 
6.00 

6.85 

4.43 
5.25 
6.00 

3.94 
4.66 

5.33 

3.55 

4.30 

4.80 

3.33 
3.83 
4.36 

3.96 
3.50 
4.00 

11X8 

. 
1 

1 

m 

66.8 

87-5 

107.4 

55.4 
68.x 
78.8 

XI. 06 
X3-6a 
15.76 

9  23 
11.35 
13.13 

7.91 

9.73 

11.35 

6.93 
8.51 
9.85 

6.  IS 
7.56 
8.75 

5. 54 
6.81 
7.88 

5. 03 
6.19 
7.16 

4.61 
5.67 
6.56 

*xt 

1 

6a.  X 

81.3 
99.6 

39.1 
46.8 

53.9 

7to 

9.36 

XO.58 

6.51 
7.80 
8.8x 

5.58 
6.68 
7.55 

4.88 
5.8s 
6.61 

4-34 
5.20 
5.88 

3.91 
4.68 

5.29 

3.55 
4.25 
4.81 

3.25 
3.90 
4.40 

^« 

>4 

I 

71.5 
93-8 

xis.a 

6x4 

74-6. 
86.8 

13.38 

14.92 
17.36 

10.33- 

13.43 

14.46 

8.77 
10.65 
13.40 

7.67 

9.32 

10.85 

6.83 
8.39 
9.64 

6.14 
7.46 
8.68 

5.58 
6.78 
7.89 

5.11 
6.21 

7.23 

PX« 

H 

X 

71.S 

93.8 

1x5.  s 

47. » 
55.x 
63.0 

9.44 
II. 03 
13.40 

7.86 

9.18 

10.33 

6.74 
7.87 
8.85 

5.90 
6.88 
7.75 

5.34 
6.12 
6.88 

4.72 
5.51 

6.30 

4.29 
5.01 
5.63 

3.93 
4.59 
5. 16 

r 

I 

m 

80.8 
xo6.a 
XJ0.8 

72.6 
89.S 

1Q3.5 

14.52 
17.90 
aO.50 

13.10 

14.91 
17.08 

10.37 
13.78 

14.64 

9.07 
11.18 
13.81 

8.06 

9-94 

11.39 

7.26 
8.9s 

10. 3S 

6.60 
8.13 
9.31 

6.05 
7.45 
8.54 

pxto 

I 

90.2 
1x8.8 
X46.5 

XOO.5 
125.4 
X46.8 

30.I0 
35.08 
29.36 

16.75 
aO.90 
24.46 

14.35 
17.91 
ao.97 

13.56 
15.67 
18.35 

11.16 
13.93 
16.31 

10.05 

12.54 
14.68 

9.13 
11.40 
13.34 

8.37 
10.45 
13.23 

1 

1 
i 

I 

99.6 

X31.3 
162. 1 

133.6 
158. 0 

i«9.S 

24.52 
3X.60 
37.90 

20.43 
26.33 

31. SB 

17.51 
22.57 
27.07 

15.32 
19  75 
33.68 

13.62 
17. 55 
31.05 

13.36 
15.80 
T8.95 

II.  14 
14.36 
17.23 

10.21 
13.16 
15.79 

1 
1 

9< 

X 

xM 

■ 

90.3 
X18.8 
146.5 

83.4 

103. 4 

XX7.0 

16.68 
20.48 
33.40 

1390 
17.06 
19.50 

II.  91 
14.63 
16.71 

10.43 
12.80 
14.63 

9.36 

11.37 
13.00 

8.34 
10.34 
11.70 

7.58 

9  31 

10.63 

6.95 
8.53 
9.75 

626 


Strength  of  Cast-iron  Linteb  and  Wooden  Beams    Chap.  1 


TkiUe  I  (ContBUMd).    8itf«  DIstribtttad  Loads  in  Toos  for  Caot-Iroa  Listili 


LXNIXLS  OF 


Loads  include  weights  of  lintels.    Maximum  tensile  stress  3  ooo  lb  per  sq  in.    t 
remarks,  pages  Gaa  and  623. 


Sise. 
width 

by 
depth. 


m 


24x10 


34X12 


a6x  8 


aSxxo 


28X12 


Thick- 

ness  of 

metal. 

in 


H 
z 

iH 

H 

I 

H 
1 

H 

I 

H 

I 


Weight 

per 

foot, 

lb 


99.6 

131. 3 
162.  z 

X09.0 
143.8 
177.7 

99.6 
131. 3 
162. 1 

109.0 
143.8 
177.7 

1x8.3 
156.3 
193.3 


C, 
tons 


X16.0 

144-4 
167.6 

150.4 
X89.6 
223.0 

95.5 
ZI5.0 

130. 5 

X30.0 
Z64.8 
188.5 

X62.5 

2ZX.8 

252.0 


Span  in  feet 


23. ao 
28.88 
33.52 

30.06 

37.9a 
44.60 

19.  xo 
23.00 

26. 10 

26.00 

32.96 

37.70 

33.50 
43.36 

50.40 


19.33 
24.06 

27.93 

25.06 
31.60 
37.16 

X5.9I 
19.16 

21.75 

21.67 
27.46 
31.41 

37.06 

35.9> 
42.00 


X6.57 
20.63 
23.94 

2Z.48 
27.06 
31.85 

13.64 
16.43 
X8.64 

18.57 
23-54 
26.93 

23.21 

30.26 
36.00 


8 


X4-S0 
18.05 
20.9s 

X8.80 
23.70 
27.87 

11.93 
14.37 
Z6.31 

X6.2S 
20.60 
23.56 

ao.3x 
26.48 
31.50 


X2.88 
Z6.04 
18.62 

X6.71 
21.06 

24.77 

10. 6x 
12.77 
14.50 

U.44 
X8.31 
20.94 

X8.06 

23.53 

28.00 


10 


11.60 
U-44 
16.76 

Z504 
18.96 
22.30 

955 
xt.50 

13.05 

13.00 
X6.48 
18.85 

x6.2S 
ax.xS 
25.20 


zx  19 


X0.54 

13.12 

15.23 

13.67 
17.23 

20.37 

8.69 

Z0.45 
XZ.86 

IZ.82 
14.99 
17.14 

X4.77 

19.21$ 

aa.91 


9. 

12. 
13. 

Z3. 

15 

x8 

7 

9 

xo 

zo 
X3 

IS 

X3 

Z7 
2Z 


LxMTELs  or 


DCfTH 


Shapes 


16X  6 


x6x  8 


20X  8 


H 

I 

xW 

H 

I 

H 

I 


74.4 

96.9 

X18.1 

88.5 
ZX5.6 
141. 6 

97.8 
X28.X 
157.2 


43.3 
52.4 
59-3 

68.x 

83.9 
97-0 

80.2 

98.7 

X13.9 


8.66 
XO.48 
XX. 86 

13.62 

16.7s 
X9.40 

16.04 
Z9.74 
22.78 


7.31 
8.73 
9.88 

XX. 35 
13.98 

16.16 

13.36 
x6.4S 
18.98 


6.X8 
7.48 
8.47 

9.73 
XX. 98 

X3.85 

XX. 45 
X4.X0 
16.27 


5.41 
6.S5 

7.4X 

8.5X 
10.48 
12.12 

X0.02 
12.33 

14.23 


4.81 
5.82 

6.59 

7.56 
9.32 

10.77 

S.91 
10.96 
X2.65 


4.33 
5.24 
5-93 

6.8x 
S.39 
9.70 

8.09 

9.S7 

XX. 39 


3.93; 

476 
5.39 

6.Z9 
7.6a 
8.8x 


3 

A 
A 

i 
i 
t 
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TaUa  I  (ConliaiMd).    StH  Distiibvtod  LmiIb  in  Tons  for  Cut-Inm  Uiiteis 


LnrzKLs  aw 


Loads  include  wd^hti  of  lintdi.    Matitnitm  tendle  «treM  3  coo  lb  per  sq  in.    See 
Roarks,  p^es  G23  and  633. 


Sie. 

width 

by 

ia 

Thick- 

metal. 

Weight 

per 

foot, 

lb 

c. 

tons 

Span  in  feet 

5 

6 

7 

8 

9 

10 

II 

13 

»X10 

I 
iM 

IXI.9 

146.9 
180.7 

113. 0 

139.7 
163. 5 

22.40 

27.94 

32.70 

18.66 
23.28 
27.25 

16.00 
19-95 
23. 35 

14.00 
17.46 
20.43 

13.44 
15.52 
18.16 

11.20 
13.97 

16.35 

10.18 
13.70 
14.86 

933 

IX. 64 

13.62 

20x12 

X 

136. 0 

165.6 

204.1 

146.7 
184.8 
318.8 

2934 

36.96 
43.76 

24.45 
30.80 

36.46 

20.95 

26.40 
31.25 

18.33 
23.10 

27.3s 

16.30 
20.53 
24.31 

14.67 
18.48 
31.88 

13.33 

16.80 

19.89 

12.32 

15.40 
X8.34 

24X8 

94 

X 

xH 

107.2 
X4O.6 
173.6 

91.9 

113.8 

X30.3 

18.38 
22.56 
26.04 

IS.  31 
18.80 
21,70 

13.12 
16.11 
18.57 

11.49 
14.10 
16.27 

10.31 
12.53 
14.47 

9.19 

11.38 

13.02 

8.35 
10.25 

11.83 

7.66 
9.40 

10.8s 

aixzo 

x 

121. 3 
1594 
196.3 

137.8 

159-5 
183.6 

25.56 

31.90 
36.72 

21.30 
26.58 
30.60 

18.25 
22.78 

26.23 

IS.  97 
19.94 
22.9s 

14.20 
17.72 
20.40 

13.78 

IS.  95 
18.36 

11.61 
14.50 
16.69 

X0.65 
13.29 
15.30 

31X13 

X 

135-3 
178. 1 
219.7 

166.6 
309.3 

247.7 

33.32 
41.86 

49.54 

27.76 
34.88 
41.28 

23.80 
39.90 
35-39 

30.82 
36.16 
30.96 

18.51 
23.2s 
27. S2 

16.66 
30.93 
24.77 

15.14 
19.02 

22.51 

13.88 
17.44 
30.64 

9*XZO 

H 

t 

1307 

171-9 
211. 9 

141.4 
177.4 
307.8 

28.28 
35.48 
41.56 

23. 57 
29.57 
34.63 

30. 30 

25. 34 
39.68 

17.67 
33.17 

25.97 

IS.  71 

19.71 
23.09 

14.14 
17.74 
20.78 

12.85 

16.12 

18.89 

11.78 
14.78 
17.31 

rtxia 

H 

z 

1447 
190.6 

2353 

X86.0 
234.6 
2779 

37.20 
46.93 
55.58 

31.00 
39.10 
46.31 

36.57 
33.51 
39.70 

33.35 
39.32 
34.74 

30.66 

36. 06 

30.88 

18.60 
23.46 
37.79 

16.91 
21.33 
35.36 

15.50 
19. 55 
33.16 

X  S^cHowi,  atr( 


>,  BiicUinc  and  Deflectiaa  of  Wooden  Boams  and 
Oirden 


lat 

I 


The  ciQsa-sectioDs  of  woodca  beams  are 
invariably  squake  or  ascTANGULAa,  and  thoae  shapes  only  are  con^ 
in  the  following  rules  and  formulas.    Beams  should  have  such  a  cross- 
that  the  »<fitt'rimii«n  fibec-stieaa  due  to  transverse  bendiog,  the  maximum 
shear  and  the  compression  across  the  grain  at  the  end-bearings  do  not 
the  AVERAGE  ALLOWABLE  UNIT  STXESSES  as  sct  forth  in  Table  XVI. 

^  Wooden  girders  should  be  braced  laterally  to  prevent  bucklxno 

the  ratio  of  length  to  breadth  exceeds  twenty,  or  designed  with  a  reduced 
from  that  allowable*  where  this  ratio  is  exceeded.    Tables  VII  to 

asnime  such  bracing.    Joists  should  have  bridging  not  over  8  ft  on  centers. 

RacEiiTAGC  ow  KEDUcnoK  of  fiber-stress  for  girders  should  be  as  follows: 


628        Strength  of  Cast-Iron  Linteb  and  Wooden  Beams    Chap.  : 

Ratio  of  length  to  width ao  to  50    30  to  40    40  to  50    50  to 

Percentage  of  reduction 25  34  42  50 

Deflection*  It  is  also  important  that  beams  cany  the  loads  without  deflei 
ING  beyond  a  limit  fixed  by  the  use  to  which  the  structure  is  applied;  this  liz 
is  generally  taken  at  V^o  of  an  inch  per  foot  of  span  for  plastered  ceilings. 

S.  Constants  and  Coeffldents  for  Beams 

Value  of  the  Constant,  A.  The  letter  X  in  the  following  formulas  (4) 
(x6),  denotes  the  sape  load  for  a  unit  beam,  i  in  square  in  section  and  i  ft 
span,  loaded  at  the  middle  of  the  span.  This  is  also  one-eighteenth  of  1 
ALLOWABLB,  7IBBR-STRESS  in  px>unds  per  square  inch.  (See  Table'  I,  on  jft 
557.)  The  following  are  the  values  of  A,  obtained  by  dividing  by  eighteen  1 
RECOMMENDED  UNIT  STRESSES  for  TRANSVERSE  BENDING,  and  those  given  in  \ 
building  laws  of  New  York,  Chicago,  Baltimore  and  Boston. 

Table  n.*    Coefficients  for  Iron,  Steel  and  Wooden  Beams.    Values  for  A 

f        Formulas 


Materials 


Cast  iron 

Wrought  iron. 
Steel 


Yellow  pine. 
White  pine . 

Spruce 

HemkKk... 
Chestnut... 

Oak 

Douglas  fir. . 


New  York     Chicago 


167 
667 
889 

90 
67 
67 
44 


67 
67 


167 
667 
889 

72 
44 
44 
33 


67 
72 


Baltimorr. 


167 
667 
889 

xoo 
S6 
75 


83 


Boston 


167 
667 
889 

83 
S6 
S6 


Reoon 
mended 


56 


t67 
€67 
889 

67 
39 
39 
33 
44 
67 
56 


*  For  safe  allowable  working  unit  streues  for  other  woods,  see  Table  XVL  page  i 
From  these  values.  A  may  be  determined  by  dividing  them  by  eighteea.     See  T: 
XVII.  page  648,  for  other  stresses  for  woods,  taken  from  various  building  laws. 
Tables  XVIII  and  XIX,  pages  650  and  651.  for  tha  ultimate  strength  of  woods. 

t  The  values  of  A  for  wooden  beams  may  be  increafied  from  30  to  40%  for  tempai 
structures,  and  for  commercially  dry  and  protected  timber,  not  subject  to  impact,  oc 
ideal  conditions. 


Table  m.    Coefficients  Recommended  for  Stone  t  and  Concrete 

Values  of  A 


Materials 

Values  of 
A 

Materials 

Vahiet 
A 

Granite 

Limestone 

10 
8 

7 
6 

Bluestone 

r7 

Slate 

Marble 

Concrete  1:2:4 

Concrete  1:2:5 

I. 

Sandstone 

I. 

t  Values  of  A  for  sto>7e  beams  were  taken  from  former  Building  Laws  of  New  1 
and  from  the  requirements  of  the  Board  of  Fire  Underwriters. 


i  Fleiuial  StreygUi  of  Wooden  Beams  629 

\  *.  Flwonl  Bfranttli  of  W*odM  Bmidi 

SMtioD-Modiiliu.  For  beams  with  a.  recUngular  cross-section,  [he  fonnulM 
fa  anoith  can  be  simplified  by  substituting  for  the  section-hoddlus  its 
^ibt  <«  Ml,  where  b  is  the  breajlth  ajid  d  the  depth  of  the  seclion. 

SuiHtitutiiig  this  value  in  the  genen)  formulas  for  beams  with  lectaogulat 
BBs-seciions  and  of  any  material,  the  following  formulas  result: 
Iwas  Fbad  at  Oaa  End  and  Loadad  at  Iha  OQiet  (Fit-  f). 

_  breadth  x  square  of  depth  X^* 

X  length  Id  feet  '^ 


Safe  load,  in  pounds  • 


X  load  X  length  in  feet 
square  of  depth  X 


I«.t.    CantilevcT  Beuo.    Loul  Fig.  t.    CantDevH  Beam.    Dutiib- 
ncai  Free  End  uted  Load  over  Entire  Span 

.  Inaa  Kied  at  Ooe  End  and  Load*d  with  a  UnUoniiJj  DisOibnted  Load 
f              Sale  load,  in  pounds  — 


breadth  X  square  of  depth  X  A ' 
X  length  b  feet 


Brewitb,  in  indies 


3  X  load  X  length  In  feet 
square  of  deplb  x  A* 


h 


rig.  T.    Simple  Beam.    Load  at  Ulddte  of  Spin 

Bsdi  End!  ud  Loaded  at  the  Mlddla  (Fig.  T). 
breadth  X  square  of  depth  XH* 


Saie  load,  in  pounds  - 
Breadth,  in  inches 


span  in  feet  x  load 
square  of  depth  XA* 
For  Ttluet  ol  ,1.  «m  TaUea  U  and  IlL 


C95       Strength  ol  Cast*Iroa  Lintels  and  Wooden  Beams    Chap. 


Baams  Supportid  at  Bo«i  MaU  and  Loadad  villi  a  Voifomly  Diitiibi 
Load  Ortr  Batira  Spaa  dlff.  8)* 


Fig.  8.    Simple  Beam.    Distributed  over  Entire  Spta 

2  X  breadth  X  square  of  depth  X  A* 


or 


Safe  load,  in  pounds  « 
Breadth,  in  inches     « 


span  in  feet 
span  in  feet  X  load 


2  X  square  of  depth  X  A* 
BauBS  Supported  at  Both  Bnda  and  Loaded  with  a  UaifocBily  Diatrita 
Load  Over  Only  a  Portion  of  Ae  Spaa  (fSc.  •). 


U HI fU 


Fig.  0.    Simple  Beam.    Distributed  Load  over  Part  oi  Span 

In  this  case  the  dimensions  of  the  beam  required  to  cany  the  load  ca 
accurately  determined  only  by  computing  the  icaximuic  bending  momen: 
explained  in  Chapter  IX,  and  substituting  the  vahie  thus  fomid  in  Fonnula 
following.  If,  however,  the  length  /i  is  veiy  short  in  comparison  with  I, 
near  the  middle,  then  the  load  may  be  considered  as  concentrateo  at  the  mi 
of  the  span  and  the  breadth  of  the  beam  may  be  found  by  Formula  (9). 
mula  (13)  is  used  if  the  load  is  at  one  side  of  the  middle.  The  error  will  k 
the  safe  side. 

Beams  Supported  at  Both  Bnda  and  Loaded  with  Coacentratad  Load 
at  the  Middle  d  tha  Span  (Fig.  It). 

1 


Tig.  10.    Simple  Beam.    Concentrated  Load  at  Any  Point 

breadth  X  square  of  depth  X  span  X  A ' 


Safe  load,  in  pounds 


Breadth,  in  inches 


4XaiX» 

4XloadXwXa 
square  of  depth  X  span  X  4* 
For  values  of  A.  see  Tables  11  and  UL 
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iHM  Svwortid  aft  Bodi  Bode  aad  Loeded  wUk  P  Bvoade  et  a  DistuM 
k  Cm  each  Bad  (Fig.  11). 


ill.  IL    Simple  Beam.    Tiro  Equal  Concentrated  Loads  SynaaetricaUy  Placed 
'  Safe  load,  P,  in  pounds )      breadth  X  square  of  depth  X  ^4* 


at  each  pomt 


Breadth,  m  inches 


I- 


4Xm 
4  X  load  at  one  point  X  m 


(14) 


(is) 


square  of  depth  X  ^4* 

In  the  last  two  cases  the  lengths  denoted  by  m  aad  •  should  be  in 
bt,  as  the  spans  are  in  feet. 


1  Application  of  Pormiilas  for  fleznral  Strength  of  Wooden  Beams 

BoBfU  I.    What  load,  6  ft  out  from  the  wall,  will  an  8  by  14-in  long-leai 
idbv  pine  beam,  securely  fastened  at  one  end  into  a  brick  wail,  sustain  with 


The  safe  load  in  pounds  (Formula  4) 


8X196X67 
4X6 


-  4  377  tt) 


Let  the  depth  of  the  beam  be  a«Bwimed  to  be  16  m.    Then  (For- 


2.    It*  is  desired  to  suspend  two  loads  of  10  000  lb  each,  4  ft  from 
■h  end  of  an  oak  beam,  20  ft  long.    What  should  be  the  size  of  the  beam? 

ki5) 

I  r,^       U  J.L  4X10000X4  .  , 

f  The  breadth ;: — 9.3  m,  nearly 

256  X  67 

beam,  therefore,  shoukl  be  10  by  x6  in  in  crosa-seetlon. 

MB  wiHi  SoToral  Loads.    It  is  required,  next,  to  determine  the  size  of  a 
which  is  supported  at  both  ends,  and  which  will  safely  support  several 
ted  loads,  or  a  distributed  load  and  one  or  more  concentrated  loads. 
ooRcct  method  of  finding  the  least  size  of  a  beam  that  will  safely  support 
OMnbinatioa  of  loads,  is  to  first  find  the  MAXiifVM  bending  moment,  as  ex- 
in  Chapter  DC,  page  329,  and  then  substitute  the  value  thus  found  for 
ac9iDiMG  MCWENT  in  the  following  formula: 

_      .....         4  X  maximum  bending  moment  in  f t-Ib  .  ^^ 

Breadth,  m  mches .uw  ^ '  (i^) 

square  of  depth  X  i4 

Adiorter  and  easier  method  is  to  find  the  equivalent  distributed  load  for 
oonce&trated  k)ad,  aad  then  find  the  siae  of  a  beam  required  to  support 

total  equivalent  distributed  load  thus  found.  The  equivalent  distributed 
for  ooocentrated  loads  applied  at  different  proportions  of  the  span  from 
end,  may  be  obtained  by  multiplying  the  concentrated  loads  by  the  follow- 

fiicxoas: 

*  For  vaioes  of  A,  see  Tables  II  and  IIL 
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Pooitian  oi  load 

Facto 

Forie 

ontenttawd  l«id 

Appli«l.tTmMleo(n«> 

Multiply  by  2. 

Forac 

oncentTBled  load 

Applifd  at  oncthird  the  >pan 

Multiply  by  I. 

Purao 

™«nir>>.^  load 

Applied  at  on^lourth  the  <pan 

Multiply  by  I, 

Forac 

oncentraMd  load 

Applied  at  one-fifth  th*  apas 

Multiply  by  . 

Forso 

oncpniraied  load 

Applied  at  one-siith  the  span 

Multiply  by  I 

Porao 

Applied  at  oOHevaith  the  ipan 

Multiply  by  a 

Forai: 

Applied  at  one-eighth  the  spui 

Multiply  by 

Fofac 

Applied  at  one-niElh  Iho  spaa 

Mullinly  by  a. 

Foao 

oncciKraudlcad 

Multiply  by  o. 

(See,  sbo,  Chapter  XV,  Sale  Lawb  for  Stid  Beains.  pace  jGA.) 

Thus,  a  concentrated  load  of  900  lb.  applied  at  one-^tb  [be  spaa  from 
nipport,  will  result  in  the  same  maiimuin  bending  moment  u  a  distijbl 
load  ol  900X  i\^  or  i  ooo  lb. 

The  above  method  for  finding  the  «ie  of  a  beam  for  a  combination  of  an 
loads  ^ves  a  larger  beam  than  tbe  correct  method,  by  Formula  (16),  for 
icason  that  the  ma>imum  bending  mon 
will  not  be  equal  to  tbe  sum  of  tba 
dividual  bending  monientB.  Hence,  11 
there  are  several  heavy  loads  to  be  1 
ported,  it  is  economical  to  compute 
nuuimum  bending  moment  by  the  CUU 
UETHOD  ex|Jaiaed   in  Chapter   IX, .  | 

BnnpU  J.    Tbn  vrder  C  Fig.  12, 1 

ports  the  rafters  of  a  flat  roof,  and 

,  three  heavy  beams.  A ,  B  and  C,  blockn 

above  the  root  and  supporting  a  large  I 

filled   with  water.    The    timber    U    t< 

long-leaf  yellow  isne.    The  wel^t  of  the  roof  and  allowance  for  bikiw  »  I 

lb.    Each  of  the  beams  X,  S  and  C.  impose  a'lD«d  00  the  girder,  due  to 

weight  of  tbe  tank  and  Its  contents,  of  i  ooo  lb.     Wliat  should  be  the  sjae  a 

Salntlm.  The  roof-load  may  be  considered  to  be  uniformly  distiibi 
The  load  from  beam.  A,  is  applied  at  one-third  the  span  from  one  end;  tbe 
from  B,  five-twelfths  the  span  from  the  other  end;  and  the  load  from  C, 
aixth  the  span.  The  fraction  five-twelfths  is  the  mean  of  tme-half  and  or>e-t 
hence  the  load  from  B  should  be  multiplied  by  1,89.  Multiplying  Ibe 
centrated  loads  by  their  proper  factors,  the  equivalent  distributed  load  is  fi 
to  be  as  follows: 


Fig.  12.    Girdet  with  Thra  Cono 


Hoof-lo«l.  distributed 

Load  from  .4.  3  000  X 

Load  from  £,3  000  X 

.89 

-   5670 

Load  from  C,  3  "»x 

« 

-    3  33J 

Eouivalent  diitribated  load  • 
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AnBung  i6  in  as  the  depth  of  the  beam*  and  using  Fomtda  (zi). 

The  breadth-  "X2i8^  ^ 
2  X  256  X  67 

Assmaing  14  in  for  the  depth,  10  in  is  obtained  for  the  breadth;  hence,  the 
jipds  must  be  10  by  14  in,  or  8  by  16  in  in  cross-section. 

!  Stnrt-Beams  and  Tie-Beams.  A  strut-beau  is  a  beam  that  is  subject 
IB  both  a  transverse  and  a  compressive  stress.  A  tie-beam  is  one  that  is  subject 
li  (inct  tension  in  addition  to  the  transverse  stress.  To  find  the  strength  of 
^idicr,  first  hnd  the  size  of  a  beam  required  to  resist  the  transverse  stress,  and 
^  tiie  size  of  a  timber,  of  the  same  depth  as  the  beam,  to  resist  the  direct 
bnoD  or  compression,  and  add  the  two  breadths  together. 

buiile  4.  A  spruce  tie-beam,  10  ft  long  between  joints,  sustains  a  ceiling- 
mdU  2  000  lb  and  a  direct  ten^e  stress  of  40  000  lb.  What  should  be  th« 
fenwioos  of  the  beam? 

As  a  ceiling-load  is  uniformly  distributed,  the  size  of  the  beam  n 
by  Formula  (ix),  page  630.    Assuming  the  depth  to  be  10  in 


^  r,^    •_      J  .        10X2000  ,,  .  , 

The  breadth  — »    or    3^^  m,  nearly 

^  2X100X39 

R  Tile  resistance  of  spruce  to  tension  (see  Table  XVI,  page  647)  is  800  lb  per 
H  ia.  40  000/800  —  50  sq  in,  which  is  equivalent  to  a  5  by  lo-in  section.  It  will 
Vpuc,  therefore,  a  beam  7Vi  by  xo  in  in  cross-section  to  resist  both  the  trans- 
|MK  stress  and  the  direct  tension.  If  the  tie-beam  is  cut  in  aiiy  way  so  as  to 
Mne  Uic  section,  except  over  a  support,  the  dimensions  must  be  increased 
iRnniiDgty. 

^  l»ii|lii  5.  A  strut-beam  of  white  pine,  10  ft  long,  supports  a  distributed 
hd  liJiid  of  6  000  lb,  and  is  also  subject  to  a  direct  compression  of  64  000  lb. 
ilat  should  be  the  size  of  the  beam? 

Itnliiriun,     Assuming  14  in  for  the  depth,  the  breadth  for  the  transverse  load 
tamd  by  Formula  (11),  page  630 

10  X  6  000 

The  breadth :; ■■  3.9  in,  nearly 

sX  196X39 

Tsing  Formula  (4),  page  450,  from  which  is  computed  Table  IV,  page  452, 
the  safe  loads  for  white-pine  posts,  it  is  found  that  a  7V^  by  14-in  post, 
ft  long  will  safely  carry  the  compressive  stress,  64  000  lb.    Hence  it  will  re- 
a  7*-%  by  x4-in  beam  to  resist  the  compressive  stress,  and  a  4  by  14-in 
to  resist  the  transverse  load.    The  beam,  therefore,  should  be  12  by  14 
cxoss-aection  to  resist  them  both. 

t.  Belatiye  Strengths  of  Beams 

Stresgtbs  of  Rectangular  Beams.    From  an  inspection  of  the 
formulas  it  is  found  that  the  rblativis  strengths  of  beams  of  rec- 
gioaa  aections»  for  the  different  cases  is  as  shown  in  Table  V. 

Slreingths  of  Beams  of  Any  Constant  Cross-Section.  The  stkenoih- 
pDQS  given  in  Table  V  are  true  for  beams  of  any  constant  cross-section  ot 
ittcver  form. 

E*"  mm  on  Edco.    When  a  beam  of  square  cross-section  is  supported  on  its 
that  u,  when  one  of  its  diagonals  is  vertical,  it  will  bear  about  seven-tenths 
^mC  a  faceaking-lood  as  it  will  when  it  is  supported  on  one  side. 
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Table  V.    Relative  Strensdii  of  Rectaagnlar  Beame 


Kind  of  load 

Position  of  load 

— 

Strength  ratios 

Beam  supported  at  both  ends 

Uniformly  distributed 
Concentrated 
Concentrated 
Concentrated 
Coocentrated 
Concentrated 
Concentxated 
Concentrated 
Concentrated 
Concentrated 

Over  entire  span 
At  middle  of  span 
At  one-third  the  span 
At  one-fourth  the  span 
At  one-fifth  the  span 
At  on&eixth  the  spaa 
At  one-seventh  the  span 
At  one-eighth  the  span 
At  one-ninth  the  span 
At  one-tenth  the  span 

I 

Ms 

H 

»Hs 

Mo 

♦Ms 

»Ms 

Beam  fixed  at  one  end,  or  cantilewer  beams 

Uniformly  distributed 
Concentrated 

Over  entire  span 
At  the  free  end 

Beam  supported  at  one  end  and  fixed  at  the  other  end 

Uniformly  distributed 
Concentxated 

Over  entire  span 

Near  the  middle  of  span 

I 

Beam  fixed  at  both  ends 

Uniformly  distributed 
Concentrated 

Over  entire  span 
At  middle  of  span 

X 

The  Strongest  Beam  Cut  From  a  Cylindrical  Log  is  one  in  which 
breadth  is  to  the  depth  as  5  is  to  7,  very  nearly,  and  the  dimensions  of  such  a  t 
can  be  found  graphically,  as  shown  in  Fig.  13.    Any  diagonal,  as  ab,  is  di 

and  divided  into  three  equal  parts  by  the  points  c 
-^  d;  from  these  points  lines  perpendicular  to  ab  are  d£ 

and  the  points  e  and  /  connected  with  a  and  I 
shown. 


FSg.  13.  Strongest  Beam 
of  Rectangular  Section 
Cut  from  Log 


Cylindrical  Beams.  A  cyundricai.  beam  is 
ten-seventeenths  as  strong  as  a  beam  with  a  sq 
cross-section,  the  side  of  the  square  being  equal  U 
diameter  of  the  circular  section  of  the  cylindrical  h 
Hence,  to  find  the  safe  load  for  a  cylindrical  beam, 
find  the  proper  load  for  the  corresponding  aqi 
section  beam,  and  divide  this  load  by  1.7. 

The  Bearing  of  the  Bnds  of  a  Beam  on  a 
beyond  a  certain  distance  does  not  stiengthen  the  beam.  In  general^  a  I 
should  have  a  bearing  of  4  in,  or  if  it  is  very  long,  6  in. 

The  Weight  of  the  Beam  Itaelf .  The  formulas  given  for  the  strengi 
beams  do  not  take  into  account  the  weight  of  toe  beams  irbic5ex.ves, 
hence  the  safe  loads  of  the  fotmulas  include  both  the  external  loads  and 
weights  of  the  material  in  the  beams.    In  small  wooden  beams,  the  weigl 
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wk  beam  is  generally  so  small,  compared  with  the  eitemal  load,  that  it  need 
MX  be  taken  into  account.  But  for  larger  wooden  beams,  and  for  metal  and 
iBoe  beams,  the  weight  of  the  beam  should  be  subtracted  from  the  safe  load 
f  tk  load  is  distributed;  and  if  the  load  is  applied  at  the  middle,  one^half  the 
t6^  of  the  beam  should  be  subtracted. 

Ike  Weight  of  Timber.  The  weight  per  cubic  foot  for  different  kinds  of 
bber  may  be  found  in  the  table  in  Part  III,  pages  1501  to  1508,  giving  the 
leigiits  of  Various  Substances. 


7.  Tables  for  Strength  and  Stiffness  of  Wooden  Beams 

tibles  Vn  to  ZV  for  the  Strength  and  Stiffness  of  Wooden  Beams 
■  given  on  pages  638  to  646,  for  beams  one  inch  in  breadth.  To  find  the 
iKDCdi  for  any  other  breadth,  multiply  the  proper  tabular  value  by  the  breadth 
'the  beam  in  inches.  To  obtain  the  required  breadth  for  any  load,  divide  the 
pea  load  in  pounds  by  the  proper  tabular  value.  In  heading  the  tables,  prom- 
itia  has  been  given  to  the  values  used  for  5,  and  the  corresponding  values 
iA,  80  that  those  who  prefer  to  use  for  any  wood  a  value  different  from  that 
iDBDunended.  need  only  to  look  up  the  table  based  on  the  value  they  desire 
k  Wfioy.  For  certain  cases  and  in  some  cities,  the  building  laws  specify  i  300, 
ijoo  and  1 800  pounds  as  values  of  5  to  be  used  for  bng-Ieaf  yellow  pine; 
^  Tables  XUI,  XIV  and  XV,  based  on  thesevalaes,  ate  added. 
Sace  timber  is  weak  in  houzomzax,  shbak  compared  with  its  strength  in 
pEKfs  and  coMPRESSiOM,  the  safe  load  a  beam  of  short  span  can  carry  is 
ItaBtned.  not  by  its  resistance  to  cross-brbAkxng,  but  by  its  resistance  to 
feunxG  along  the  neutral  surface.  Wooden  beams  and  joists,  therefore, 
Inid  be  dimensioned  to  safely  withstand  this  shearing  action.  The  ratio 
f  tbe  SHEARCfG  to  the  flexural  strength  is  not  exactly  the  same  for  different 
Nfc  of  wood,  but  for  practical  use  and  in  the  tables  it  has  been  assumed  to 
ooe-twdfth  of  the  working  unit  fiber-stress.  As  it  can  be  shown  *  that 
ratio  of  the  span  to  the  depth  of  a  rectangular  beam,  uniformly  loaded, 
proportional  to  its  cross-breaking  stress  and  shearing  workup 
the  tabular  loads  are  figured  for  the  permissible  unit  fiber-stress, 
the  length  of  the  span  is  twelve  or  more  times  the  depth  of  the  beam; 
for  shorter  lengths,  the  tabular  loads  are  governed  by  the  shear.  To 
•  the  safe  load  on  beams  for  a  deBection  not  exceeding  ^360  of  the 
tabdar  ^-alues  have  been  placed  directly  underneath  the  safe  loads  for 
These  values  are  based  on  the  uodulus  of  ELASTiarv,  E,  given  in 
taUes. 
roRMULA  FOK  FLEXURE  used  in  determining  the  safe  uniformly  distributed 
IB  the  tables  b  (see  Formulas  u)f  page  333  and  (2)',  page  557) 

"  c  "*    6    "   8 

W  -  — —,  in  which  /  is  the  span  in  inches 
3* 

Re  IQKMULA  FOR  SHEAS'  is 

3 
*  Materials  of  Construction,  J.  B.  Johnson,  page  55. 
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The  roxMULA  for  oevlection  is  (see,  also,  Fonnulas  (x)  to  (17)  and  Tal^ 
Chapter  XVlll) 

W  -  r z  in  which  /  is  the  span  in  feet; 

8100/' 

M  »  maximum  bending  moment  in  inch-pounds; 

/  »  moment  of  inertia  of  the  cross-section  of  the  beam  in  biquadi 

inches; 

c  «  d/2  -  one-half  the  depth  of  the  beam  in  inches; 

SI/c  -  resisting  moment  of  t.he  cross-section  in  inch-pounds; 

W  -  total  safe  load  in  pounds,  uniformly  distributed;, 

b  m  breadth  of  the  beam  in  inches; 

d  <-  depth  of  the  beam  in  inches; 

/  "■  span,  in  feet  or  inches,  as  noted  for  the  different  formulas; 

5  ••  unit  flexural  fiber-stress  in  pounds  per  square  inch; 

S9  -5/12  —  horizontal  unit  shearing-stress,  in  pounds  per  square  inch,  aloDi 

neutral  surface; 

E  -  modulus  of  elasticity  in  pounds  per  square  inch. 

Example  6.  What  is  the  safe,  uniformly  distributed  load,  correspondixi 
a  fiber-stress  of  i  500  lb  per  sq  in,  for  an  8  by  14-iQ  long-leaf  yellow-piiie  fa 
supported  at  both  ends,  and  having  a  34-ft  clear  span? 

Solution.  From  Table XIV,  the  load  for  a  x-in  thickness  is  1362  lb.  H< 
I  36^  X  8  «  10896  lb,  the  total  load  for  the  beam.  If  the  deflection  of 
beam  should  not  be  more  than  Heo  of  the  span,  the  safe  load  for  i  -in  thicii 
should  not  exceed  882  ib.  Hence.  883  X  8  i*  7056  lb,  is  the  maximum  loa 
be  used  in  this  case.    It  is  assumed  that  x  500  lb  per  sq  in  is  aUowod  for  ^ 

Example  7.  What  should  be  the  size  of  a  Norway-pine  beam  required  to  c 
a  distributed  load  of  6  400  Ib  over  a  clear  span  of  iS  ft? 

Solution.  From  Table  X,  it  is  found  that  a  beam  12  in  deep  and  x  in  1 
and  with  an  i8-ft  span,  will  support  711  lb.  Dividing  the  load,  6400  II 
711,  the  result  is  9  for  the  breadth  cf  the  beam  in  inches.  Hence  the  t 
should  be  9  by  12  in,  to  carry  a  distributed  load  of  6  400  lb  over  a  span  of  1 
As  the  defiection-ioad  of  593  li3  can  be  increased  20%  for  Norway  pine,  the  1 
is  safe  for  deflection;  if,  however,  cypress  is  used,  593  must  be  taken  in  pla 
711,  to  determine  the  breadth  of  the  beam.  This  would  result  in  a  bea] 
by  12  in. 

Different  Positions  of  Loads.  To  find  the  safe  load,  concentrated  a 
middle  of  the  span  of  a  given  beam,  find  the  safe  distributed  load,  as  in  Exa 
6,  and  divide  this  load  by  2.  To  find  the  safe  load  concentrated  at 
point  other  than  the  middle  of  the  span,  find  the  safe  distributed  load  fc 
given  span,  and  divide  this  load  by  the  proper  factor  taken  fxom  Tal>l 
page  632.  To  find  the  size  of  a  beam  to  support  a  given  concentrated 
multiply  the  given  load  by  the  factor  corresponding  to  the  position  of  the 
as  given  in  Table  IV,  and  then  proceed  as  in  Example  7. 

Use  of  Formulas.    If  in  doubt  as  to  the  application  of  the  tables,  in  s 

cases,  use  one  of  the  formulas,  from  (4)  to  (16),  applying  to  the  case^ 
formulas  and  tables  should  always  give  the  same  result. 

Nominal  and  Actual  Sizes  of  Beams.  The  tables  may  be  used  for  1 
the  dimensions  of  which  are  less  than  the  nominal  dimensions.  D 
beams,  and.  in  many  localities,  floor-joists  carried  in  stock,  are  more  < 
scant  of  the  nominal  dimensions,  and  for  such  beams  and  joists  a  revlucl 
the  safe  lo<id  must  be  made  to  correspond  with  the  reduction  in 
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SIZES  are  generally  %  in  scant,  up  to  4  in  in  breadth,  above  which  they 
c  4  ia  scant;  while  in  depth  they  are  all  generally  H  in  less,  than  the  nominal 
R.  The  safe  loads  may  be  obtained  by  multiplying  the  safe  loads  for  the 
BgpftndJTig  nominal  sizes,  as  given  in  Tables  VII  to  XV,  by  the  factors  given 
I  the  f oQowing  table. 


Table  VI.     Conversioo  Factors  for  Actual  Sizes  of  Wooden  Beams 


Cros&4ections 

Cross-sections 

of  beanos  in 

Factors 

of  beams  in 

Factors 

inches 

inches 

l?«XS»/i 

X.47 

l?<XiiV6 

1. 61 

2>4  XS>i 

2.31 

254xiiVi 

2.53 

i?4x6»6 

I. SI 

1^4X13^ 

1.63 

2^ix6H 

2.51 

i^ixizH 

2.56 

i9iX7'/j 

IS4 

I54XISW 

X.65 

r?iX7>i 

2.4a 

a^XisW 

2.58 

1HX9M 

1.53 

mxi7H 

1.65 

^nx9^i 

2.48 

a94Xi7H 

2.60 

^kmple  8.  What  is  the  safe  load  for  a  2%  by  i3V^-in  spruce  beam,  with 
fjS^span? 

jnUaua.  From  Table  VIII,  the  safe  load  for  a  i  by  14-in  beam  is  847  Ibi 
^dptying  this  by  2.56,  we  have  2  178  lb  as  the  safe  distributed  load  for  a 
Moi  2^4  ty  13^^  in  in  cross-section.  For  a  full  3  by  14-in  cross-section,  the 
fe  bad  would  be  2  541  lb. 

Slose  Beftnu.    The  above  formulas  may  be  used  for  rectangular  stone 
when  the  proper  coefficients,  recommended  in  Table  III,  page  62S,  are 
Sandstone  beams  should  never  be  subjected  to  any  heavy  loads  and 
!oQe  fintels  should  be  relieved  by  steel  beams  or  by  brick  arches  over  them 
of  them. 

ipOBcrete  Beams  are  generally  reinforced  with  steel  rods,  but  when  used 
poet  reinforcement,  the  coefficient.  A,  given  in  Table  III,  is  recommended. 

N  of  Tables  VII  to  XV.  The  safe  loads  given  in  Ta'^les  VII  to  XV 
oonect  for  the  fiber-stresses  indicated;  but  for  greater  convenience  in  using 
tablesy  each  figure  in  the  units-place  of  each  value  may  be  made  a  cipher, 
figure  in  the  tens-place  may  be  increased  by  one  when  the  unit-figure 
or  grsater.     Thus,  505  would  be  500,  506  would  be  510,  etc. 

Notes  on  Stresses  and  Loads  for  Wooden  Bnuna.  In  compiling  a&d 
the  tabks  of  safe  loads  for  wooden  beams,  the  following  important  coDsiderationa 
be  kept  in  mind: 

CBseasoned  timber  is  very  much  weaker  than  commercially  dry  timber,  that  is, 
cottfatning  from  10  to  15%  of  moisture. 
}  Tosfaer  cootaimng  large  or  loose  knots  is  much  weakened. 
When  impact  has  to  be  considered,  the  stresses  should  be  reduced. 
For  cootinuous.  heavy  loading,  relatively  low  stresses  should  be  used. 
Coraaiercial  dimensions  art  smaller  than  nominal  dimensions, 
laibers  deteriorate  and  the  factors  of  Ufety  for  strength  j?row  smaller  with  time. 
The  Biodulus  of  ebsticity,  E,  for  unseasoned  timber,  should  be  reduced  50*^,^;  from 
^urta  for  thoroughly  seasoned  timber. 

•  better  engineering  practice  to  compute  tables  of  safe  loads  based  on  conserva- 
for  average  or  poor  conditions,  increasing  the  values  given  when  conditiuns 
than  to  recommend  values  for  ideal  conditions  which  usually  do  not  exist 
,  pages  6»8  and  647,  regarding  increase  in  the  table-values.)     Editor-in-Chief- 
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Safe  Distributed  Loads  *  in  Pounds  for  Rectsngnlsf  Wooden  Beti 
kxrernce  Hemlock.    If  SJdnium  Fiber-Stress,  S  *-  600  lb  per  sq  in. 
E  «  900  000  lb  per  sq  in.    ^  »  33 

The  first  horizontal  line  gives  the  depth  of  the  beam  in  inches 
The  loads  are  for  beams  one  inch  wide  and  supported  at  both  ends 


400 


343 
300 

266 

240  ) 
240  J 

218   \ 
199   * 

300    ) 
166    i 

I8i 

143 

171 

122 

160 
107 

ISO 
94 


8 


X3   J 


533 

533 
533 


474 
427 

388 
3S6 

328 

30s 
291 

285 
253 
267 
232 

251 
197 
237 
175 
225 
157 
213 
142 


10 


I 


12 


14 


16 


666 

666 
666 

666 
666 


60s 
555 

513 

477 

445 

417 

392 
384 
371 
343 

351 
308 

333 

277 
317 
252 

303 
329 
290 
211 
278 
193 


800 

800 

800 

800 
800 

800 
800 


738 
686 

640 
600 

565 
534 

S05 

480 
480 
462 

435 

436 
397 
417 
363 
400 

334 
384 
30S 
369 
284 
356 
264 
3?3 
245 


}'\ 


933 

933 
933 

933 
933 

933 
933 

933 
933 


871 
817 
762 
726 

688 

653 
623 

594 
56S 

545 
529 
525 
488 
503 
452 
482 
4x8 
467 
389 
451 
353 
436 

339 


1066 

X066 
1066 

za66 

X066 

X066 
X066 

X066 
1066 

1066 
Z066 


I  003 

89B 
8S4 
«I3 

776 

742 

7x2 

683 

657 

633 

625 
609 
58a 

589 

542 

56a 

S03 


x8 


I  200 
X  200 

X  200 

I  200 

X  200 

z  aoo 

Z  300 

xaoo 
I  aoo 

I  200 

X  300 

X  20c 

I  20G 


}. 


XX3J 
XG& 
X  03! 

9a 

93 
9c 

aa 
& 

T 

7^ 

T 


!A-e  siRzag  lines  calculated  for  horizontal  shear.    Where  two  loads  are 
calculated  for  strength,  the  lower  for  deflection  not  to  exceed  ^^o  the 

to  40^1  to  strength-values  for  ideal  conditions.     See  notes,  pages  6  >fi.  63 
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'fMe  Vm.    Safe  Ptolributod  Loadf  *  in  Fotmdsfer  RMttngalAr  Wooden  Beams 
For  Afenge  WUle  Pine,  Spruce  and  Baatem  Vir.    Maxinwim  Fiber- 


Stress,  S  - 

'  700  lb  per  sq  in.    JF  f  <*  1 000  000  lb  per  sq  in.    A' 

■39 

Spaa 
la 

1 

1 

The  first  horiaontal  line  gives  the  depth  of  the  beam  in  inches 
The  loads  axe  for  beams  one  inch  wide  and  supported  at  both  ends 

ket 

6 

8 

xo 

X2 

14 

16 

x8 

6 

4^ 

62a 

777 

777 
777 

777 
777 

933 

933 
933 

933 
933 

933 
933 

X089 

X089 
1089 

1089 
I  069 

I  089 
X0S9 

I  089 

I  089 

!!!!!  !!!!!! 

1400 

X  400 
X  400 

X400 

Z400 

X400 
X  400 

X  400 
X  400 

X  400 
X  400 

X  400 
I  400 

T 
8 

9 

13 

II 
U 

13 
U 

« 
i6 

17 
l3 

33 

a 

22 

JJ 

1 

as 

IS 

27 

39 

{ 

{ 
{ 

{ 

1 

X 

{ 

f 

400 
3SO 

1       6aa 
1       622 

311 
aSo  ) 

a67    J 
2SS    } 

221     f 
2X3    \ 

las  i 

2X6 

158 

300 

136 

187 
119 

175 
104 

552 

497 

453 

'        415 

383   ) 
374    f 
3S6    } 
323   ) 

332   ) 
28X    f 
31 1 

247 

r    293 
1    219 
1    276 
(    195 
f    262 
I    175 

707 
648 

598 
556 

518 

486   ) 
482   } 

458  ) 
427   1 
433    ) 

861 
800 

747 
700 

660 
623 

X  016 

952 

897 

847 

802 

762 

726 

692 
662    ) 

1 172 
1 107 

X048 
996 
948 
906 

866 

38X    j 

^''^   ]          590 
342    1           *^ 

(389              s6o   ) 

1326 
X  260 

X  200 

X  144 
X  096     . 
I  050 
I  oo3 

970 

934 

900 

868    ) 
856    ( 
840    ) 
800    ' 

I     308 

i     370 
I     280 

j      354 
t      255 
(      3.^ 
1      234 
{      324 
I      215 

•  ••••••• 

534    > 
534    \ 
484    i 
509    ) 
441 
487 
403 
468 

371 
(     448 
^      342 
(      430 
»      316 
(      415 
(      293 
I     400 
\      272 

641    ) 

T,  }     -9« 

542    ) 

586 

502 

S6S 

465 

544 

432 
(     526 
\     403 
j     SoS 
1      377 

766    ) 
750    J 
738    ) 
69s    J 
711    ) 
646    } 
687 
602 
664 



30 

1 
1 

L 

562 

^Add  50  to  40^  to  strength-values  for  ideal  conditions.    Sec  notes,  pages  628.  637, 

\f9t  fitst-class,  do'  spruce  and  Eastern  fir,  £  =  i  200  00  » could  safely  be  used,  making 
sai*  ni-tlM-firkn. loads  thoee  given  in  Table  XI.     Sec.  also,  foot-note  with  Table  \7' 


640        Strength  of  Cast-iron  Lintels  and  Wooden  Beams    Chap.  ] 


Tabto  IX.    Safe  Distribiited  Loads  *  in  Pounds  for  Roctangolar  Wooden  B4 
For  Aversf  e  Calif omia  Red  Wood  and  Cedar.    Maxiimim  Fiber-Stress^ 
S  «  7S0  lb  per  sq  in.    £«■  700000  lb  per  sq  in.    i4  «-4x.7 


Span 

in 

feet 


6 
7 
8 


10 

II 
12 

13 
14 

15 
16 

17 
18 

19 
20 
21 
22 
23 
24 

as 

26 

27 
28 

29 
30 


The  first  horizontal  line  gives  the  depth  of  the  beam  in  inches 
The  loads  are  for  beams  one  inch  wide  and  supported  at  both  ends 


I 


8 


5:00 


{  ^} 


433    \ 
332    J 

375 
292 

333 

231 
300 

187 

274 
155 
250 
130 

231 

no 

214 

95 


C67 
667 
667 


592 
547 
533 
443 

485 
3CJ 
445 
307 
410 
262 
3S2 
225 

107 
333 
173 


10 


12 


14 


833 
833 

833 

833 
833 


757  J 

714  » 

641  I 

600  I 

641 
512 

Z05 
441 

556 
384 
521 
337 

49X 
299 
463 
267 

439 

240 


I  ooo 
I  ceo 

I  ooo 

I  000 

I  000 
I  ooo 

I  000 


205 

42S 

190 


923  ) 

835  » 
857  \ 
763    » 

800 
665 
750 
534 
706 
5i3 
657 
462 

632 

414 
600 

374 
572 

339 
547 
309 
522 
282 
500 
260 
4S0 

239 
463 
221 


I  1O7 
I  167 

I  1C7 

I  167 
I  i57 

I  1G7 
I  1O7 

I  167 

I  167 


I  033 
I  oGo 
I  020 
929 
961 
8::2 
906 
733 
860 
658 
816 

594 
778 
526 

742 

491 
710 

448 
58i 
412 

653 
380 
628 

351 
605 
326 
533 

203 

563 

232 

544 

=54 


16 


1333 

1333 

1333 

1333 
1333 

1333 
1333 

1333 
1333 

1333 
1333 


1254 
I  223 
I  184 
I  090 

I  122 

932 
1066 

886 
X  016 

803 
970 
732 
928 
670 
890 
616 

854 
567 
821 

525 
791 
487 
76a 
452 
736 
421 
71a 
393 


*  Add  30  to  40^c  to  strength -values  for  ideal  conditioxu.     bee  notes,  pa^^es  6: 
647.     See,  also,  foot-note  with  Table  VII. 
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MIe  Z.    Safe  Distrilratod  Loads  *  in  Pounds  for  Rectsngulsr  Wooden  Beam 

For  Averace  Norway  Pine,  Cjrpress  and  Chestaut. 
MaTWiHim  Fiber-Stress,  S  ■•  800  lb  per  sq  in.  £  t  »  900  000  lb  per  sq  in.   ^  -  4 


Spu 
ia 
ieet 


6 

7 
8 


The  first  horizontal  line  gives  the  depth  of  the  beam  in  inches 
The  loads  are  for  beams  one  inch  wide  and  supported  at  both  ends 


^33. 


8 


10 


10 


13 


13 


15 


16 


17 


18 


n 


ji 


457 
400 

375 

356 

(  320 
I    240 

j  aji 

\  199 

I  267 

(  z66 

f  246 
I     142 

{229 

('  2U 
(  107 
I     xo 

I      94 


« 


27 


711 
71X 
71X 


632 

569  \ 
569  ) 
S17  ) 
470  t 
474  } 
395   3 

438 
337 
407 
291 

379 
253 
356 
222 

335 
197 
316 
175 
300 

157 
2S4 

142 


889 
889 

8S9 
889 
889 


809 
74a 

6S4 
658 

63s 
567 

593 
494 
556 
432 

524 
384 
494 
343 
468 
308 
445 
277 
423 
252 
404 
229 

387 
at! 

371 
193 


12 


1066 
1066 
X066 

1066 


Z066 


X066 


X066 


14 


16 


985 

914 

854 
854 
800 

750 

754 
665 
7XX 

593 

674 
532 
6h|o 
480 
G':9 
4.15 

:vj7 

557 
363 
534 
334 
512 
308 
492 
284 
474 
264 

457 
245 


X  244 
X  244 
1244 

X244 
X244 

X244 
1244 

1244 
X244 


X  i6x 
X089 

X  025 

968    ) 
9x4    J 

9x7    \ 
846    ) 
87X 
752 

830 
692 

793 
630 
758 

577 
726 

529 
697 
488 
670 
452 
646 
418 
622 

389 
601 

353 
S8l 
339 


X  422 

X  422 
X  422 

X422 
X  422 

X  422 
X422 

X  422 
1422 

X  422 
X  422 


X339 
X264 

X  198 

X  138 
X 138 
X  084 
I  032 
X03S 

941 
990 
8C0 

949 
790 

911 
728 
876 

675 
843 
62s 

813 

S82 

785 
542 
759 

506 


18 


I  600 
I  600 
x6oo 

I  600 
X  600 

X  600 
I  600 

x6oo 
X  600 

X  600 

x6oo 

z  600 
x6oo 


XS17 

X44X 
X372 

X309 


X  253  I 

1 22s  1 

I  200 

1 126 

X 152  » 

X037  } 

X 108  1 

960  } 

ic68  X 

890  } 

X029  \ 

827  1 

993  ) 

770 

960  1 

720  1 

'^AU  JO  to  40%  to  strength- vslut»  for  ideal  conditions.     Sc;:  notes,  pages  628,  637. 647 

ktlso  foouante  with  Table  VII. 

t Far  life  deflectioD-losds  for  Norwav  pine,  add  30';  to  the  above  values. 
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f  e  Distributed  Loads  *  in  Poimds  for  JtoctaBgnlflr  Wooden  Be^ 
>oticlas  Fir  end  Sboft-Leef  Yellow  Pine.  Fiber-8tieis,  S  -  x  coo  t 
per  sq  in.    Ef  mi  aooooo  lb  per  iq  in.    A  —  55-6 


The  first  horixontal  line  gives  the  depth  of  the  beam  in  inches 

The  loads  are  for  beams  one  inch  wide  and  supported  at  both  ends 

6 

8 

10 

13 

X4 

x6 

18 

^     i 

889 

I  III       ]     I  333 

X5S6 

x  778      .2  000 

571 

889 

I  III 

1333 

I5S6 

1778 

a  000 

500 
500  J 

889 

I  III 

I  XZX 

X333 
X333 

1556 
1556 

1778 
1778 

aooo 

444   ) 
395    1 

790 

2  000 

400    J 
320    ) 

7W 

647  \ 
628   1 

I  III 

X333 
1333 

1556 
1556 

X778 
1778 

2000 

364 
265 

Z  0X0 

2000 

333 

593   ) 
527   i 

547    ) 
449   i 

926 

1333 

1556 

X778 

2  000 

222 

855 

1556 

1778 

308 

X23X 

2000 

190 

286 
163 

506 
388 

474 

794    ) 
757    ) 

741    1 
659    ) 

1 143 

1 

X  067 

1556 

1778 
1778 

2000 

267 

1452 

2000 

143 

337 

250 

445 

69s 

X  000     ) 
X  000     J 

942  ) 

886 

I  361 

X  778 

2000 

125 

296 

f     419 
1      263 

578 

654 
512 

I  281 



1674 

2  000 

I(     395 

618 

890  ) 
790  } 

X  210 

I58X 

2  OOO 

I     234 

457 



(     374 
\     210 

585 
410 

843 

710 

XX46    ) 
xza6    i 

1498 

xaps 

j      356 
(      190 

5S6 
370 

800 

641 

xc88 
xox6 

X423 

X  800 



(    528 
\     336 

76a 
581 

IQ37    1 
922    j 

1355 

1714 

(     50s 
i     306 

727 
529 

990 

841 

1393    \ 
I  254    J 

x636 

II     483 
il     281 

696 
484 

947 
770 

1237    \ 
X  X47    ) 

zsfie 

i     463 

667 

908 

xx86 

I  5« 

I     258 

445 

706 

I0S3 

ISO 

(    640 
I     410 

87X 

I  138 

X4« 

650 

97a 

z  ja 

l|     61S 

838 

1094 

Z3JBi 

(     380 

6Q3 

900 

z  ae 

(    593 
I     352 

807 

IQ54 

Z33 

■    ••■•••a 

558 

834         z  xa 

xox6             z  afl 

J     572 
I    327 

778 

5x8 

776 

z  xc 

751 
\     484 

982 

za4 

•    ••■•*•• 

725 

X  OG 

i     726 

949 

Z  SK 

■   •••••vs 

I     452 

674        1          9( 

40%  to  strength-values  for  ideal  conditions.     See 
:tion-laads  for  Douglas  fir,  add  25%.     See,  also, 


notes,  pages  6a8,  631 
foot-note  witli  "Fabli 


Tables  for  Strength  and  Stiffness  of  Wooden  Beami 


Safe  Distiibtttod  Loads  *  ia  Pounds  for  RectanfnUr  Woo 
Average  White  Osk  and  Long-Leaf  Yellow  Pinef.    Mazmtuiu 
S  »  I200  lb  per  sq  in.    E  ^  i  s<m>  ooo  lb  per  sq  in.    X  « 


ui 


7 


u 


u 


X3 


15 


x6 


17 


iS 


23 


X 


The  first  horixontal  line  gives  the  depth  of  the  beam  in  L 
The  loads  are  £or  beams  one  inch  wide  and  supported  at  bo 


8oo 


I      495    I 
I      400   / 

\      332    » 


378 


^7 
343 
20* 


179 


156 


8 


1067 

X067 
I  067 


949 

776 

711 
658 

561 
610 
485 
569 
42a 

533 

371 


339 
474 
a»3 

449 
363 
426 

837 


! 


10 


1333 

1333 
1333 

1333 
1333 


z  212 
nil 

I  aa6 

953 

946 

890 
824 

834 
724 

785 
642 

741 
573 

70a 

513 
666 

462 

634 
420 
606 
383 
579 
351 
556 
322 


12 


I  600 

I  600 
z  600 

z  600 
z6oo 

z6oo 

1600 


1477 


1371 


Z  200 

z  130 

ZXO6 

ZO67 

990 

lOZO 

886 
960 
802 
914 
726 
872 
662 

835 
605 
800 

557 
768 

513 
738 

440 

686 
410 


Z4 


867 

867 
867 

867 
867 

867 
867 

867 
867 


741 
633 

537 
452 

375 

306 
272 
245 
Z54 
z88 

QSZ 

Z36 
962 
090 

882 

045 
8Z3 
006 
753 
969 
698 
933 
648 
902 
60s 
87Z 
S66 


16 


2133 

2Z33 
2Z33 

2Z33 
2Z33 

2133 
2Z33 


3133 


3133 


3133 


2Z33 


2009 

Z898 

1795 
Z706 
1626 


X559 

X484 
Z43S 
Z423 
Z3z8 
zj66 
z  2x5 
Z313 

Z  Z25 

Z265 
za43 
z  2x8 
970 
z  Z78 

903 
z  X38 

843 


*  Add  jo  to  40%  to  strength-vahies  for  ideal  coaditions.     See  notes,  pag 
<47.     See.  abo.  foot-note  with  Table  VII. 


t  For  safe  loads  for  fiber-st: 
TOV  Mod  XV,  zeapectively. 


of  1300,  1500  and  1800  lb  per  sq  in,  see  1 
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Table  XIII.    Safe  Distributed  Lo«ds  in  Pounds  for  Rectangulir  Wooden  Beoi 
Maximnm  Fiber-Stress,  Sax  300  lb  per  sq.  in.    >l  •■  71.3 


The  first  horizontal  line  gives  the  depth  of  the  beam  in  inches 

Span 

in 

feet 

The  loads  are  for  beams  one  inch  wide  and  supported  at  both  ends 

6 

8 

zo 

Z2 

Z4 

z6 

z8 

6 

7 

867 

1 155 

1444 
1444 

1733 
1733 

2  022 
2  022 

23IZ 

2  3ZZ 

2600 

743 

IISS 

2600 

8 
9 

650 

S67 

iiSS 

1444 
1444 

1733 
1733 

2022 
2  022 

23IZ 
23ZI 

2600 

z  027 

2600 

10 

IX 

520 
473 

924 

840 

1444 

1733 
1733 

2022 
2022 

2311 
23IZ 

2600 

I  311 

2600 

12 
13 

433 

400 

770 
711 

1200 
I  xzz 

Z733 

2022 
2022 

23x1 
23IZ 

2600 

z  600 

2600 

14 
15 

371 
347 

660 

616 

X  032 

963 

X486 
1387 

2022 

2  311 

23IZ 

2600 

Z887 

2600 

z6 
17 

325 

578 
544 

9Q3 
849 

1300 
1224 

1770 
Z664 

2  311 

2600 

2X75 

260Q 

18 

5x4 
487 

802 
760 

1x56 
1095 

ZS72 

Z490 

2054 
Z946 

2600 

2463 

30 

•••*• • •  • 

462 

722 

Z040 

Z4I5 

Z849 

2340 

it 

688 

990 

1348 

Z76I 

2239 

22 

657 

945 

Z286 

z68i 

2  137 

33 

628 

904 

z  230 

z6o8 

2Q3S 

34 

6q2 

867 

1179 

ZS4Z 

•    Z950 

2S 

832 

Z  X32 

Z479 

Z872 

26 

800 

X068 

X  422 

1800 

27 
28 
29 

770 

z  048 

Z369 

1733 

743 

Z  OIZ 

z  321 

Z67Z 

976 

Z27S 

Z6I4 

30 

\ 

943 

X232 

Z560 

IxMids  above  the  heavy,  black  zigzag  lines  are  calculated  for  resistance  to  shear. 
For  safe  deflection-Ioeds,  see  values  in  Tables  VII  to  XII,  according  to  the  value  d 
used,  and  determine  J  by  the  deflection-formula,  page  636. 
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Xnr.    Safe  Pietributwt  Loads  ifl  Pomidt  for  Reotaagular  Wooden  Beams 


Kazmnun  Fiber-Stress,  5- 

'  zsoo  lb 

per  s<i  ia. 

A  *  83*3 

r 

I 

The  first  horizontal  line  gives  the  depth  of  the  beam  in  inches 

1     SpBO 

'      in 

The  loads  are  for  beams  one 

i  inch  wide  and  supported  at  both  ends 

fact 

I 

, 

6        1        8 

xo 

13 

14 

x6 

18 

6 

I  OQO 

I,1S3 
1333 

X667 
X667 

3000 

3000 

»333 
2333 

2667 
3667 

3000 
3000 

■       7 

8S7 

8 

9 

75P 
667 

1333 

X667 
1667 

3000 

3000 

2333 
2333 

3667 
3667 

3000 
3000 

X  185 

10 

6oo 

1067 

1667 

2000 
300O 

2333 
2333 

3667 
3667 

3000 
3000 

IX 

548    '         970 

X5IS 

12 

500 
463 

890 
830 

X39Q 

X283 

2000 

2333 
2333 

3667 
3667 

3000 
3000 

'      13 

1846 

14 

418 



764 

713 

I  190 
I  1X3 

I  714 

x6oo 

2333 

2667 
2667 

3000 
3000 

IS 

3178 

.     16 

>■•■•••• 

667 

1043 

983 

1500 
I  412 

3042 
1974 

2667 

3000 
3000 

{    n 

3510 

:    x8 

936 
878 

1334 

I  364 

x8x5 
X  720 

2370 
2246 

3000 

1    ^ 

3843 

30 

X300 

X  633 

2133 

3700 

21 

I  144 

I5S6 

2033 

2  571 

■       23 

XO94 

X484 

X940 

2  4SS 

Q 

1044 

X  420 

1856 

2348 

24 

1000 

X362 

X780 

3  350 

3S 

960 

1306 

X  708 

2  :jo 

36 

936 

I  356 

X643 

2076 

a? 

888 

X  310 

X  582 

2000 

iB 

856 

XI66 

1524 

X930 

39 

X  X36 

X472 

I  863 

33 

xa68 

X  433 

x8oo 

Loads  above  the  heaw.  black  tia»f  linaft  are  calculated  for  resistance  to  shear. 
Far  safe  deflection -loads,  see  values  in  Tables  VII  to  XII,  according  to  the  value  of  E 
aed,  and  detcmuned  by  the  deflection-formula,  page  636. 
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Table  ZV.    Safe  Distnbated  Loads  ia  Pouods  for  BectanpilT  Wooden  Been 
Meiimnm  Fiber-Strest,  S<-  z  8eo  lb  per  a^  in.    ^4  ■•  zee 


The  first  horizontal  line  gives  the  depth  of  the  beam  in  inches 

Span 

in 

feet 

The  loads  are  for  beams  one  inch  wide  and  supported  at  both  ends 

6 

8 

10 

12 

14 

x6 

18 

6 

7 

laoo 

1600 
1600 

2000 
2000 

2400 
2400 

2800 
2800 

3200 

3  300 

3600 

1Q30 

3600 

8 
9 

900 
800 

1600 

2000 
2000 

2400 
2400 

2800 
2800 

3200 

3300 

3600 

1422 

3600 

xo 
zz 

720 

655 

I  280 
I  164 

2C00 

2400 

2400 

2800 
28CO 

3200 

3300 

3600 

18X8 

3600 

12 

13 

600 
554 

I  067 
985 

1667 

1539 

2400 

2800 
2800 

3200 

3300 

3600 

22x5 

3600 

14 
IS 

5U 

480 

914 
853 

1438 
1333 

2057 
1930 

2800 

3200 
3200 

3600 

26x3 

3600 

x6 
17 

450 

• 

800 
753 

1250 
I  176 

1800 

1694 

24S0 

2306 

3  200 

3600 

3012 

3600 

i8 
19 

7" 

674 

I  XII 

1053 

x  600 
15x6 

2x78 
2063 

2844 

3600 

2695 

34x1 

20 

640 

xooo 

X440 

X960 

2560 

3240 

21 

•••••■•• 

1371 

1867 

2438 

3066 

22 

1309 

1782 

2327 

3945 

23 

•••••••• 

1  253 

1704 

2  226 

28x7 

34 

X  200 

1633 

3133 

2700 

25 

1 153 

1568 

2048 

3593 

26 

X  xc6 

1506 

1969 

2492 

27 

1067 

1453 

Z896 

2400 

28 

I  029 

I  400 

X829 

2314 

39 

1353 

1766 

2  235 

30 

1307 

1707 

2  t6o 

Loads  above  the  heavy,  black  zigzag  lines  are  calculated  for  resistance  to  shear. 
For  safe  deflection-loads,  see  values  in  Tables  VII  to  XII,  according  to  the  value  of 
used,  and  determined  by  the  deflection-formula,  ixage  636. 


Woiking  Unit  Stresses  for  Woods.    Taken  from  BuOdmg  Laws     6^ 

8.  Working  Unit  Stresses  for  Average,  tTnseasoned  Woods 

Sife  Working  Unit  Stresoes  for  unseasoned  woods  (except  for  E)  are  given 
kTsble  XVI.  They  are  compiled  and  adapted  largely  from  recommended 
nrsTiE^ES  adopted  by  the  Association  of  Railway  Superintendents  of  Bridges 
pd  Buildings  and  by  the  American  Railway  Engineering  Association.  (See, 
*>.  page  449) 

bUe  XVL    Safo  Working  *  Unit  Stresses  for  Unseasoned  Woods,  in  Pounds 

pel  Square  Inch 


lad  of  wood 


Tension 


Factor  of  safety 

ffUteoak 

VUtcpine 

Lar-laf  yefiowr 


With 

the 

grsanl 


Ten 


ifir 

Skvt-leaf  yellow 


ledoiaeand 
^Mnraypine. 

Spraoe  ud  east- 
en  6r 

lisssock. ..... 

CjpRn 

Cahr 

Ckstmit 

CaL  red  wood. . 

CaLqjrace 


I   I  200 

[     TOO 

t  300 

8oo 


900 

800; 

I 

800  i 

600  I 

600  ; 
700; 
850 
700 


Across 

the 

grain 


Ten 


300 
60 


SO 
50 
SO 


1 


Compression 


Withtfae 
grain 


End- 
bear- 
ing 


Five 


Col- 
umns t 
under 

diams 


Five 


I  400 
I  100 

z  400 
z  200 

r  zoo 

z  000 


Z2  00 
,  I  ZOO 
■  Z  030 
I  I   ZOO 

900 


z  000 

800 

z  000 

900 
800 

7SO 

900 
8oo 
75c 
750 
800 
800 
800 


Across 

the 

grain 


Four 


500 

400 

350 
aoo 

250 

200 

200 
T50 
200 
200 
250 
150 


Beziding  t 


Ex- 
treme 
fiber- 
stxessi 


Six 


I  200 
700II 

I  900 

800I 


8ao 

700T 
600 
800 
700 
800 
750 
800 


Modur 
Tusol 
vlasti* 

dtyjl 
£/iooo 


Shearing 


One 


I  soo 
z  000 

I  500 
I  500 

1  200 

z  100 

Z  200 
900 
900 
700 

I  000 
700 

I  200 


With 

the 

grain 


Across 

the 

grain 


Four 


2CO 

zoo 

150 
Z30 

zoo 


zoo 
zoo 

zoo 
ISO 
zoo 


Four 


z  coo 

500 

z  250 
9CO 

z  000 
7SO 

7SO 
600 

400 
500 


'  *Tk  stresses  given,  except  for  E,  may  be  increased  30%  for  protected,  conmiercially 

JQr  timber,  not  subject  to  impact,  xf,  in  most  buildings. 

i  t  Seeabo,  Table  I,  page  557,  Table  XVII,  page  648,  and  Table  I,  page  1138. 

i  t  The  hrser  end-bearing  stresses  are  frequently  used  for  short  columns  and  for  column- 

nofas.    (See  tables,  pages  449.  Z138.)    Lower  factors  of  safety  give  higher  stresses. 

i  SoBK  of  these  values  are  considered  too  low,  relatively,  by  some  building  codes. 

IT^ese  values  <rf  B  are  for  seasoned  timber.    For  unseasoned  timber,  reduce  E 

'  llVe New  York  Building  Code  (1917)  stresses  fcr  these  aze  z  200  lb  per  sq  in. 


;  t  Workinc  Unit  Stresses  for  Woods.    TiJdng  from  Building  Laws. 

;  tie  Allowable  Working  Unit  Stresses  for  different  woods,  taken  from  the 
Mdiog  bws  of  four  cities,  are  given  in  Table  XVII.    The  unit  stresses 

k^IEMSION.  COMPRESSION,  BSKDINO  and  SHEAB. 
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Table  XVII.    Working  Unit  Strepset  for  Woodt,  ia  Pounds  per  SqiMi 

re  Inci 

Kind  o£  stress 

Kind  of  wood 

New 
York* 

Chicago 

Baltimore  ( 

Boflto) 

rension 

Yellow  pinet  •  • 
White  pine. .  . . 

Sprucet 

Hemlock 

Douglas  fir. . . . 
Oak. 

I  200 
700 
800 
600 
800 

I  aoo 

Z300 
800 
800 
800 

Z300 

X  200 

X  800LLYP 
xooo 

Z200 

800 

«    ■  ■  • 
■   •  •  • 

•  •  •  • 

•  •  «  « 

X  500 

Locust 

X  oooSLYP 

X200VP 

•  •  ■ 

Compression 
with  the 

Yellow  pinet  •  • 
White  pine. . . . 

Sprucei 

Hemlock. 

Douglas  fir. . . . 
Oak 

X  600 

I  000 

X  200 

800 

X  200 

X  400 
X  200 

•          • 

X  XOO 

700 
700 
500 
I  100 
900 

800SLYP*! 

X  oooLLYP 

800 

800 

600 

x6o 
100 

I  00 

•  •  •  • 

X  so 

grain 

xooo 

X  200 

800NC  or  YP 

140 

•    a    ■     ■ 

Locust 

ITompression 
across  the 

Yellow  pinet  •  • 
White  pine. . . . 

Spnicet 

Hemlock. 

Dotiglas  fir. . . . 
Oak 

350 

250 
aoo 
ISO 
200 
500 

a     •    •          •    • 

250 
200 
200 
ISO 

600LLYP 
400 
400 
500 

50 

35 

as 

•  •  •  • 

40 

gram 

500 

600 
xooo 
4ooNCorVP 

So 

Locust 

2S0SLYP!! 

•    •  •  • 

Transverse 
bending 

Vellow  pinet.  • 
White  pine. . . . 

Sprucet 

Hemlock 

Douglas  fir. . . . 
Oak 

X  600 
X  200 

X  200 

800 

X  200 

Z  200 

I  300 
800 
800 
600 

1300 

X  200 

X  800LLYP 
xooo 
I  350 
xooo 

x6o 
100 
100 

«  -  •  ■ 

I  so 

X  500 

X40 

Locust 

I  oooSLYPlI 

■    ■  *  * 

1 

Shear  with 
the  grain 

Yellow  pinet  •  • 
White  pine. . . . 

Spnicet 

Hemlock 

Douglas  fir. . . . 
Oak 

ISO 
XOO 
XOO 
XOO 
XOO 

200 

X30 

80 

80 

60 

130 

200 

xooLLYP 

85 
90 

75 

15 

xo 
zo 

•    •  •   • 

xa 

XOO 

xs 

Locust 

xaoSLYP 

90VP 

•    >    •  • 

Yellow  pinet. . 
White  pine. . . . 

Spruce^ 

Hemlock 

Douglas  fir. . . . 
Oak 

xooo 
500 
500 
600 

xooo 

X  000 

500LYP 

350 

3SO 
3SO 

X  20 

80 

84 

Shear  across 

the  grain 

X  00 

720 

X  20 

Lociist 

400VP* 

.  .  .  . 

•  Stresses  named  by  N.  Y.  are  given  m  the  19x7  Building  Code  of  the  Bonra^ 
fanhattan.  Exception:  Dist.  of  Columbia  omits  hemlock,  omits  chestnut  in  si 
cross  grain  and  puts  spruce  and  Virginia  pine  under  one  caption;  Cincinnati  mi 
aption  of  white  pine  and  spruce,  with  N.  Y.  whfte-pine  values,  and  gives  270  for  hem! 
>r  shear  across  grain,  t  Chicago,  "Douglas  fir  and  long-leaf  yellow  pine."  tChk 
o  values  for  spruce;  spruce-values  apply  to  Norway  pine.  |1  Chicago,  values  g 
)r  short-leaf  yellow  pine,  SLYP.  {  Baltimore,  LLYP  is  long-ieaf  yellow  pine: 
r  VP,  N.  Carolina  or  Virginia  pine.     1  Boston,  yellow  pine  b  "jrellow  pine  (long-kl 


f 
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Tkt  ATerage  Ultimate  Unit  Stresses  for  the  coniferous  or  softwoods 
■d  for  the  broad-leaved  or  hardwoods,  together  with  the  average  weights 
of  the  woods  per  cubic  foot  are  given  in  Tables  XVIII  and  XIX.  The  values 
fffca.  are  compiled  from  many  tests  on  numerous  species  of  timber.  In  regard 
b  tlie  range  of  values  for  the  same  kind  of  wood,  it  may  be  stated  that  the 
Klfacr  values  are  for  specimens  which  contained  a  percGitage  of  water  varying^ 
feon  15  to  20%;  and  that  tests  on  laboratory  specimens  showed  greater  strength 
&u  the  actual  pieces  used  in  construction.  The  weights  per  cubic  foot  are 
ncRges  of  the  weights  of  many  specimens  tested  and  agree  generally  with 
noase  values  given  in  other  tables  of  weights  of  materiak. 
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Table  ZVm.*    Average  Ultimate  Unit  Stresses  for  the  Comferons 
or  Softwoods,  in  Poonds  per  Square  Inch 


Weight 

in  lb 

percu 

ft,  dry. 

Tension 

Compression 

Bend- 
ing 
(mod- 
ulus of 
rup- 
tttfe) 

Shear 

Kind  of  wood 

With 

the 

grain 

Across 

the 

grain 

With 

the 

grain 

AcrxM 

the 

grain 

Cedar  (white) 

19.72 

8000 

4000 

700 

5000 

400 

I  30C 

to 

to 

to 

to 

• 

20.70 

1x400 

6000 

XSH 

Cedar  (red). . . ,   , 

23.66 

8000 

4000 

700 

5  000 

X  soc 

to 

7000 

Cypress 

29.80 

4000 

4000 

700 

5  000 

500 

to 

to 

to 

to 

6000 

8000 

800 

II  700 

Hemlock 

26.42 
to 

6  000 

to 

4000 
to 

600 

to 

3500 

350 

3  50c 

to 

32.29 

8700 

7420 

700 

a7Sc 

Pine  (white) 

25. 55 

3000 

3000 

700 

4000 

22s 

348c 

to 

to 

to 

to 

to 

Pine  (red),  (Norway 

12000 

6650 

1000 

10  000 

423 

Dine) 

30.25 

5  000 

6000 

800 

5  000 

500 

to 

to 

to 

to 

Pine  (yellow),  (long- 

13000 

8000 

I  000 

12300 

leaf) 

43.62 

6000 
to 

5000 
to 

I  000 

to 

7000 
to 

30O 
to 

4  34c 

to 

Pine  (yellow),  (short- 

13000 

9500 

I  400 

14200 

700 

Sooc 

leaf) 

38.40 

5  000 

4  000 

900 

6  000 

400 

4  ooc 

to 

to 

to 

to 

to 

to 

Douglas  fir  (Oregon 

10  000 

9000 

I  000 

12400 

700 

sooc 

Dine) 

32.14 

9000 
to 

4880 

800 

6500 
to 

500 

«'****''  •••••• 

to 

to 

to 

14000 

9800 

I  200 

12  100 

600 

Redwood  (California) 

26.23 

7000 
to 

10853 

3000 

to 

4000 

800 

4500 

400 

•  •■••» 

Spruce  (black) 

28.57 

5000 

4000 

700 

4000 

250 

aass 

to 

to 

to 

to 

Spruce  (white) 

25.25 

19500 

5000 

7850 

4000 

700 

12  000 
4000 

400 

aso 

3ass 

to 

to 

to 

to 

19  500 

7850 

12  000 

400 

•  The  higher  values  of  tensile  and  compressive  strengths  are  for 
oned  "  timber  containing  from  10  to  15%  of  water.  For  safe 
lexure,  5ee  Table  I,  page  557. 


-dry  " 
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Table 


AT«ittse  UltlaMto  Unit  StrottM  for  tiM  Broftd-LoftYod  or 
Haidwoodt,  in  Pounds  per  Square  Inch 


Sands  of 


Aih  (white) . 


AahCred)... 
Ash  (green). 

Cfaegtnvt... 

Elm  (yrhitej 

Gtm.... .... 

Hkka 

loca 

Usnum-vit«e 
M^Ie  (hard) 


iCavIe  (wfaite) 


(Central 
'     America) 

j<kk  (white) 

I  Oak  (chestnut) 

lOskOive) 

I  Oak  dad  aad  black) 


Bb^v  (wfaitewood). 

Vaknt  fwliite)  (bttt- 
tarattt).. •••  • 


lalstst  rblack).. 


Wdght 

ialb 

percu 

ft,  dry 


40.77 


44-35 


41.00 


45.a6 


36.S3 


46.  x6 
to 

Sa.i7 
45.70 


77 
43 


12 

06 


33.84 


3S.00 


46.35 


S3  63 
59  ai 
40.75 


30.00 


35.46 


JLIL 


Tension 


IX  000 

to 
17000 


9000 

to 

X3000 

8000 

to 
13000 
15000 

to 
18000 
laSoo 

to 
X8000 
10500 

to 

24800 

II  000 

8000 

to 

10  000 

8000 

to 

10  000 
3300 

to 

17900 
16000 

to 

19500 

10  000 

13000 
10  000 


7000 


12  000 


CxMnpreMion 


WHh 
the 

grain 


4000 

to 

9000 
6800 
8000 

to 

9800 
5000 


6000 

to 

10  000 

5600 

to 

8500 

7000 

to 

10000 

7000 

to 

II 700 

8800 

7000 
to 

9940 

6000 

to 

7500 

6000 


4  500 
to 

II  300 

7  500 

9000 

4000 

to 

8500 

4000 

to 

5  700 

5000 
to 

6800 

7500 


Acpoas 

the 

grain 


1900 


I  700 


900 


X  300 


I  400 


3700 

to 

3300 


1700 

to 

I  900 


aooo 


3300 


Bend- 
ing 
(mod- 
ultttof 
rup- 
ture) 


6300 
to 

14  300 

*  •  ■  •  «  • 

5  100 

to 

16000 

5000 


7300 

to 

13600 

6000 

to 

12700 

5400 

to 

34300 


10800 


6  000 


9  100 

to 

15400 


•    »   ■    V 


Shear 


With 

the 
grain 


450 

to 

1 100 

I  000 


600 


800 


800 


I  000 
to 

I  300 


399 
to 
537 


750 
to 
I  000 


Z  100 


AeroM 

the 

grain 


6380 


6380 


ISOO 


5890 


6000 

to 

7800 

7176 


635s 


6355 


4435 


8480 


4418 


3830 


4738 


The  >wyh<»r  values  of  the  tensile  and  compressive  strengths  are  for  "  dry  "  or 
"Tooed  "  timber  containing  from  10  to  15%  of  water.     For  safe  fiber-stresses  foe 
A.  see  Table  I,  page  557. 
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CHAPTER  XVn 

STRENGTH   OF   BUILT-UP,   FLITCHED    AND   TRUSS! 

WOODEN  GIRDERS 

By 
F.  H.  KINDL 

LATE  CORRESPONDING  UEICBER  AMERICAN  INSIITUXB  OF  ARCBUBCXS 

1.  Built-Up  Wooden  Girders 

Built-Up  Wooden  Beams.  Wooden  beams  or  girders  built  up  of  plai 
spiked  or  bolted  together  side  by  side,  will  generally  be  somewhat  stnx 
than  solid  girders  of  the  same  dimensions,  because  the  planks  will  be  bei 
seasoned  and  freer  from  check-cracks  and  other  defects.  For  beams  or  girc 
lo  in  or  less  in  depth,  spikes  will  usually  be  sufficient  to  bind  the  planks  togetl 
l)ut  for  deeper  b€sa.ms,  bolts  should  be  used  in  addition  to  the  spikes,  to  pre^ 
the  planks  from  separating  and  the  outer  planks  from  warping  or  curling  ai 
from  the  others. 

Bolts.  Two  bolts  should  be  placed  at  each  end  of  the  beam  and  every  I 
ieet  of  its  length. 

Lengths  of  Planks.  When  a  beam  is  built  up  in  this  way  each  pi 
should  extend  the  full  length  of  the  beam.  In  a  continuous  beam,  the  pla 
should  break  joints  over  the  supports.  The  i^anks  of  built-up  beams  sIm 
;always  be  set  on  edge,  never  flatwise. 

Compound  Wooden  Beams.  It  is  sometimes  necessary  to  use  a  woe 
"beam  for  a  longer  span  or  greater  load  than  is  safe  for  the  deepest  singi£  be 
that  can  be  obtained,  or  for  a  beam  built  up  of  planks.  In  such  cases  oompo 
'WOODEN  BEAMS  may  be  used. 

Definition.  By  a  compound  wooden  beam  or  girder  is  meant  a  b 
Jbuilt  up  by  placing  two  or  more  single  beams  over  another  one,  with  the  i 

of  having  them,  act 
SINGLE  BEAM  having 
depth  of  the   oomh 
beams. 

Strength     of     G 
pound  Beams.     If 
Jig.  1.    Two  Simple  Wooden  Beams.  One  Over  the  Other,    lo  by  lo-in  beams  i 

Loaded  in  Middle  placed  one  on  top  of 

other,  and  the  upper 
loaded  at  the  middle,  the  beams  would  act  as  two  separate  beams  (Fi^.  1) 
their  combined  strength  would  be  no  greater  than  if  the  two  beams  were  pi 
-side  by  side.  If,  however,  the  two  beams  can  be  joined  so  that  the  fiba 
the  lower,  hi^up  will  be  extended  as  much  as  would  be  the  case  in  a  ij 
beam  of  the  same  depth,  or,  in  other  words  so  that  the  two  beams  wOl 
flip  on  each  other,  the  compound  beam  will  have  four  times  the  strenst 
the  SINGLE  beam. 

Tests  of  Compound  Beams.  Various  attempts  have  been  made  to 
beams  thus  placed  so  as  to  prevent  the  two  parts  slipping  on  each  other. 


\ 


Btiiit-Up  Wooden  Girders 


653 


Was  the  years  z 896-7*  Edgar  KidwcU,  of  the  Michigan  College  of  Mines, 
Mde  aa  extended  series  of  tests  of  the  efficiency  of  compound  beams  of  differ- 
M  patterns.  From  these  tests  much  valuable  data  was  obtained.  A  full 
bcnpuoa  o£  the  tests,  accompanied  by  the  conclusions  of  the  author,  and  the 

6 and  data  for  proportioning  the  bolts  and  keys,  of  keyed  beams,  is  pub- 
in  the  Trans.  Am.  Soc.  M.  £.,  vol.  27. 

Smyls  Form  of  Compound  Beam.  A  form  of  compound  beam,  some- 
be  used  in  American  building-construction,  is  shown  in  Fig.  2,  diagonal 
brds  in  opposite  directions  being  nailed  to  each  side  of  the  two  timbers  to 
ptrent  their  slipping  on  each  other.  T.  M.  Clark,  in  his  Building  Superin- 
esdence,  advocates  this  as  one  of  the  best  forms  of  compound  beams,  and 


Fig.  2.    Simple  Form  ol  Compound  Wooden  Beam 

its  ETFiciENCY  at  about  95%  of  that  of  a  solid  beam  of  the  same  depth. 

Kidwell  made  nine  tests  of  this  type  of  beam.    In  six  of  the  beams 

Intio  of  span  to  depth  was  as  12  to  i,  and  in  three  of  the  beams,  as  24  to  i. 

shorter  beams  gave  an  average  efficiency,  without  much  variation,  of 

!^  and  the  longer  beams  an  efficiency  of  80.7%. 

vai  found  that  the  beams  failed  by  the  splitting  of  the  diagonal  pieces  or 

(drawing  of  the  nails;  "in  every  case,  long  before  the  beam  broke,  the  struts 

open  or  the  nails  were  partly  drawn  out  or  bent  over  in  the  wood,  thereby 

the  component  beams  to  slide  on  each  other.'*    When  built  with 

boards,  xVi  in  thick,  nailed  vrith  tenpenny  nails,  as  in  Fig.  2,  the 

fc  sxxENGTH  of  such  a  beam  may  be  taken  at  65%  of  the  strength  ot 


PLAN 


13 


•2?<^^7^.l,?.?l 


Y  CENl 


m  PLAN 

CENTER  Y  X 


Buiyi*  n»iMii  n  Hi  Buau 1 H«nl  PIm  Bmm  90  ftrBaaa  ^fl* 


-AMd  PlM  Bmm  90  flrBpaa- 
Flg.  3.    Compouad  Keyed  and  Bolted  Wooden  Beams 

beam  of  the  same  depth  and  of  a  breadth  equal  to  the  breadth  of  the 
The  deflection  of  the  beam,  however,  will  be  about  double  that  of 
of  the  same  size,  and  on  that  account  this  t>T>e  of  beam  is  not 
leoomnieiided  for  supporting  floors  with  plastered  ceilings  or  for  carrying 
partitions. 

red  Beams.    Professor  Kidwell  tested,  also,  several  t3rpes  of  keyed 
and  found  that  a  compound  beam  kQred  and  bolted  together,  as  shown 
3,  btbe  naost  efficient  form  that  it  is  practical  to  build. 
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It  was  found  that  with  oak  keys  it  was  possible  to  obtain  an  EnriciENcy 
spruce  beams  of  9s7<h  while  the  defi,ection  varied  from  20  to  35%  moce  d 
would  be  expected  in  a  solid  beam. 

Cast-iron  Keys.  By  using  cast-iron  keys  the  deflection  was  found  tc 
but  little,  if  any,  greater  than  for  a  solid  beam. 

Shape  of  Keys.  The  keys  must  be  wedge-shaped,  as  shown  in  Fig.  4 
that  they  can  be  driven  ti^tiy  against  the  end-wood. 

Efficiency  of  Keyed  Beams.  Professor  Kidwell  recommends  that 
ordinary  purposes  an  efficiency  of  75%  be  allowed  when  oak  keys  are  \ 
and  of  80%  when  the  keys  are  of  cast  iron.  The  width  of  an  oak  key  shi 
be  twice  its  height.  Numerous  small  keys  closely  spaced  gave  better  res 
than  fewer  large  keys.  In  his  report,  Profefisor  Kidwell  gives  fonnulas,  1 
for  the  number  and  spacing  of  the  keys. 

Keys,  Bolts  and  Washers  for  Compound  Beams.  As  compound  be 
when  used,  are  generally  built  up  of  8^  10,  12  or  14-in  timbers,  Mr.  Kic 
some  years  ago,  prepared  a  table  giving  the  sizes  of  keys,  the  number  req\ 
on  each  side  of  the  middle  of  the  span,  their  minimum  spacing  and  the  sb 
the  ix>lts  and  washers  to  be  used  for  such  beams  of  from  20  to  36-ft  s{ 
He  noted  that  the  maximum  sate  uoads  for  such  beams  should  be  75%  oi 
loads  computed  by  Formula  (10),  page  630,  for  a  beam  supported  at  both  < 
and  loaded  with  a  uniformly  distributed  load. 

Table  I.    Keys,  Bolts  and  Washers  for  Compound,  Keyed  Wooden  Bern 


Size  of 

beams 


i6-in  beams 
20-in  beams 
24-in  beams 
28-in  beams 


Size  of  keys 


Bolts 


iM  by  3  -in  oak  ke^'s 
iH  by  3  -in  oak  keys. 
2  by  4  -in  oak  keys 
2H  by  4^^in  oak  keys 


?4-in 

?4-in 
li-in 
^^-in 


Washers 


3  -in 

3  -in 
3V^in 
aJ-i-in 


l^umber  of  keys  each  si 
of  center  line 


White 
pine 


7 

9 
8 

9 


Spmoe 


8 

II 

9 
xo 


\ 


Doog- 
las 
fir 


XI 

13 

13 

xa 


U 

I 
ye 

p 


Size  of  keys 


1^4  by  3  -in  oak  keys 
2  by  4  -in  oak  keys 
2^4  by  4H-in  oak  keys 


Bolts 


?4-in 
^^n 
lirin 


Washers 


3-in 
3-in 
3-in 


Minimum  spacing  ol  ke 


iiH-in 
15  -4n 
17   -in 


xiH-in 
IS  -In 
17    -in 


9  -in!  9 
III 
13 


xiH-in 
13    -in 


The  Breadth  or  Thickness  of  Compound  Beams  should  be  not  less 
two-fifths  of  the  depth. 

The  Number  of  Keys  required  is  not  affected  by  the  length,  or  bread 
the  beam,  if  the  beam  is  figured  for  the  full  safe  load. 

In  Spacing  the  Keys  (Figs.  3  and  4)  they  should  not  be  closer  tbs 
minimum  spacing  given  in  Table  I.  For  beams  loaded  at  the  middle,  the  < 
ing  of  the  keys  should  be  uniform  from  X  to  F,  Fig.  3.  7  being  one-eight] 
span  from  the  center  line.    If  the  distance  between  the  keys,  center  to 
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|»vtxfo  out  leas  than  the  minimum  spadng,  the  safe  kMtd  should  be  cor- 
lieA'ngly  reduced  or  the  thickness  of  the  beam  increased. 

hr  Beams  Uaifoniily  Loaded,  the  fint  four  or  five  keys  from  the  end 
irid  be  spaced  for  minimum  spacing,  and  the  spacing  of  the  remaining  keys 
used  toflracd  the  point  Y.  When  the  ratio  of  depth  to  span  is  greater  than 
^  16,  the  inner  key  may  be  a  little  more  than  one-eighth  the  span  from  the 
ar  fne,  for  distributed  loads.  Fig.  3  shows  the  proper  spacing  for  a  20-in 
Be  beam  oi  28-ft  span  and  for  a  long-leaf  yellow  pine  beam  of  30-ft  span; 
Itbe  tabulation  below  gives  the  proper  spacing  of  keys  for  spruce  beams  of 


LA 


»— S 


I 


-»      I, 


f-X  Bolt  .1' 


"S^ 


Wacher 


?>xv 


A  ELEVATION  OF  20"  BEAM 


TT 


11 


B  PLAN  OF  14"  X  24"8PRUCE  BEAM -86'  SPAN 
I  Fig.  4.    Details  of  Keyed  and  Bolted  Wooden  Beam 

i 

^  ^xms*  fij^ured  from  the  end  of  the  beam  in  each  case.  For  other  woods 
'^lans  the  spacing  should  be  made  as  near  like  these  as  the  fixed  condi- 
jlwill  permit.  Four  examples  of  spacing  are  given  below.  The  sizes  of 
f  and  washers  to  be  used  are  given  in  Table  I.    If  the  beam  is  not  over 

fwide,  the  bolts  may  be  arranged  as  for  the  spruce  beam  (Fig.  3);  if  12  in 
«r  over,  the  bolts  should  be  staggered  as  shown  for  the  hard-pine  beam. 
(very  wide  beam  the  bolts  might  be  spaced  as  in  detail  B,  Fig.  4. 
jtODK  of  keys  in  inches  for  spruce  beams,  commencing  at  end,  for  uniformly 
poted  loads: 

■a^ciice  beam,  32-ft  span,  10,  12,      12,  16,      19,  24, 32 

Bk  spruce  beam,  32-ft  span,  10,  11^,  iiV^,  11V&,  12, 12, 12, 13, 15, 18,  24 

inqxiice  beam,  36-ft  span,  13,  15,      15,  15,      15, 16, 18,  20,30 

m  qjruce  beam,  3^ft  span,  15,  17,      17,  17,      17, 17, 17, 17, 17, 17 

I 

2,  Flitched  Beams  or  Flitch-Plate  Girders 

icfc-Pfate  Beams  (Fig.  5)  were  at  one  time  much  used,  but  with  the 
paces  of  steel  it  is  cheaper  and  better  to  use  steel  beams. 
fofiowioK  explanation  and  formulas  are  given,  however,  for  the  benefit 
who  might  have  occasion  to  use  a  beam  of  this  kind.    It  has  been 
in  practice  that  the  thickness  of  the  wood  should  be  sixteen  times  the 
of  the  steel.    As  the  steel  is  so  much  stxyver  than  the  wood,  we  must 
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proportion  the  load  on  the  wood  so  that  the  latter  will  bend  as  much  i 
steel  plate  bends:  otherwise  the  whole  load  might  be  thrown  on  the  steel  \ 
The  MODULUS  OF  ELASTICITY  of  Steel  13  about  twenty  times  that  of  lo* 
yellow  pine;  so  that  a  beam  of  this  wood,  i  in  wide,  will  bend  twenty 

as  much  as  a  plate  of  steel  of  the 
size  and  under  the  same  load.  £ 
if  we  want  this  beam  to  bend  ji 
much  as  the  steel  plate,  we  mus 

Fig.  5.    Flitch-plate  Girder  ^y  one-twentieth  the  load   on  i 

the  wooden  beam  is  sixteen  tin 
thick  as  the  steel  plate,  we  should  put  sixteen-twentieths  of  its  safe  load 
or,  what  amounts  to  the  same  thing,  use  a  constant  only  four-fiftlis  ( 
strength  of  the  wood. 

Formulas  for  Flitch-Plate  Girders.  On  this  basis  the  following  fan 
have  been  derived  for  the  strength  of  flitch-plate  girders,  in  which  the '. 
ness  of  the  wood  is  sixteen  times  the  breadth  of  the  steel,  approximately: 

Let  d  —  depth  of  beam  in  inches 

b  "  total  thickness  of  wood  in  inches 

I »  clear  span  in  feet 

/  -■  thickness  of  steel  plate  in  inches 

C  53.6  for  long-leaf  yellow  pine 
A'* "  <  45  for  Douglas  fir 
(  31  for  spruce 
P  »  total  load  at  middle  in  pounds 
W  >■  distributed  load  in  pounds 


Then,  for  beams  supported  at  both  ends. 


Safe  load  at  middle  in  pounds  ^-r  {A'b+  889  0 
Safe  distributed  load  in  pounds  «  —  (A'b  +  889  /) 


4  /      St 

For  distributed  load,  rf  -«  V  — m :r- 

T  2A'b'hi77Si 

For  load  at  middle,  d^  K/tt; — ::z — 

■    y  A'b  +  SSQt 

The  bolts  should  be  %  in  in  diameter,  and  spaced  2  ft  on  centers. 
end  should  have  two  bolts,  as  in  Fig.  5. 

Example.  What  is  the  safe  load,  uniformly  distributed,  for  a  girdo'  coo 
of  three  4  by  14-in  Douglas-fir  timbers  and  two  %  by  14-in  flitch-plates,  1 
span  of  2$  ft? 

Solution.    By  Formula  (2), 

Safe  load  - ^(45  X  12  -f-  889  X  8/4)  -18  922  lb 

25 

3.  Trussed  Beams  and  Sirders 

Use  of  Trussed  Beams  and  Girders.  Whenever  we  wish  to  snpp 
floor  upon  girders  having  a  span  of  more  than  30  ft,  we  must  use  a  tk 
OiRDER,  a  riveted  steel-plate  girder,  or  two  or  more  steel  beams.    1 

•For  commercially  seasoned  timber  and  for  ideal  conditions  these  values  mav 6 
about  30%.  ^^ 
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pt  dicumstances  and  in  some  parts  of  the  country  it  may  be  cheaper  or 
pecoDvcziient  to  use  a  large  wooden  girder,  and  truss  it,  as  in  Figs.  6,  7,  8  or  9. 

B^th  of  Trussed  Girdar.  For  all  these  forms  it  is  desirable  to  give  the 
rieo  as  much  depth  as  the  conditions  allow;  as,  the  deeper  the  girder,  the 
iilrr  the  stresses  in  the  pieces. 

li  the  Sinsle-Strttt  Trussed  Girder,  we  either  have  two  beams,  and  one 
iwisch  runs  up  between  them  at  the  ends,  or  three  beams,  and  two  rods 
taDBg  up  between  the  beams  in  the  same  way.  The  beams  should  be  in  one 
Btiaiiaus  lengrth  for  the  whole  span,  if  they  can  be  obtained  in  that  length. 
m  requisite  dimensions  of  the  tie-rod,  struts  and  beams,  in  any  given  case, 
■I  be  determined  by  first  finding  the  stresses  developed  in  these  pieces,  and 
■  the  areas  of  cross-sections  required  to  resist  these  stresses. 

Iv  a  Sncle-Strut  Truss  (Fig.  6),  the  stresses  in  the  pieces  may  be  deter- 
M  by  the  following  formulas: 

lb  a  Diatdboted  LomI  W  Over  the  Whole  Girder  (Fig.  •) 


.  «.    Trussed  Wooden  Girder.    One  Vertical  Strut 


Tension  in  T 


W       length  of  T 
2       length  of  C 


Compression  m  C  -  %  IF.    (See  Note.) 

_  .      .     _      IK  ^IcngthofB 

Compression  m  B  -  —  X  , — _,.     .  ^ 

2       length  of  C 


(5) 
(6) 

(7) 


Ml    Whoi  the  beam  B  is  in  one  piece,  the  full  length  of  span.    If  B  is 
Bed  over  the  stmt  then  compression  in  C  or  tension  in  22  im  ^W. 

|hr  a  Ceaceotratad  Lc«d  P  Over  C  (Plg.  O 


Tension  in  r 


P     length  of  T 
2     length  of  C 


(8) 


Compression  inC^P 

.      .    „     P     length  of  B 
Compression  m  B  -  -  X  , r — T^ 

2     length  of  C 


(9) 


•  Gifdcr  Tmssed  at  hi  (fig.  7),  Under  a  Distributed  Load  W  Over  the 


Compression  m  5  -   —  X  ; — _,.     .  _ 

2        length  of  R 


do) 


Tension  mR 
Tension  in  B 


-HW.    (See  Note.) 
W      length  of  B 

M       X ^ 

2        length  of  R 


(ii) 


.    When  the  beam  B  is  in  one  piece,  the  full  length  of  span.    If  B  is 
over  the  strut  then  compression  in  C  or  tension  in  IS  ^\^W. 
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7or  a  CoBcantftttod  Load,  P  at  the  MMdle  (Fig.  T)  j 


Fig.  7.    Trussed  Wooden  Girder.    One  Vertical  Tie 


^  .      .    c     i*  _  length  of  5 

Compressu>n  m  5  -  -  X  ,    ^,    .  „ 

2     length  of  R 


Tension  in  R 
Tension  in  B 


mP 

P     length  of  B 
2     length  of  R 


For  a  DottUe-Strat  Trussed  Beam  (Fig.  8)  with  a  Distrilmted  homA 
the  Whole  Girder  (Beam  B  Divided  into  Three  Equal  Spans) 


B 


W 


Fig.  8.    Traased  Wooden  Girder.    Two  Vertical  Struts 
Tension  in  T 


W  length  of  T 
S  ^  length  of  C 
W 


Compression  in  C  »  — 

3 

r«  •      •    »      X      •      .    »^     ^     length  of  B 

Compression  m  B  or  tension  m  Z?  •  —  x ,--— — 7-=, 

3       length  of  C 

For  a  Concentrated  Load  P  Otot  Each  of  the  Struts  C  (Fie.  8) 

length  of  T 


Tension  in  T 


PX 


length  of  C 


Compression  in  C  *  P 

Compression  in  B  01  tension  in  Z>  -  P  X  ,^      ,  ^     - 

length  of  C 

For  a  Girder  Trussed  as  m  Fig.  9.  and  Under  a  Distributed  I^^ad 
the  Whole  Girder  (Beam  B  Divided  into  Three  Equal  Spans) 

^  ,      .    „     W     length  of  5 

Compression  m  5  -  —  X  . — ^ — r^ 

3      length  of  JC 


Tension  in  R 


W 
3 


Tension  in  B  or  compression  in  D  --  X  ??Bi^l2L? 

3      length  of  R 
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b  CoKcatatod  Loads  P  A»ii«d  at  J«iais  a  aad  3  (Fig.  •) 

2  8 


5 


N 


Fig.  9.    TtuBsed  Wooden  Girder.    Tiro  Vertical  Tfes 

^  .      •    o     «     length  of  5  ,    ^ 

Compression  m  5  -  P  X  , — _,....  (20) 

length  of  J? 

Tension  in  i^        «  P 

i  •*«••««  .      .    «     «     length  of  5  .    ^ 

Tension  m  B  or  compression  m  i?  -  P  X  .     .  _  (21) 

length  of  R 

TnBBts  constructed  as  shown  in  Figs.  8  and  9  should  be  divided  so  that  the 
is  Jt  or  the  stmts  C  will  divide  the  lengths  of  the  girder  into  three  equal  or 
eqoal  parts.  The  lengths  of  the  pieces  T,  C,  B,  R,  S,  etc.  should  be 
ON  THE  AXIAL  LINES  of  the  pieces.  Thus,  the  length  of  R  should  be 
from  the  center  like  or  axis  of  the  tie-beam  B  to  the  center  line 
of  the  strut  D;  and  the  length  of  C  should  be  measured  from  the  axis 
t^  rod  to  the  axis  of  the  strut-beam  B. 

After  determining  the  stresses  in  the  pieces* by  these  formulas,  we  may  corn- 
tbe  areas  of  the  cross-sections  by  the  following  rules: 

.          ,                 ^-/u^.^     compression  in  strut  ,    , 

Area  of  cross-section  of  a  short  strut (22) 


r 


vfaich  Sc  for  cast  iron  may  he  taken  at  from  13  000  or  14  000  lb  per  sq  in, 
for  wood  as  given  in  Table  X.VI,  page  647. 

siae  of  the  long  strut  D  (Fig.  9)  should  be  determined  by  means  of 

451  and  453  for  wooden  columns,  Chapter  XIV. 

diameters  of  the  tie-rods  may  be  obtained  from  Table  II,  page  388. 
For  the  beam  B  (Figs.  8  and  9)  when  the  load  is  distributed,  we  must  compute 
f  necessary  area  of  cross-section  as  a  strut  (Fig.  8)  or  a  tte  (Fig.  9),  and  also 
i  area  of  its  cross-section,  as  a  beam,  required  to  support  its  load,  and  use 
Run  with  a  section  equal  to  the  sum  of  the  two  sections  thus  obtained. 

I        Area  of  cross-section  of  B  to  resist  )       tension        compression 

tension  or  compression  )         St  Sc 

trusses  shown  in  Figs.  6  and  7,  with  distributed  loads, 

Wxl 

I  Breadth  of  £  (as  a  beam) z — :  (24) 

4Xd*XA 

like  trusses  shown  in  Figs.  8  and  9,  with  distributed  loads, 

Wxl 
Breadth  of  jB  (as  a  beam)  «  - — — — -  (25) 

o  X  fl  X  ."i 

[CccDpare  Equation  (24)  and  (25)  with  Equation  (11),  page  630.) 

W  denotes  the  total  distributed  load  in  pounds  on  the  girder,  and  /  the  length 
Ifeet  of  one  section  of  the  beam<  When  the  loads  are  concentrated  over  the 
tes  C  (Fig.  8)  or  at  the  joints  R  (Fig.  9)  then  there  will  be  no  transverse 


^ 
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STRESS  on  the  beams  B,  and  they  need  be  proportioned  for  the 
or  TENSILE  STRESS,  Only,  as  the  case  may  be. 

In  Formulas  (23),  (24)  and  (25),  for  5e-and  St,  substitute  the  values 
safe  unit  stresses  for  compression,  Table  XVI,  page  647,  and  for  tension,  X 
II,  page  38S,  and  for  A  substitute  the  values  recommended  in  Tables  ir 
XVI,  pages  628  and  647. 

niustrative  Examples.  To  illustrate  the  method  of  computing  the  dii 
sions  of  the  different  parts  of  girders  of  this  kind,  two  examples  are  given. 

Example  i.  It  is  required  to  design  a  trussed  girder  of  the  form  show 
Fig.  6,  for  a  span  of  30  ft.  The  girders  are  to  be  12  ft  on  centers,  axid  aj 
carry  a  floor  loaded  with  100  lb  per  sq  ft.  The  girder  consists  of  three  s 
beams  B^  side  by  side,  and  two  rods.  We  can  allow  the  rod  T  to  come  tw«3 
below  the  beams  B,  and  we  will  assume  that  the  depth  of  the  beams  H 
be  12  in;  then  the  length  of  C,  measured  from  the  center  line  of  the  beam, 
be  30  in.  The  length  of  £  is  15  ft,  and  by  computation,  or  by  scaling,  ire 
the  length  of  T  to  be  15  ft  2H  in. 

Solution.    The  total  load  on  the  girder  equals  zoo  lb  multiplied  by  the 

multiplied  by  the  distance  of  the  girders  on  centers,  or,  100  X  30  X  12  «  36  o( 

From  Formula  (5), 

_      .      .    ^     36000      1 82 H  in 

Tension  m  i  « x : —  -  109  500  lb 

2  30  m 

or  54  750  lb  on  each  of  the  two  rods.    For  such  a  large  stress  it  is  best  to  1 
the  ends  of  the  rods,  and  allowing  16  000  lb  per  sq  in  for  steel  rods,  we  find 
Table  II,  Chapter  XI,  that  we  must  use  two  2U-in  steel  rods. 

The  dtrut-beam  we  will  make  of  long-leaf  yellow  pine.  From  Formula  (^ 
find  the  compressive  stress  in  5  =  (36  000/2)  x  (180/30)  - 108  000  lb.  As  w 
to  use  three  beams  side  by  side,  there  will  be  36  000  lb  compression  in  each  fa 

To  resist  the  compression  there  is  required  an  area  of  36  000/ 1  000  or  36  : 
which  is  equal  to  3  by  12  in. 

From  Formula  (24)  we  find  the  total  breadth  required  to  resist  the  trans 

stress  — —-  —  14  in;  or  each  beam  must  be  4H  by  12  in  in  sect« 

4  X  144  X  67 

resist  the  transverse  stress,  and  3  by  12  in  to  resist  the  compressive  si 

Consequently  each  beam  must  be  7H  by  12  in  in  cross-section. 

As  this  would  make  the  girder  ver>'  wide,  27U  in,  we  will  use  beams 
deep,  increasing  the  depth  of  the  girder  i  in,  so  that  the  height  on  center 
still  be  30  in. 

The  area  required  to  resist  the  compressive  stress  will  be  the  same  as  b 

36  in,  but  as  the  beam  is  14  in  deep  the  breadth  will  be  only  2.57  fzi. 

36  000  yc  1 5 

The  total  breadth  to  resist  the  transverse  stress  will  be =-  »  10 

4  X  196  X  67 

or  3.43  in  for  each  beam.    The  total  breadth  for  each  beam  will  thereCo 

6  in.    A  beam  with  a  cross-section  of  6  by  14  in  will  meet  the  requires 

The  total  width  of  the  girder  will  then  be  22H  in.    The  load  on  C  »  ^ 

22  500  lb,  or  II  250  lb  over  each  rod.    The  theoretical  sectional  area  in  9 

inches  necessary  to  resist  this  load  =11  250/13  000  for  cast  iron  and  1 1  350/ 

for  oak.    As  the  struts  must  be  the  full  width  of  the  girder,  however,  i 

be  necessary  to  make  the  sectional  area  much  greater  than  the  theoretic 

quirements.    If  made  of  cast  iron  the  strut  should  be  of  the  shape  sboi 

Fig.  10.  and  if  of  oak,  of  the  shape  shown  in  Fig.  II.    The  cast-iroo.  stra 

be  the  best,  but  an  oak  strut  will  answer. 
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3.     It  is  required  to  support  A^  floor  over  a  lecture-room  40  ft  wide, 
ol  trussed  girders;  and  as  the  room  above  is  to  be  used  for  electrical 
it  is  desired  to  have  a  truss  with  very  little  iron  in  it.    It  is  decided, 
pttoie,  to  use  a  truss  such  as  is  shown  in  Fig.  9. 

Where  the  girders  rest  on  the  wall,  there  will  be  brick  pilasters 
a  ptojection  of  6  in,  which  will  make  the  span  of  the  truss  39  ft,  and 

tiods  RR  will  be  plac«l  so  as  to  divide  the  tie- 
i  into  three  equal  spans  of  13  ft  each.    The  tie- 
beam  B  will  consist  of  two 

long-leaf  yellow  pine  beams, 

with  the   struts  5   coming 

between   them.    There   are 

two  rods,  instead  of  one,  at 

RR^  coming  down  on  each  side 

of  the  struts  S,  and  passing 

through  iron  castings  below 

the  beams  B,  and  forming 

supports    for    them.     The 

height    of    the    truss   from 

center  to  center  of  timbers 

must  be  limited  to  18  in. 

The   trusses    are    8    ft  on 

centers. 

take  total  floor-area  supported  by  one  girder  is  8  by  39  ft,  or  312  sq  ft.    The 

viest  load  to  which  the  floor  will  be  subjected  is  the  weight  of  the  people 

^  room,  for  which  75  lb  per  sq  ft  is  an  ample  allowance;   and  the  weight 

Ihe  floor  itseif  is  about  xoo  lb  per  sq  ft.    This  makes  the  total  weight  liable 

on  one  girder  31  200  lb. 


k 


I(L    Cast-iron  Strut 
i  £ar  Two  Tie-rods 


Fig.  11.    Wooden  Strut  for 
Two  Tie-rods 


Compression  in  S,  from  Formula  (18) 


Tenson  in  one  pair  of  rods 


Tension  in  ^  or  compression  in  D» 


^x 

3 

157  m 
18  in 

- 

— - 
3 

X0400 

lb 

W 
—  X 
3 

156  in 
x8in 

■ 

90  700  lb 


90 130  lb 


K  uDsuppcxted  length  of  D  is  greater  than  that  of  S,  a  beam  that  will 
the  compression  in  D  will  be  ample  for  S.  We  6nd  from  Table  II,  Chap- 
IV,  that  it  will  require  a  post  10  by  12  in  in  cross-section  to  resist  the  com- 
in  Z>,  whidi  is  i  ^  ft  in  length.    The  tension  in  each  rod  Is  only  5  200  lb; 

the  rods  must  support  a  larger  washer  at  the  bottom,  they  are  made 
ia  dtameter,  not  upset.  The  tension  in  each  of  the  beams  B  is  45  065  lb. 
divided  by  i  200,  the  safe  unit  tensional  stress  for  long-leaf  yellow  pine 
rj6  sq  in,  or  about  294  by  14  in. 

total  breadth  of  the  tie-beam  to  resist  the  transverse  load  is  found  from 
(25).    Assuming  14  in  for  the  depth  of  B 


Breadth  of  B 


31  200X13 
6X196X67 


5.15  in,  or  about  2H  in  for  each  beam 


breadth  of  each  tie-beam  must  therefore  be  2^  in  -)-  2M  in  -  sH  in. 
the  tie-beams  must  be  s  by  14  in  in  section.  The  girder,  therefore,  must 
with  10  by  X4-in  strut-beams  and  two  5  by  14-in  tie-i3eams,  each  42  ft 
The  x-in  rods  may  be  cut  H  in  into  the  strut-beams,  and  H  in  into  the  tie- 
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beamSp  so  that  the  latter  will  come  close  against  the  stmts  5.  The  tfarm 
the  stmt  S  is  equal  to  its  compressive  stress,  and  a  connection  between  the 
beams  and  the  stmts  must  be  designed  that  will  resist  this  thrust,  which  in 
case  is  90  700  lb.  As  the  inclination  of  the  stmt  is  very  slight,  there  is  an 
room  for  bolts.  It  is  best  to  use  bolts  which  are  at  least  iH  in  in  dianu 
As  th^  are  in  double  shear,  the  resistance  to  shearing  of  one  bolt  is  35  3M 
(See  Table  IX,  page  431.)    Steel  bolts  are  used. 

The  bearing  area  of  a  iVi-in  bolt  in  a  timber  10  in  wide  is  15  in.  For 
bearing  resistance  of  long-leaf  yellow  pine,  we  may  allow  1 400  lb  per  s 
(Table  XVI,  page  647),  which  will  give  21  oco  lb  as  the  bearing  reststianc 
one  I  H-in  steel  bolt.  As  the  force  to  be  resisted  is  90  700  lb,  it  will  req 
five  iH-in  steel  bolts  to  sustain  this  bearing  pressure,  the  resistance  to  shea 
being  greater  than  this  stress. 

The  number  of  bolts  required  to  resist  the  bending  moment  must  nai 
determined.  The  total  bending  moment  to  be  resisted  (see  page  434*  CI 
ter  XII)  »  90  7CO  times  the  distance,  in  inches,  between  the  centers  o€  the 
beams  divided  by  12,  or  90  700  X  *%»  -  113  37s  in-lb. 

From  Table  IX,  page  431,  we  find  that  the  mazimmn  bending  dkui: 
at  a  fiber-stress  of  20000  lb  per  sq  in,  for  a  i^-in  steel  bolt  is  6  630  ii 
Hence  it  will  require  seventeen  zH-in.  bolts  to  resist  the  thrust  in  S  wit] 
bending  the  bolts.  As  it  Is  impracticable  to  put  in  so  many  bolts,  larger 
must  be  used.  For  a  2H-in  steel  bolt,  the  maximum  bending  tnomei 
30700  in-lb  (Table  IX,  page  431),  and  four  times  this  is  122  Soo  ii 
hence  four  2^-in  steel  bolts  will  be  sufficient  to  resist  the  bending  stvesa» 
Also  the  shearing  and  bearing-stresses.  It  will  be  seen  from  this  example 
it  is  much  more  difficult  and  expensive  to  make  satisfactory  end-jointf 
girders  trussed  as  in  Figs.  7  and  9  than  it  is  for  the  single  and  double-i 
tmsses  like  those  shown  in  Figs.  6  and  8.  The  latter  forms  are  to  be  prefc 
when  the  conditions  will  admit  of  their  use. 

These  four  cases  of  trussed  girders  are  but  special  examples  of  tru 
The  stresses  in  them  may  also  be  determined  by  the  methods  explaine 
Chapter  XXVII;   and  where  the  divisions  of  the  girder  cannot  be  made 
form,  the  stresses  should  be  computed  by  the  general  methods  there  ezplai 
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!  CHAPTER  XVm 

STIFFNESS  AND  DEFLECTION  OF  BEAMS 

By 
CHARLES  P.  WARREN 

:     lAXE  ASSISTANT  PROFESSOR  OF  ARCHITECTURE,  COLUMBIA  UNIVERSITY 

I  1.  General  Principles  of  the  Deflection  o£  Beams* 

Streofth  and  Stiffness.  In  many  structures  it  is  necessary  that  beams  and 
Mas  shall  be  not  only  strong  enough  but  stiff  enough;  that  is,  not  only 
^  2CPTURE  be  prevented,  but  the  beams  must  not  bend  so  much  as  to  ap- 
^  nniigfatly ,  or  to  crack  the  ceifing.  Therefore,  in  many  cases,  deflection, 
f&et  than  absolute  strength,  may  become  the  governing  consideration  in 
iirnntning  the  size  of  a  beam.  Unfortunately,  there  is  no  method  at  present 
Iccabtning  the  two  calculations  for  strength  and  for  stiffness  in  one.  A 
properly  proportioned  for  strength  will  not  bend  enough  to  stress  the 
be>x»id  the  elastic  limit,  but  it  may  in  some  cases  bend  more  than  a 
regard  for  appearances  will  justify.  The  distance  that  a  beam  bends 
a  given  load  is  called  its  deflection,  and  its  resistance  to  deflection  is 

its  SUFFMESS. 

}k  General  Formnla  for  the  Maxinittm  Deflection  of  any  beam  under  a 
ttrited  or  uniformly  distributed  load  not  stressed  beyond  the  elastic 
is: 


.    .  load  in  pounds  X  cube  of  span  in  inches  X  c  .  . 

^^  modulus  of  elasticity  X  moment  of  inertia 

Hie  values  of  c  are  as  follows: 

For  beam  supported  at  both  ends,  loaded  at  the  middle 0.021 

For  beam  supported  at  both  ends,  uniformly  loaded 0.0x3 

For  cantilever  beam,  loaded  at  free  end 0.333 

For  cantilever  beam,  unifonnly  loaded o.  125 

B'  "^  '     'on  of  Beam  with  Rectangular  Section.    By  making  the  proper 
ns  in  Formula  (i),  the  following  formula  for  a  rectangular  beam 
AT  BOTH  ENDS  and  LOADED  AT  THE  MIDDLE  may  be  derived: 

^  _     .      ...  load  in  pounds  X  cube  of  span  in  feet  X  i  728         .  . 

Dc&ction  m  mches  •-  = 7— r — 7- — — — (2) 

4  X  breadth  X  cube  of  depth  X  E 

Hodolns  of  Elastidty.    From  this  formula  the  value  of  the  modulus  of 
l',  £,  for  di£ferent  materials,  has  been  calculated  by  accurately  measur- 
the  actual  deflection  of  known  beams  under  given  loads  applied  at  the 
aod  then  substituting  these  known  quantities  in  Formula  (2). 

Sfasple  Formula  for  Deflection.    Formula  (2)  may  be  simplified  some- 
Iktt  by  representing  i  728/4JS  by  i/F,  which  gives  the  formula 


WxP 
Deflection  in  inches  =•  ;     -r — --,  (3) 


'  a  distributed  load  the  deflection  will  be  five-eighths  of  this. 

*  See.  abo.  in  Chapter  XVI,  formula  on  page  636  and  Table  XVI,  page  64>7- 

,t  IIk  oooauat  F  corre^wuds  to  Hatfield's  F,  ia  hU  Creatine  oa  "Traosverae  Strains.'* 
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To  Find  the  Load  at  the  Middle  that  will  cause  a  given  deflecti 
transpose  Formula  (2)  so  that  the  load  becomes  the  left-hand  member  of 
equation.    Thus: 

Load  at  middle     4  X  breadth  X  cube  of  depth  X  deflection  in  in  X  J5 
in  pounds  cube  of  span  X  i  7*8 

Limit  of  Deflection.    In  order  that  this  formula  may  be  of  use  in  dc 
mining  the  maximum  load  which  may  be  placed  upon  a  beam,  the  umtt  of 
DEFLECTION  must  in  some  way  be  fixed.    This  is  generally  done  by  making 
certain  proportion  of  the  span. 

Allowable  Deflection  of  Floor-Beams.    Tredgold  and  other  authori 
state  that  if  a  floor-beam  deflects  more  than  one-fortieth  of  an  inch 
EVERY  foot  of  SPAN,  it  is  liable  to  crack  the  ceiling  on  the  under  side;  and  h< 
this  is  the  limit  which  is  often  set  for  the  deflection  of  beams  in  first-c 
buildings. 

Formulas  for  Deflection  of  Floor-Beams.    If  the  length  in  feet  divi 
by  40  is  substituted  for  the  deflection  in  inches.  Formula  (4)  becomes 

breadth  X  cube  of  depth  X  $ 


Load  at  the  middle  ■■ 


square  of  span  in  feet 


in  which  e  ■■ — - 

17  280 

Most  engineers  and  architects,  however,  think  that  one-thirtieth  01 
INCH  PER  foot  of  SPAN,  that  is,  Vieo  of  the  span,  is  not  too  much  to  allov 
the  deflection  of  floor-beams,  as  a  floor  is  seldom  subjected  to  its  fuU  estim 
load,  and  then  only  for  a  short  time^ 

Table  I.    Values  of  Constants  for  Stiflfness  or  Defection  on  Beams* 


Material 


Cast  iron 

Wrought  iron 

Steel 

Ash 

California  redwood. . . 

Cedar 

Chestnut 

Cypress 

Douglas  fir 

Hemlock 

Long-leaf  yellow  pine. 

Maple 

Norway  pine 

Short-leaf  yellow  pine 

Spruce 

White  oak 

White  pine 


£t 

4.U 

E 

172SC 

I 

ex" 

12  4 

15000000 

3472a 

862 

..57 

36  000  000 

60000 

I  500 

3  000 

29  000  000 

67  130 

1678 

2238 

I  482000 

3430 

87 

114 

700000 

I  6ao 

40 

54 

700000 

X  620 

40 

54 

900  000 

2080 

52 

69 

900  003 

2  oSo 

52 

69 

I  500000 

3  47« 

87 

X16 

900000 

2  OSo 

53 

69 

I  500  000 

3472 

87 

X16 

I  gojooo 

4400 

no 

146 

I  100  000 

2546 

64 

85 

I  200000 

2777 

69 

92 

I  200000 

2  7n 

69 

92 

I  500  000 

3472 

87 

116 

I  000000 

231S 

58 

77 

£  —  modulus  of  elasticity,  pounds  per  square  inch;  seasoned  timber; 
F  "■  constant  for  deflection  of  beam,  supported  at  both  ends,  loaded  at  midd 
e  •  constant,  allowing  a  deflection  of  one-fortieth  of  an  inch  per  foot  of  spai 
e\  «  constant,  allowing  a  deflection  of  one-thirtieth  of  an  inch  per  foot  of  spa 

^  See,  also,  in  Chapter  XVI  formula  on  page  636,  and  Table  XVI,  page  647. 

•i  See  Notes,  page  6371  regarding  reductions  in  value  for  £,  for  unseasoned  tixnb 
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Itfais latio  is  adopted,  the  coMSZAm  vos  oeilection  becomes 

E 

ei- T- 

12960 

^CftBttints  for  StiffneM  or  Deflection  of  Beams.    In  either  of  the  above 

it  13  evident  that  the  values  used  for  E,  F,  e^  or  «i,  should  be  derived  from 

MB  oa  timbers  of  the  same  size  and  quality  as  those  to  be  used.    The  values. 

■  the  various  woods  given  in  the  preceding  table  have  been  adopted  by  the 

)fton  after  careful  comparison  with  the  results  of  numerous  tests  on  large 

Ihbcrs  aiMi  with  values  given  by  diflferent  authorities.    The  editors  believe 

||K  they  are  perfectly  reliable  for  first-class,  seasoned,  merchantable  timber. 

I 

,    t  Formulas  for  Loads,  Based  Upon  the  Stiffness  of  Beams 

hSife  Loads  for  Limited  Deflections  for  Roctangulsr  Beanu.  Knowing 
lededection  caused  by  a  load  concentrated  at  the  middle  of  a  beam,  and  the 
ipDo  OF  oiHER  DEFUicnoNS,  caused  by  different  modes  of  loading  and  support- 
It  focmulas  for  Cases  I  to  VIII,  Figs.  1  to  8,  considered  under  the  strength  of 
linukCULAR  BEAMS  (Chapter  X\T),  can  be  easily  deduced.  These  cases,  ar-> 
|pigd  in  a  different  order,  are: 

I 

i  For  Beams  Supported  at  Both  Ends* 

iMd  at  the  middle 

'  «  i.   .     J     breadth  X  cube  of  depth  X  ft 

i  Safe  load ; (6) 

square  of  span 


\ 


^       ,  ,        load  X  square  of  span  .  ^ 

Breadth  ■■  — 7-  ~7~^ — ;: (7) 

cube  of  depth  x  ei 

bad  It  a  point  otiier  than  at  the  middle,  m  and  n  being  Uie  segmenta  into 

mtk  the  beam  is  divided 

^  ,    ,      .      breadth  X  cube  of  depth  X  square  of  span  x  e\ 

\  Safe  load  -  -i — -7 — (8) 

'  i6X»»»X»« 

'  «      J  ,.  loadX«'Xn«Xi6  ,  . 

Breadth   -  — r — r^j — r ; (9) 

,  cube  of  depth  X  square  of  span  X  ei 

Utd  oaiformly  distributed 

«  *   .     J     8  X  breadth  X  cube  of  depth  X  ft  ,    .^ 

Safe  load  » (10)  t 

5  X  square  of  span 

«      j.L       S  X  load  X  square  of  span  ,    . 

Breadth   -  — 7-; — r (11) 

8  X  cube  of  depth  X  ft 

'  JwisLifl  beam,  loaded  at  the  middle  t 

^  ,   ,     ,  breadth  x  cube  of  depth  X  ft  ,    . 

Safe  load  — ■ — ~  Cia) 

span  X  horizontal  distance  between  supports 

^       .  ,        load  X  span  X  horizontal  distance  between  supports         ,    . 

Breadth =-- r — r^ — r (13) 

I  cube  of  depth  X  ft 

*  la  Fonnulas  (6)  to  (17)  the  breadth  and  depth  are  to  be  taken  in  inches,  and  the 
S|tb  or  qjon  in  feet.    The  load  is  always  in  pounds. 

The  valnei  given  in  either  of  the  last  two  columns  of  Table  I  may  be  used  for  e  or  «i, 
itnuHii^  to  the  degree  of  stiffness  desired,  but  the  values  ex  in  the  last  column  are 
Sple  oader  ordinary  conditions. 
:  t  See.  abo,  formula  in  Chapter  XVI,  page  636. 
X  Tiedsold's  Dements  of  Carpentrjr.  pa^  6$. 
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For  Beams  Fixed  at  One  Bnd,  or  CantfleTer  Beams 

Load  at  the  free  end 

_  ,   ,     ,     breadth  X  cube  of  depth  X  ei 

Safe  load  — ; i 

i6  X  square  of  spaa 

or, 

T»      j.t-       i6  X  load  X  square  of  span  . 

Breadth r — t"! — it: ' 

cube  of  depth  X  ei 

Load  uniformly  distributed 

_  ,   ,     -      breadth  X  cube  of  depth  X  ft 

Safe  load ; ( 

6  X  SQuare  of  span 

or, 

^       ,  .         6  X  load  X  square  of  span 

Breadth  ■  ■■  { 

cube  of  depth  X  ei 

Note.  When  the  span  in  feet  is  less  than  the  depth  in  inches,  the  bei 
should  not  be  calculated  by  the  formulas  for  stiffness,  but  by  those  for  B( 
ZONIAL  SHEAR.    (See  Chapter  XVI,  page  635.) 

3.  RelatiTe  Stiffness  of  Beams 

Beam  supported  at  both  ends  and  loaded  at  the  middle i 

Beam  supported  at  both  ends  and  uniformly  loaded 9i 

Beam  fixed  or  restrained  at  both  ends  and  loaded  at  the  middle. . .  4 

Beam  fixed  or  restrained  at  both  ends  and  uniformly  loaded 8 

Cantilever  beam  loaded  at  the  free  end H 

Cantilever  beam  uniformly  loaded H 

The  Stiffest  Rectangular  Beam  containing  a  given  amount  of  materia 
that  in  which  the  ratio  of  depth  to  breadth  is  as  10  is  to  6;  hence,  in  desigi 
beams,  the  depth  and  breadth  should  be  made  to  approach  as  near  this  rati< 
is  practicable. 

Esample  z.  What  is  the  greatest  distributed  load  that  an  8  by  10  in  wh 
pine  girder,  20  ft  in  span,  will  support,  without  deflecting  at  the  center  n 
than  one-thittieth  of  an  inch  per  foot  of  span? 

Solution.  This  girder  comes  under  the  case  of  a  beam  supported  at  h 
ends  and  loaded  with  a  uniformly  distributed  load,  and  hence  should  be  ca! 
lated  by  Formula  (xo).    Substituting  the  given  dimensions  in  Formula  ( 

c  f   1     1      8X8X1000X77  -    » 

Safe  load  « 2  404  lb 

SX400 

Bxample  a.  What  should  be  the  dimensions  of  a  long-leaf  yellow-pine  be 
10  ft  in  span,  to  support  a  concentrated  load  of  4  250  lb  at  the  middle  with 
deflecting  more  than  one-third  of  an  inch  at  the  center? 

Solution.  A  deflection  of  one-third  of  an  inch  in  a  span  of  10  ft  is  in  the  ] 
portion  of  one-thirtieth  of  an  inch  per  foot  of  span;  and  as  the  load  is  coot 
trated  at  the  middle,  Formula  (7)  should  be  used,  with  ft,  the  value  given  in 
fourth  column  opposite  long-leaf  yellow  pine. 

Formula  (7)  gives  the  dimensions  of  the  breadth,  but  in  order  to  obtain 
a  value  for  the  depth  must  first  be  assumed.  For  such  a  short  span,  10  inc 
would  seem  to  be  a  proper  depth. 

Substituting  in  Formula  (7 J 

T»       j^u       4  250  X  100  _  . 

Breadth  ■■  ^^-^ -  3.6  m 

1 000X116 
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Heooe  it  will  be  neceasaiy  to  use  a  4  by  io>in  beam.  As  the  span  of  this 
fctBa  in  feet  is  the  same  as  its  depth  in  inches*  it  should  be  tested  to  see  if  it 
metis  the  requirements  for  stiength  also.  From  Table  XII,  page  643,  it 
pifaoad  that  the  safe  distributed  load  for  a  i  by  lo-in  beam,  10  ft  in  span,  is 
1333  lb,  and  lor  a  4  by  lo-in  beam  the  safe  load  would  be  four  times  as  much, 
V  5  33a  lb.  The  load  in  this  example,  however,  is  applied  at  the  middle; 
Ince  the  safe  distributed  load  must  be  divided  by  2,  which  gives  2  666  lb  for 
«  safe  load  at  the  middle.  As  this  is  much  less  than  the  load  to  be  carried, 
lit  sit  €i  the  beam  should  be  increased  to  4  by  16  in.  In  general  it  is  not  safe 
Id  use  the  formulas  for  stiffness  when  the  span  in  feet  does  not  exceed  the 
Iftpthin  inches. 

Smitple  3.  What  is  the  largest  load  that  an  inclined  spruce  beam  8  by  12  in 
&  ooas-section  and  16  ft  in  length  between  the  supports  will  carry  at  the 
Ibidle,  consistent  with  stiffness,  the  horizontal  distance  between  the  supports 
fedog  14  ft? 

^Sfliofion.  Formula  (12)  is  the  one  to  be  used  in  this  case.  Assimung  the 
Ifeit  of  deflection  at  one-thirtieth  of  an  inch  per  foot  of  span,  the  value  of  ei 
k  ficMind  opposite  spruce  in  the  last  column  of  Table  I.  Malcing  the  proper 
■i^j^tutioas, 

o  r   1    J     8X1728X92        -  oil- 
Safe  load T- ^  -  S  678  lb 

16X14 

4.   Cylindrical  Beams 

Yoromlas.  The  formulas  for  beams  with  square  cross-sections  may  be 
for  beams  with  circular  cross-sections,  if  1.7  X  «  is  substituted  for  e. 
3^  13^  other  conditions  being  equal,  a  cylindrical  beam  bends  or  de6ects 
|l7  times  as  much  as  a  beam  the  cross-section  of  which  is  the  square  clrcum- 
Nnbiog  the  circular  cross-section  of  the  cylindrical  beam. 

S.  Safe  Loads  for  Wooden  Beams  for  a  Given  Deflection 

\TSwt  of  Tables  and  Formulas.  Tables  VII  to  XV,  inclusive,  pages  638  to 
mfi,  giving  the  sate  loads  for  beams,  give,  also,  the  maximum  loads  for  beams, 
s  ia  tbick,  that  will  cause  a  deflection  not  exceeding  ^i«o  of  the  span,  that  is, 
Pli  n  per  foot  of  span.  Where  two  loads  are  given  for  any  span  or  depth  the 
^per  load  is  calculated  for  strength  and  the  lower  load  for  deflection. 
pfaoe  one  load  is  given  the  calculation  is  for  strength,  as  the  calculation  for 
■Section  in  those  particular  beams  would  give  an  excessive  load  (Example  2). 
Bb  61^  the  corresponding  load  for  any  thickness,  multiply  the  load  given  in 
Ihe  table  by  the  breadth  of  the  beam  in  inches.  Sujqx>se,  for  example,  that  it 
pRqaiied  to  find  the  greatest  distributed  load  that  an  8  by  xo-in  white-pine 
jNer,  30  ft  in  span«  will  support,  without  deflecting  at  the  center  more  than 
h  of  an  inch  per  foot  of  span.  Referring  to  Table  VIII,  page  639, 
the  safe  loads  in  pounds  for  white-pine  beams,  two  values  are  found 

te  the  20-ft  span,  389  and  308,  the  latter  being  the  safe  load  for  deflection. 

sale  kttd,  therefore,  for  an  8  by  lo-in  girder  will  be  eight  times,  or 
,  X  8 «  2  464  lb,  which  agrees  with  the  safe  load  for  the  same  girder  calcu- 
ptBd  for  deflection  by  Formula  xo,  Example  i. 

f .  Nominal  and  Standard  Sizes  of  Wooden  Beams 

CoBvereion  Fncto^  for  Wooden  Beams  of  Standard  Size.  Table  II 
m!f  be  used  for  beams  that  measure  less  than  the  nominal  dimensions. 
llfeEssxD  BEAMS,  and  in  many  localities  floor-joists  carried  in  stock,  are  more 
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or  leu  SCANT  of  the  nominal  dimensions,  and  for  such  joists  a  reducticm  in  t 
safe  load  most  be  made  to  correspond  to  the  reduction  in  size.  The  DREsm 
SIZES  are  generally  H  in  scant  up  to  4  in  in  breadth,  above  which  they  are  V^ 
scant;  while  in  depth  they  are  all  generally  Vi  in  less  than  the  voional  sizi 
The  safe  loads  may  be  obtained  by  multiplying  the  safe  loads  as  giveoi 
Tables  VII  to  XV,  pages  638  to  646,  by  the  factors  given  in  the  loUowt 
table: 

Table  IL    Coavernon  Factors  for  Beams  of  Commercial  or  Staodafd  Size« 


Cro0ft«ections 

Cross-sections 

of  beams  in 

Factors 

of  beams  in 

Factors 

inches 

inches 

iHxsVi 

X.47 

mxiiVi 

1. 61 

2f<XsV6 

2.31 

2^4X11^^ 

2  S3 

iHx6\i 

X.St 

mxnM 

163 

29<X6Vi 

a.sr 

2aixi3V6 

256 

1HX7M 

X.S4 

1^4X15^4 

i.6s 

2^iX7H 

a. 43 

294X154 

2  S8 

i?4X9V6 

1.58 

l94XI7V'i 

1. 6s 

2Hx9Vi 

2.48 

2?iXl74 

2.60 

Bnmple  4.  What  is  the  safe  load  for  a  2H  by  ijH-in  spruce  beam,  18 
span? 

Solation.  From  Table  VITI,  page  639,  the  safe  load  for  a  1  by  14-m  bes 
is  847  lb.  Multiplying  this  by  2.56  the  product  is  2  168  lb,  the  safe  distribul 
load  for  a  beam  2^4  by  13 V4  in  in  cross-section.  For  a  full,  "nominal"  si 
3  by  14-in,  the  safe  load  would  be  2  541  lb. 


7.  Deflection  of  Steel  Beams 

Genera!  Formula.    The  deflection  of  any  steel  beam  may  be  found 
means  of  Formula  (1),  page  663. 

Example  5.  It  is  required  to  determine  the  deflection  of  a  12-in  31.& 
beam,  20  ft  in  span,  under  its  maximum  uniformly  distributed  load 
9.59  tons. 

Solation.  The  load  in  pounds  ^  9.59  tonsX  2  000  -^  19  180  lb:  the  span 
inches-  20  ftx  12  —  240  in;  c,  for  a  beam  supported  at  both  ends  and  11 
formly  loaded,  from  the  values  given  under  Formula  (i),  is  0.013;  fi»  for  sted 
29  000  000  lb  per  sq  in  (Table  I,  page  664) ;  and  the  moment  of  inertia,  fn 
the  properties  of  steel  I  beams,  page  355>  is  215.8.  Substituting  these  vali 
in  Formula  (1),  page  663, 


Deflection  in  inches 


19  180  X  240*  X  0.013 
29  000  000  X  215.8 


0.551  m 


The  allowable  deflection  is  V^o  of  an  inch  per  foot  of  span,  or  ^^^  *-  0.&66  ia 

Coefllcients  of  Deflection.  In  order  to  save  the  time  required  to  use  1 
DEFLEcnoN-FORuuLA,  COEFFICIENTS  OF  DEFLECTION  have  been  Worked  out  1 
lUfierent  spans  and  are  given  in  Table  III. 
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UUt  m.    CodBdanti  o<  Ocflectba  lor  Uatfonilir  Distfibiitod  Loads* 

Piber-etress.  pounds  per 

Pibei^Btrass.  pounds  per       | 

opmtn 

square  inch 

Span  in 
feet 

square  inch 

\ 

l6  IMJO 

14  000 

12500 

16  000 

14  000 

12500 

0.017 

0.014 

0.013 

26 

II. 189 

9.790 

8.741 

0.066 

0.058 

0.052 

27 

X3.066 

10. 558 

9.427 

1       3 

O.I49 

0.130 

0.II6 

28 

12.977 

11.354 

ZO.I38 

0.26s 

0.232 

0.207 

29 

13.920 

12.180 

10.875 

0.414 

0.562 

0.323 

30 

14.897 

13.034 

11. 638 

0.596 

0.521 

0.466 

31 

IS.906 

13.918 

12.427 

0.811 

0.710 

0.634 

32 

16.949 

14  830 

13.241 

1.059 

0.927 

0.828 

33 

18.025 

IS. 77a 

14.062 

9 

x-341 

1.173 

1.047 

34 

19.134 

16.742 

14.948 

1        w 

1.^55 

1.448 

1.293 

35 

20.276 

17.741 

15.841 

n 

a. 003 

1.752 

1.565 

36 

21.451 

18.770 

16.759 

12 

2.383 

2.066 

1.862 

37 

22.659 

19.827 

17.703 

ij 

a. 797 

2.448 

2.185 

38 

23901 

20. 913 

18.672 

M 

3.244 

2.839 

2.534 

39 

25.175 

22.028 

19.666 

IS 

3.724 

3259 

2.909 

40 

26.483 

23.172 

20.690 

i6 

4-237 

3708 

3.310 

4X 

27.823 

24.346 

21.737 

n 

4.7«3 

4.186 

3  737 

42 

29  197 

25.548 

22.810 

x8 

5.363 

4  692 

4.190 

43 

30.604 

26.779 

23909 

19 

5975 

5.228 

4.668 

44 

31. 954 

28.039 

25.034 

ao 

6.621 

5.793 

.    5.172 

45  . 

33.517 

29.328 

26.185 

a 

7.299 

6.387 

5. 703 

46 

35-023 

30.646 

27.362 

22 

8. Oil 

7.010 

6.259 

47 

36.562 

31  992 

28  565 

Q 

8.756 

7.661 

6.841 

48 

38.135 

33.368 

29  793 

24 

9- 534 

8.342 

7.448 

49 

39.741 

34.773 

31.047 

25 

10.345 

1 

9052 

8.082 

50 

41.379 

36.207 

32.328 

^       "Taken  fay  penniasioD  from  Pocket  Compankm,  Carnegie  Steel  Company. 

To  find  the  deflection  in  inches  of  a  section  symmetrical  about  the  neutral 
kB.  such  as  the  section  of  an  I  beam,  channel,  zee,  etc.,  divide  the  coefficient 
fcrifcf  table  oone^XHiding  to  the  given  span  and  fiber-stress  by  the  depth  of  the 
iKtioQ  m  inches.  To  find  the  deflection  in  inches  of  a  section  not  symmetrical 
pout  THE  NEUTRAL  AXIS,  such  as  the  section  of  an  angle,  tee,  etc.,  divide  tlie 
^flfc|L|ii»  corresponding  to  the  given  span  and  fiber-stress  by  twice  the  distance 

ftheestrane  fiber  from  the  neutral  axis,  obtained  from  the  tables  of  Chapter  X. 
i  find  the  deflection  in  inches  of  a  section  for  any  other  fiber -stress  than 
Pe  6ber-strc96cs  given,  multiply  this  fiber-stress  by  any  of  the  coefficients  in 
VUbkin,  for  the  given  span,  and  divide  by  the  fiber-stress  corresponding  to  the 


6.    Required  the  deflection  of  a  lo-in  25-lb  beam  of  lo-ft  span,  under 
k  iMTimtim  distributed  load  of  13  tons,  the  fiber-stress  being  taken  at  16  000  lb 
sq  in.    Table  III  gives  1.655  as  the  deflection-coefficient,  and  dividing  this 
10,  the  depth  of  the  beam  in  inches,  the  result  is  1.655/10-0.1655,  for 
deflection  at  the  middle.    By  Formula  (1),  page  663,  the  deflection  for 

,  ,     ,      26  000  X  1  728  000  X  0.013  - 

same  besm.  span,  and  load — '  ■■  0.1649   in. 

»»«  uoujj,  oF>.<,  29  000  000  X  1 22.1 


the 
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t 
two  restiks  being  neariy  identical.    For  the  same  beam,  a  spaa  of  x8  ft  and 
load  of  7.2  tons,  the  d^ection  by  the  table  is  0.5363  in;  and  by  Fonnula  (i 
0.5328  in,  pcacticaliy  the  same  result. 

Safe  Loads  and  Deflection.  In  the  tables  of  Chapter  XV,  giving  the  m 
loads  for  I  beams,  channels  and  rolled  beams  of  other  cross-sections,  the  loa 
given  are  for  the  safe  uurr  or  deflection;  and  the  safe  loads,  also,  are  giv< 
which  will  cause  deflections  of  more  than  Viao  of  the  span-length  in  inches. 

Lateral  Deflection  of  Beams.  When  the  unbraced  length  exceeds  t 
times  the  width,  the  tabular  safe  loads  should  be  reduced  in  accordance  wi 
the  ratios  given  in  the  following  table  in  order  to  insure  that  the  stresses  in  t 
compression-flanges  should  not  exceed  the  allowed  safe  unit  stress: 


Length  of  span 


S  X  flange-width 
zo  X  flange-width 
15  X  flange-width 
20  X  flange-width 


Allowable  safe  load 


PuH  tabular  load 
Full  tabular  load 
90.6%  tabular  lobd 
81.2%  tabular  load 


Length  of  span 


25  X  flange-width 
30  X  flange-width 
35  X  flange-width 
40  X  flange-width 


Allowable  safe  loe 


71.9%  tabular  1< 
62.5^0  tabular  loa 
53.1%  tabular  loa 
43*8%  tabular  loa 


"  In  addition  to  this  lateral  deflection  which  is  induced  within  the  beam 
the  action  of  pure  bending-stresses,  lateral  deflection  may  be  induced  by  1 
thrust  of  floor-arches  or  other  loading  acting  on  an  axis  perpendicular  to  1 
line  of  principal  bending-stress.    The  thrust  of  these  arches  should  either 
neutralized  by  tie-rods,  or  the  safe  carrying  capacity  of  the  beam  should 
computed  in  accordance  with  the  general  formulas  of  flexure  to  provide 
the  combined  stresses  due  to  the  action  of  both  vertical  and  horixontal  fore 
that  is  to  say,  the  safe  loads  should  be  figured  around  both  the  axes  i-i  a 
a-2,  and  the  unit  stress  computed  so  as  not  to  exceed  16  000  lb  per  sq  in." 


8.  Graphical  Determination  of  Deflection  of  Beams 


The  Deflection  of  a  Beam  with  parallel  flanges  and  constant  moment 
inertia  may  be  deteriomeo  graphically.    The  deflected  form  is  idcnti 

with  the  bending-moment  curve  for  1 

beam  with  a  load  distribnted  in  a  fo 

similar  to  that  of  the   bending-mooM 

diagram.    Fig.  1  is  a  beam  of  length  I.. 

The     moment-curve    due   to  loada 

ABC  is   the   deflection-curve    due 

concentrated   load   P.     The   deflectii 

curve  is  obtained  graphically  by  drv 

ing  area  ABC  into    thin    vertical  stx- 

and  constructing  force  and  equilibria 

polygons  (page  296).    If  a  pole-distsa 

be    chosen    bearing   a   convenient  ra 

to  £/  (£  is  the  Modulus   of  Elastic 

O  of  the  material  and  /  the  Momeckft 

Fig.  1.  Moment  and  Defiection-diiigrains    Inertia  of  the  cross-section  of  the  beai 

of  Beam  Loaded  at  the  Middk  the  deflection  at  any  point  of  the 

will  have  the  same  ratio  to  the 
ordinate  at  that  point  of  the  equilibrium-polygon. 
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Supporting-Foroes  or  Reactions  of  Continuous  Girders 


CHAPTER  XDC 

flflEENGTH  AND  STIFFNESS  OF  CONTENlfOUS 

GIEDEBS 

BY 

CHARLES  P.  WARREN 

UTE  ASSISTAMT  PROPBS90K  OT  AKCHITECTUSE,  COLUICBIA  UNTVERSITY 

t»  General  Conslderationa 

Cfeotiniioas  Versus  Single-Span  Girders.  A  continuous  girdek  is  one 
iihg  upon  three  or  more  supports^  as  distinguished  from  a  siicple  gikder 
lidi  rests  upon  two  supports.  Continuous  girders,  except  in  reinforced-con- 
put  construction,  and  in  some  types  of  grillage-foundations,  are  of  rare  occur- 
be  in  buildins^-constructioa.  While  in  almost  every  building  of  importance 
I  necessary  to  employ  girders  resting  upon  piers  or  columns,  placed  from  15 
30  ft  apart,  and  while  in  many  cases  steel  girders  could  conveniently  be  ob- 
which  would  span  two  and  even  three  of  the  bays  between  the  supports, 
are  practically  limited  to  one-story  buildings,  because  in  tall  buildings  it  is 
cooitruction  to  have  the  vertical  rather  than  the  horizontal  supports 
nous.  Many  different  opinions  are  held  as  to  the  relatfve  strength 
H  snrrNESS  of  continuous  and  non-continuous  girders,  and  different  formulas 
^  been  proposed  from  time  to  time;  but  in  this  chapter  the  mathematical 
^bBsioas  will  not  be  given.* 

CoBtinuoas    Girders  and   Overhanging   Girders.    In   all  continuous 
the  end-spans  (Fig.  2)  are  somewhat  in  the  condition  of  a  simple 
with  OKE  ovxRHANCiNG  END,  while  the  other  spans  are  somewhat  in 
coodxtioa  of  a  simple  girder  with  two  overhanging  ends.    At  each  inter- 
support  there  is  a  negative  bending  moment,  the  effect  of  which 
reduce  the  bending  moments  between  the  supports. 

2.  8iin>orting  Forces  or  Reactions  of  Continnons  Girders 

vs  Girder  of  Two  Sqnal  Spans.    Concentrated  Load  at  the 
of  Saeh  Span.    If  a  girder  of  two  spans,  each  equal  to  /  (Fig.  1),  be 
at  the  middle  of  the  left  span  with  P  lb,  and  at  the  middle  of  the  right 
with  Fi  lb,  the  reaction  at  the  support  Ri  is  determined  by  the  formula 

^l  -  — - —  (l) 

32 
rieution  at  the  support  Rt  by 

I 

Rt'maiP  +  Pi)  (2) 

pthe  reaction  at  the  support  Rt  by  the  formula 

[  13 Pi- 3 P  .  . 

k  ^ — i;—  (^> 

P  Far  Che  derivation  of  the  foDowing  formulas,  see  an  artide  by  F.  E.  Kidder  on  this 
la  Van  Nostrand's  Eogtaeeriag  Magaaae,  July,  z88i. 


r 
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If  P  -  P\,  then  each  of  the  end-supports  must  support  M«  P  and  the  m 
support  s^a  P.  If  the  girder  is  cut  so  as  to  make  two  girders  of  one  1 
ttUdtk,  then  the  end-supports  will  carry  H  P  or  M«  P,  and  the  middle  tm^ 

iM«  P.    Hence,  it  is  seen  that  by  t 
the  continuous  girder  of  three  s 
reactions  oC  the  end-supports  are  < 
ished,  while  the  reaction  at  the 
support  is  increased. 

Continiioiis  Girder  of  Two  8| 
Untfonnly  I>iatribat«l  Load  Orar  1 
Spaa  (Fig.  1).  Load  over  each  span  equals  w  lb  per  unit  of  length.  ] 
be  the  length  of  the  left  span  and  /i  the  length  of  the  right  span.  Reactk 
left  Support 

/!»  +  /» 


R,  R«  **• 

Fig.  1.    Continuous  Girder  of  Two  Spans 


Reaction  of  middle  support, 

^i-w(/  +  /i)-l?i-J2i 
Reaction  of  right  support 

When  both  spans  are  equal  to  /,  the  reaction  of  each  end-support  is  H  «^ 
of  the  middle  support  94  wl;  hence  the  girder,  by  being  continuous,  reduce 
reactions  of  the  end-supports,  and  increases  that  of  the  middle  support  \ 

2S%. 

Coatinaoas  Girder  of  Three  Bqual  Spans.    Conca&trated  Load  of  P  Povb 
tiie  Middle  of  Each  Span  (Fig.t). 

Reaction  of  either  abutment 

Reaction  of  either  middle  support 

or  the  reactions  of  the  two  end-supports  are  Mo  less»  and  those  o( 
two  middle  supports  Ho         a  o 

greater  than  they  would 
have  been  had  three 
separate  girders  of  the 
same  cross-section  been 
used,  instead  of  one  con- 
tinuous girder. 

Coatfamoiis  Girder  of  Three  Bqual  Spans.    Uniformly  Distributed  Load 
Bach  Span  (Fig.S).    The  load  per  unit  of  length  is  w  lb. 
Reaction  of  either  end-support 

Reaction  of  either  middle  support 

Hence  the  reactions  of  the  end-supports  are  H  less,  and  of  the  middle  sq 
Mo  more,  than  if  the  girder  were  not  continuous. 


Fig.  2.    Continuous  Girder  of  Three  Spans 
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S.   Bending  Moments  <tt  Continuous  Girders 

ihimUt  of  Coatfamoofl  Girders.  The  strength  of  a  girder  depends  upon  its 
Mens]  and  the  shape  of  its  cross-section,  and  also  upon  the  disposition  of  the 
PBoal  loads  imposed  upon  it.    The  latter  give  rise  to  the  bending  moments, 

fh  are  measures  of  the  tendencies  of  the  external  forces,  such  as  the  loads 
die  supporting  forces,  to  bend  or  to  break  the  girder.  It  is  the  difference 
like  numerical  values  of  these  bending  moments  which  causes  the  difference 
Lthe  FLEXURAi.  STRENGTH  of  continuous  and  non-continuous  girders  of  the 
pe  cross-section. 

iCntiaaioas  Girders  of  Two  SJmuis.  When  a  beam  is  at  the  point  of  breaking 
rienire,  the  flexure-vormula,  M  -*  SI/c,  is  frequently  used  to  calculate  a 
BBsu.  UNTT  STRESS  developed  in  the  beam;  and  when  the  beam  has  a  Eec- 
iBKuiar  cross-section  the  formula  takes  the  form  (see  page  635) 

^Xuimum  bending      Modulus  of  rupture  *  X  breadth  X  square  of  depth  .    . 


lOidcr  that  the  beam  may  carry  its  load  with  perfect  safety,  the  breaking-loed 
be  divided  by  a  proper  factor  of  safety.    Hence,  if  the  maximuh 
MOMENT  of  a  beam  can  be  found  under  any  conditions,  the  required 
Ls  of  the  beam  can  easily  be  determined  from  Formula  (ix).    (See 
I,  page  557,  for  the  safe  values  of  the  fiber-stresses.)    The  greatest 
ing  moment  for  a  continuous  girder  of  two  spans  is  almost  always  over  the 
support,  and  is  a  minus  bending  moment,  if  the  plus  sign  is  given  to 
naxiraum  bending  moments  between  the  supports.    It  is  the  nxtmerical 
only,  however,  that  is  considered. 

Girder  of  Two  Spaas.    Distributed  Load  over  Bach  Span.    The 
bending  moment  in  a  continuous  girder  of  two  spans,  /  and  A  (Fig.  1), 
with  a  uniformly  distributed  load  of  w  lb  per  unit  of  length  is  over  the 
support  and  is 

Maximum  bending  moment  —  -— — —  (12) 

/  «  /i,  or  both  spans  are  equal, 

Maximum  bending  moment »  w^/S  (12a) 

is  the  same  as  the  maximum  bending  moment  of  a  beam  supported  at 
ends  and  uniformly  loaded  over  its  whole  length.    Hence  a  continuous 

of  two  spans  uniformly  loaded  is  no  stronger  as  far  as  flexure  is  concerned 
if  lum-continuous. 

IS  Girdor  of  Two  Equal  Spans.    Concentrated  Load  at  the  Middle 

The  greatest  bending  moment  in  a  continuous  girder  of  two 


spans,  each  of  length  /,  loaded  with  P  lb  at  the  middle  of  one  span,  and 
Pi  lb  at  the  middle  of  the  other,  is 

Maximum  bending  moment  -  %2 1  {P  +  Px)  (13) 

The  modnliis  of  rupture  is  equal  to  the  ultimate  flexural  unit  stress  developed  in  a 
vheo  the  bending  monient  is  great  enough  to  cause  failure,  and  is  expressed  in 
per  square  inch.  It  usually  lies  between  the  ultimate  unit  compressive  strength 
tke  laltiiiiale  unit  tensile  strength  of  the  material.  (See,  also,  Chapter  XV,  page 
It  is  to  be  noted,  that  the  flexure-formula  M  «  SI/c  is  not  really  applicable  to 
^«f  materials  for  which  the  stresses  are  not  proportional  to  the  deformation,  nor  U> 
us  beams,  nor  to  beams  under  stresses  greater  than  the  elastic  Hmit  ol 
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When  P  «  Pi,  or  the  two  loads  wre  equal,  this  becomes 

Maximum  bending  moment «  H«  Fl  (j 

or  H  less  than  its  value  when  the  beam  is  cut  at  the  middle  support.* 

Continuous  Girder  of  Three  Spans.  Uniformly  Distributed  Load  Over  I 
Span.  The  greatest  bending  moment  in  a  continuous  girder  of  three  s^ 
loaded  with  a  uniformly  distributed  load  of  w  lb  per  unit  of  length,  the  lei 
of  each  end-span  being  h  and  of  the  middle  span  /,  is  at  either  of  the  middle  ! 
ports,  and  is  determined  by  the  formula 

Maximiun  bending  moment  —  -7—; rr 

When  the  three  spans  are  equal,  this  becomes 

Maximum  bending  moment  »  wl*/ 10  ( 

or  H  less  than  what  it  would  be  were  the  beam  not  continuous. 

Cootimious  Girder  of  Three  Equal  Spans.  Concentrated  Load  of  #>  P«nuM 
dM  Ifiddle  of  Bacb  Spaa.  The  greatest  bending  moment  in  a  crontin 
girder  of  three  equal  spans,  each  of  a  length  /,  and  each  loaded  at  the  mi 
with  P  pounds,  is 

Maximum  bending  moment «  ^  P/ 
or  H  less  than  that  of  a  non-continuous  girder. 

4.  Deflection  of  Coatinuous  Girders 

Continuous  Girder  of  Two  Equal  Spans.    Uniformly  Distributed    T-omid 
Each  Span.    The  greatest  deflection  of  a  continuous  girder  of  two  equal  * 
loaded  with  a  uniformly  distributed  load  of  v;  lb  per  unit  of  len^h  is 

Maximum  deflection  -  0.005416  wl*/EI 

in  which  E  is  the  modulus  of  elasticity  and  /  the  moment  op  rmc-KTiA  c 
cross-s!>ction  of  the  beam.  The  greatest  deflection  of  a  similar  beam  supp 
at  both  ends  and  uniformly  loaded  is 

Maximum  deflection  -  0.013020  te/*/£/ 

Hence  the  deflection  of  the  continuous  girder  is  only  about  H  that  of  a 
continuous  girder.  The  greatest  deflection  of  a  continuous  gircier  of  two 
is  not  at  the  middle  of  either  span,  but  between  the  middle  point  of  a  spa 
one  of  the  abutments.  The  greatest  deflection  of  a  continuous  girder  c 
equal  spans,  loaded  at  the  middle  of  one  span  with  a  load  of  I*  lb,  aiKl  < 
middle  of  the  other  with  Pi  lb,  is,  for  the  span  with  the  bad,  J* 

Maximum  deflection  » — 

I536£/ 

for  the  span  with  load  Pi 

Maximum  deflection  — — — - — 

1SS6EI 

When  both  spans  have  the  same  load 

Maximum  deflection  «  J^ei  P?/EI 

*  In  this  continuous  beam  the  maximum  bending  moment  is  the  minus  bendE 
pent  over  the  middle  support  and  in  each  of  the  two  simple  beams  tlie 
ing  moment  is  a  plus  bending  moment  and  is  between  two  supports. 


pta  OQ  Reactioiis,  Strength  and  Stiffness  of  Continuous  Girders     675 

Jht  greatest  deflection  of  a  simple  beam  supported  at  both  ends  and  loaded 
Itbe  middle  with  P  lb  is 

Maximum  deflection  *  PP/4S  EI 

rthe  defleciioa  of  the  continuoos  girder  u  only  M<  that  of  a  Doo-conttnuous  oneu 

fMthiiMnm  Gifder  of  Three  Bqoal  Spans.    Uniformly  Distribttted  Load  Orsf 
NkSpsa. 
Tbe  load  per  unit  of  length  Is  w  lb. 

Gceatest  deflection  at  the  middle  of  middle  span  «  0.00052  wl*/EI       (18) 
Greatest  deflection  in  the  end-spans  »  0.006884  uii^V£/     (19) 

Ibcs  the  wtawiwinm  deflection  of  the  continuous  girder  is  only  about  H  that 
Itnon-continaous  girder. 

CiratiainfiHr  Girder  of  Throe  Boual  Spans,    doncentrated  Load  P  at  the  Middle 

i\ 


Greatest  deflection  at  the  middle  span  •-  Mso  PP/EI  (20) 

*       Greatest  deflection  at  the  middle  of  end-spans  *-  iH«o  PP/BI  (21) 

hHe  the  maadrannt  deflection  of  the  continuous  girder  is  only  ^H»  of  that  of 
k  aon-coatiniious  girder* 


I 


Veto*  on  Reactiona,  Strength  and  Stiffness  of  Continttous  Girders 


Ifcfmts  end  Reactions  of  Coatianoas  and  IToa-Conthuious  Girders.  From 
ie  focesoing,  some  conclusions  can  be  drawn  which  will  be  of  use  in  decidai^ 
|rther  it  b  best  in  any  case  to  use  a  continuous  or  a  non-continuous 
pes.  From  the  formulas  given  for  the  reactions  of  the  supporting  forces 
fihe  diflerent  cases  of  continuous  girders  it  is  seen  that  the  end-supports  do 
It  bear  as  much  of  the  load  as  they  do  when  the  girders  are  non-continuous. 
^  differeooe  is  added  to  the  reactions  of  the  other  supports.  This  might  be 
iadvaata^  in  a  building  in  which  the  girders  run  across  the  building,  and 
tie  thdr  ootskle  ends  supported  by  the  side  walls  and  their  inside  ends  by 
■9  or  ^^a**™*"*-  In  this  case,  by  using  continuous  girders,  part  of  the  load 
|id  be  taken  from  the  walb  aoA  transfecred  to  the  piers  or  colunms.  But  in 
Ks  of  this  kind,  the  vibradon  may  have  to  be  considered.  If  the  building 
odl  or  factory  in  which  the  girders  support  machin«^  any  vtbmtion  in  the 
sfMia  of  the  girder  is  carried  to  the  side  walls  if  the  girder  is  continuous; 
if  mm-continuous  girders  are  used,  with  their  ends  an  inch  or  so  apar^ 
or  no  vibration  is  carried  to  the  side  walls  from  the  middle  span.  In  all 
of  important  construction  the  supporting  forces  should  be  carefully 


of   Cenfjnnoos  and   Hen-Centhuioas  Girdofa.    As  the 

^  STRENGTH  of  coutinuous  and  non-continuous  girders  of  the  wme 
on,  material  and  spans,  and  loaded  in  the  same  way,  is  proportional 
^fteir  maximum  bending  moments,  the  strength  of  a  continuous  girder  can 
kilmfafffd,  from  the  formula  for  its  maximum  bending  moment.  From  the 
lks.gi«en  for  the*  bending  moments  for  the  various  cases  considered*  it  is 
b  that  the  parts  of  the  girder  most  stressed  are  those  which  come  over  the 
ifie  supports.  It  is  seen,  alsoy  that,  except  in  the  single  case  of  a  girder  of 
h  fpBos  uniformly  loaded,  the  strength  of  a  continuous  girder  is  greater 
p  that  of  a  non-continuous  girder.  But  the  gain  in  strength  in  some  in- 
■OBs  is  not  very  great,  although  it  b  generally  enough  to  pay  for  making  the 
ler  condnoona. 
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ReUtire  Stiffnett  of  Contiaaotts  and  Non-Contiiuioiis  Oifd«ra.  The  STl 
NESS  of  a  girder  varies  inversely  as  its  deflection;  that  is,  the  less  the  dd 
tion  under  a  given  load  the  stiffen  the  girder.  From  the  values  given  for 
MAXiicuic  DEFLECTION  of  continuous  girders,  it  is  evident  that  the  stiffnesi 
a  girder  is  increased  by  making  it  continuous;  and  this  is  usually  the  prind 
advantage  in  the  use  of  continuous  girders.  It  sometimes  happens  in  build! 
construction  that  it  is  necessary  to  use  beams  and  girders  of  much  grei 
strength  than  is  required  to  carry  the  superimposed  load,  because  the  deflect] 
of  smaller  beams  or  girders  would  be  too  great.  But  if  continuous  gin 
are  used  they  may  be  made  of  just  the  size  required  for  strength,  because  tl 
deflections  are  less.  Where  great  stiffness  is  required,  therefore,  conttnu 
beams  or  girders  should  be  used  if  possible,  as  in  the  case  of  griUage-gvd 
(See  Example  3,  page  679.) 


C.  Formulas  for  the  Strength  t^d  Stiffness  of  Continuous  Girte 

Girders  of  Rectangular  Cross-Sectioii.  For  convenience,  the  proper  fornv 
for  calculating  the  strength  and  stiffness  of  continuous  girders  of  rectan^ 
doss-section  are  given.  The  formulas  for  strength  are  deduced  from  the  flex 
formula  M  -  SI/c,  modified  for  the  rectangular  section  of  breadth  b  and  depi 

Bendmgmoment.— ^— 

in  which  5  is  the  safe  uidt  fiber-stress.  This  is  eighteen  thnes  the  coelBc 
A  *  of  Table  II,  page  628. 

SiKENGTH.  ContimuMia  Girder  of  Two  Equal  Spaas.  Uniformly  Dittiibi 
Load  Over  Bach  Span. 

f  B,..kin,.k»dt- "^^y^^* 

where  b  denotes  the  breadth  and  d  the  depth  of  the  girder  in  Inches,  and  J 
length  of  one  span,  in  feeL  The  values  of  the  constant  A  are  three  times 
values  given  in  Table  II,  page  628.  For  long-leaf  yellow  pine,  aoi ;  for  I>oa 
fir,  168;  chestnut,  132;  and  for  spruce  and  white  pine,  117  lb  per  sq  in,  are 
ommended  for  the  values  of  ^4  in  these  formulas. 

ConHmioos  Girder  of  Two  Equal  Spana.    Cooceatratad  Load  at  tlia 
Bach  Span. 

Breaking-load  -  54  X  5ii^2id 

Coalinaoas  Girder  of  Three  Bqoal  Spaaa.    Uoiforaily  Distribvtad 
Bach  Span. 

Breaking4oad -  % X  ^^^^"^ 

CoaAimioas  Girder  of  Three  Equal  Spaas.    Coooenlrated  Load  at  Iha  1 
ef  Each  Span. 

Breaking'load  -  %  x 1 

*  See,  ilso.  Table  1.  page  557.  and  Tabic  XVI,  page  647,  for  sale  fiber-stresses 
t  Brealing-'.«iad  u  pounds  in  all  cases. 
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fkawHESs.    Costimwas  Qivler  of  Tw  Bvml  Sput.    Uoifotaljr  IMitribvtod 
^Omt  BiMh  Sp«a. 

Wm  follovring  fonnulas  give  the  loads  which  the  beams  wiil  support  without 
iKdog  moce  tban.oae'^fairtieth  of  an  inch  per  foot  of  span. 


Load  on  one  span  -  — - — r-  (27) 

»  0.20  X  " 


Girder  of  Two  Bipial  Spans.    Coneeatrated  Load  at  die  Kiddle  of 
kspaa. 

'  Load  on  one  span  -  *%  X (aS> 


Girder  of  Three  Bqoal  Spans.    Uniformly  Distrilmted  Load  Over 
■fcSpaa. 

Load  on  one  span  -  r-  (39) 

0.33  X  /»  * 


■Hiiflaoss 
Ph±  Spaa. 


of  Three  Bqnal  Spans.    Concentrated  Load  at  the  Middle 

Load  on  one  span «-  «%i  X  -z <3o) 

Ihe  value  of  the  constant  ei  is  obtained  by  dividing  the  moditlus  Of  elas- 
by  12  960;  and,  for  the  three  woods  most  commonly  used  as  beams,  the 
og  values  may  be  taken: 

;4eaf  yellow  pine,  1x6;    white  pine,  77;   spruce,  92;    Douglas  fir,  1x6. 
woods,  see  Table  L  page  664.) 

Cootiaiioas  Steel  Beams  the  requisite  size  may  be  found  by  first  com- 
hfaig  the  iCAXiMUM  BENDING  MOMENT,  by  means  of  Formulas  (12)  to  (15), 
pliien  selecting  a  beam  that  has  a 

L  3  X  maximum  bending  moment  in  ft-Ib  ,    ^ 

I  SECTION-MODULUS'-    (3x) 

[  4000 

Mies  for  the  sectiok-modqli  for  the  different  shapes  of  rolled  steel  used  as 
lbs  are  given  in  the  tables  in  Chapter  X. 

I.     What  steel  beam  should  be  used  to  support  two  loads  of  16  000 
ooooentrated  at  the  middle  of  two  spans  of  10  ft  each,  the  beam  being 

OS? 

Formula  (13a)  gives  the  maximum  bending  moment  as  Me  P/,  or 

ft-Ib.    Therefore,  from  Equation  (31),  a  beam  having  a  section-modulus 

to  3  X  50  000/4  000  or  22.$  should  be  used.    From  the  Table  IV,  page 

it  is  found  that  a  9-in  30-lb  beam  has  a  section-modulus  of  23.5,  and  a 

25^-lb  beam  a  section-modulus  of  34.4/    Either  of  these  beams  will  there- 

faosner,  the  lo-in  beam  being  the  cheaper,  however,  and  also  the  stiffer. 

s.    A  steel  beam  continuous  over  three  spans  is  required  to  support 
ly  distributed  load  of  1 000  lb  per  lin  ft.    The  two  end-spans  are  la  ft 
aad  the  middle  span  10  ft.    What  should  be  the  size  and  the  weight  of  the 
v> 

Tlie  mazfnmm  bending  moment  is  found  by  Formula  (14),  and  la 

z  000 X  I  000 -Hi  000 X  I  728  ^ 
;^ 12  630 

4  (30+24) 
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The  BCtioiMnodulUs,  by  EqiutiBil  (ji),  nidil  Ocftai  3  X  i3  63*/4  000  —  • 
which  lequiies  a  7-m  is.i-lh  beam  (Table  IV,  pa«c  ,)is)- 

If  the  beam  weie  not  mntiDDoua  an  S-in  ia.4-lb  beam  wdbIcI  be  requiie 
tbe  lift  spans,  and  a  T-in  15^-lb  beam  for  tht  w-it  ^>ui. 

For  a  beam  of  two  equal  spuie,  loaded  uoifoimly,  tbe  Etrengtb  is  tbe  sbi 
tbough  it  were  not  continuous. 

The  fonnulas  given  (or  the  reactions  u  tbe  supports,  and  tor  the  deflec 
of  cooliDuouB  lirdera  nith  conc^itraled  loads,  were  vui&ed  by  Mr.  Kiddi 
means  of  careful  eipeiiments  on  small  steel  bars.  The  remainins  fon 
were  verified  by  comparing  Ibem  with  the  formulas  of  other  authorities  1 
it  was  possible  to  do  so.  In  r^ard  (0  some  ol  the  caaes  giveo  the  autbo 
never  seen  any  discusaon  ol  them  in  any  work  on  tbe  subject. 

1.   Continuoui  Girderi  in  Giillaee-FoundationB 
OriUafs-Baami  Con^ertd  t»  Inmted  Cootiniwiu  Olrdata.      As   stiUi 


m 


_^L_ 


'liiillUliililiiilliUiiiiiiiiii. 

Fig.  3.    Coutiiiuaui  Girder  b  CriHaae-fouadiliaa 


Fig.  4.    SburHJiigram  and  Scnding- 


quent.  Fig.  3  represents  a  footing  conssting  of  two  layers  of  beams,  wUc 
tribute  the  load  of  the  three  oolumm  above,  uniformly  over  tbe  found«iki 
By  inverting  the  footing  the  three  columns  become  the  supports  or  reacdnn 
the  unier  layer  of  beams,  a  continuous  girder,  loaded  with  a  uniformly  di 
uted  load  which  is  tbe  pressure  of  the  lower  layer.    As  in  practice  tbe  cd 
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\h^  tic  never  equal,  and  the  distance  between  the  oolumnB  seldom  equal,  it 
B  Qfecessary  to  project  the  continuous  girder  beyond  the  most  heavily  loaded 
cohmm  in  order  to  insure  a  uniform  pressure  upon  the  lower  layer.  Because 
if  these  limitations  none  of  the  formulas  previously  deduced  can  be  apptied, 
tkhough  the  principles  upon  which  they  are  based  hold  good. 

ifawMniw  Bending  Moment.  Since  the  reactions  in  this  case  are  the  given 
pohmm-loads  it  b  required  first  to  find  the  maximum  bending  moment.  From 
KAit  has  already  been  said  about  continuous  girders,  it  is  evident  that  the 
ifnt  of  masdmum  bending  moment  may  be  under  columns  i  or  2,  or  between 
Hk  Gohmins.  Since  the  maximum  bending  moments  are  the  points  op  no 
■Lix,  construct  the  SHEAk-diagkam,  find  where  the  shear  passes  through 
era,  and  calculate  the  bendnig  moments  at  these  points.  The  maximimi  bend- 
hf  moment  is  determined,  as  in  examples  x  and  2,  in  order  to  determine  the 
ftcnoM-MODUi^s  of  the  girder. 

Ittmple  3.  The  continuous  girder  under  columns  i,  2  and  3  (Fig.  3)  is 
Si  ft  long;  the  overhang,  to  the  left  of  column  z,  6.25  ft;  the  distance  between 
icohmns  i  and  2,  13.12  ft;  between  columns  2  and  3,  12.88  ft;  and  from  column 
3  to  the  right  edge  of  the  girder,  .75  ft.  The  column-loads  are  as  follows:  on 
c&hunn  i,  565  tons;  on  column  2,  600  tons;  and  on  column  3,  255  tons. 

The  column-loads  may  be  considered  uniformly  distributed  over  parts  of  the 
gtda  by  the  bases,  which  are  3  ft  wide  under  columns  x  and  2  and  18  in  wide 
«der  coiunm  3.  The  unit  pressure  under  column  i,  therefore,  is  565/3  i- 
il8^  tons;  under  column  2,  600/3  -  200  tons;  and  under  column  3,  255/1.$ 
•170  tons.    The  imit  pressure  under  the  continuous  girder  is 

(565  -H  600+  255)/33  -  43  tons 

The  first  step  in  the  calculation  of  the  girder  is  the  determination  of  the 
Mcrrs  OP  NO  shear  and  the  plotting  of  the  shear-diagram  in  Fig.  4.  It  is 
wvioQS  from  the  shear-diagram  that  there  are  four  points  of  no  shear  and  con- 
tequeat^  four  points  of  possible  maximum  bending  moment.  The  first  of 
tboe  is  under  column  i,  the  second  between  columns  i  and  2,  the  third  under 
oofaaBm  3  and  the  fourth  between  columns  2  and  3.  The  bending-moment 
flSigram  is  shown  by  the  solid  curved  line  in  Fig.  4.  The  points  of  contra- 
lenre  or  no  bending  moment  are  the  intersections  of  this  line  with  the  bori- 
■Bt^  Kne  of  reference. 

The  SHEAR-DIAGRAM,*  sfaown  by  the  broken  line  in  Fig.  4,  may  be  constructed 
«  follows: 

Fit «  +  43  tons  per  ft  X  (6.25  -  1.5  -  4-75  ft)  -  -|-  204.25  tons 
Vt  -  (  +  43  tons  per  ft  X  6.25  ft)  —  565/2  tons  -  +  268.75  -  282.5 
-  —13-75  tons 
This  ^lows  that  xi,  the  point  of  no  shear,  lies  between  points  i  and  2.    To 
^  this  point  let  y  be  its  distance  beyond  or  to  the  right  of  point  i.    Then, 
be  EQUATION  POR  NO  SHEAR  is  43  tons  X  (4-75  f t  +  y  ft)  =  188.3  X  y,  or  204.25 
+43y«  188.3  y,  from  which  145.3  y-  204.25  and  y-  1.4  ft:    hence  xx,  the 
IBST  POINT  OP  NO  SHEAR,  is  4.75  ft-j- 1.4  ft,  or  6.1  ft  from  the  left  end. J 

The  STJCOSD  POINT  OP  NO  SHEAR,  xt,  is  such  a  distance  from  the  left  end  that 
lie  DOWNWARD  SHEARING-PORCE  of  565  tous  from  column  I  is  neutralized  by 

The  iqyward  forces  are  here  called  plus  or  poutive  and  the  downward  forces  minus 


t  V^i  is  taken  at  point  i,  the  left  edge  of  base  of  Column  x,  Vt  at  point  2,  at  the  axis  of 
3,  etc. 
The  ioHofiring  computations  are  carried  out  to  one  dedmal-plaoe,  only,  the  nearest 
values  being  used. 
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an  equal  upwakd  6Beakinc>fobce  of  43  tons  per  ft.  on  »i  ft.    Hence  xi »  565/^ 
« 13. 1  ft. 

^«  -  +  43  tons  per  ft  X  [(6.25  +  13.12  -  1.5)  -  17  9  ft]  -  565  tons 

-  769.7  -  565  -  +204.7  tons 

^7  -  +  43  tons  per  ft  X  (6.25  +  13.12  -  19.4  ft)  -  (565  +  600/2  tons) 

-  +  834.2  —  86s  tons  «■  —  30.8  tons 

fhis  shows  that  the  third  point  of  no  shear,  X9,  lies  between  6  and  7.  L 
y  be  its  distance  to  the  right  of  point  6.  The  equation  for  no  shear  at  tli 
point  is  43  tons  X  (i 7-9  ft  +  y  ft)  -  s^S  tons+  (200  tons  X  y  ft),  or  769.7  +  43 
"■  56s  +  200  y,  from  which  157  y  *  204.7  &Dd  y  i^  ft.  Hence  xt,  the  XHil 
POINT  OF  NO  SHEAR,  is  17.9  ft  +  1.3  ft »  19.2  ft  from  the  left  end. 

The  FOURTH  POINT  OF  NO  SHEAR,  »4,  is  such  distance  bam  the  left  end  th 
the  DOWNWARD  SHEARING-FORCE  of  columns  z  and  2,  amounting  to  565  +  6c 
or  1165  tons,  is  neutralized  by  an  equal  upward  shearing-force  of  43  toi 
per  ft  on  Xi  ft.    Hence  xa"  1  165/43  >-  27.1  ft. 

Having  found  the  points  of  no  shear,  the  bending  uoment  at  these  poin 
may  now  be  determined. 

If  at  Jti  -  43  ton*  X  6.1  ft  X  6.1/2  ft  -  188.3  tons  X  1.4  ft  X  1.4/2  ft 
-  +  615.5  ft-tons 

if  at  JCt  -  43  tons  X  13.1  ft  X  13.1/2  ft  —  565  tons  X  6.8  ft  ■■  —  152.4  ft-toi 

if  at  x^ -  43  tons X  19.2  ft X  19.2/2  ft— 565  tons X  12.9  ft— 200 Tx  1.3 

X  1.3/2  -  +  467  ft-tons 

If  at  X4 «-  43  tons  X  27.1  ft  X  27.1/2  ft  —  565  tons  X  20.8  ft  —  600  tons 
X  7.7  ft  -  -  582.2  ft- tons 

The  iCAXisfUM  bending  moment  therefore  is  at  xi  and  equals  615.5  ft-tons*  « 
I  231  000  ft-Ib.    Substituting  in  Formula  (31),  the  section-modulus  is  fouc 

to  be -  923.2.    The  following  beams  could  be  used,  as  far  j 

4000 

flexure  b  concerned.    For  investigations  of  the  resistance  of  the  girders  to  wd 

buckling  or  crippling,  see  Chapter  II,  pages  182  to  184,  and  Chapter  X^ 

pages  567  to  569. 

Four  standard  24-in  iio-lb  I  beams,  section-modulus  of  each,  239.1  (page  3s 

Three  Bethlehem  30-in  1 20-lb  I  beams,  section-modulus  of  each,  349.3  (paj 

357) 
Three  Bethlehem  24-in  140-lb  girder-beams,  section-modulus  of  each»  350 

(page  358) 
Two  Bethlehem  28-in  i8o-lb  girder-beams,  section -modulus  of  each,  518 

(page  35S) 
The  28-in  and  30-in  beams  are  stiffer  than  the  24-in  beams,  have  a  smaA 
total  amount  of  steel  and  cost  less  than  the  others  for  the  number  of  beta 
required. 

*  The  bending  moments  at-Xy  and  X4  have  very  neariy  the  same  numerical  vmhies,  ai 
in  the  computations  the  retaining  or  dropping  of  figures  in  the  second  decimal-place  du 
change  the  result  and  make  the  value  at  x^  slightly  greater  than  at  x^. 


GeDcral  Notes  oo  Plate  and  Box  Girden  681 


CHAPTER  XX 

BI?ETED  STEEL  PLATE  AND  BOX  GIRDERS 

By 
CHARLES  P.  WARREN 

-UB  ASSISTANT  PROTESSOR  O?  ARCSITECTURE,  COLUMBIA  UNIVERSITY 

L   General  Notes  on  Plate  and  Box  Girders 

Tjpee  of  Riveted  Girders.  Girders  built  up  of  plates  and  angles,  as  shown 
li  section  in  Figs.  1  to  4,  are  extensively  used.  This  is  undoubtedly  owing  tu 
ie  simplicity  of  their  construction,  to  the  comparatively  low  cost  of  the  shapes 
tf  wfakh  they  are  fabricated  and  to  their  adaptability  to  any  arrangement  of 
Wds  or  to  any  span  for  which  girders  are  usually  required.  Riveted  girders, 
bve?er,  are  seldom  made  for  spans  greater  than  6o  ft  and  are  seldom  more 
Iba  6  ft  in  depth.  The  most  common  forms  of  these  girders  are  shown  in 
Vies.  2  and  4. 


r«.i  Fig.  2  Fig.  8  ng.i 

Types  of  Riveted  Girders 

Tbe  giidcra  with  a  single  vertical  plate  called  the  web  are  usually  called 
ilAic  GIRDERS,  and  those  with  double  or  triple  webs,  box  girders.  Plate 
pnkrs  are  more  economical  than  box  girders,  and  more  accessible  for  painting 
tod  inspection;  but  box  girders  are  stifFer  laterally  and  should  always  be  ased 
■bete  great  length  of  span  requires  wide  flanges.  In  general,  it  may  be  said 
fett  plate  girders  should  be  used  to  support  floor-beams  and  floor-arches  and 
■aOs  not  over  12  in  thick,  and  that  box  girders  should  be  used  where  a  flange- 
■ihh  greater  than  12  in  is  required.  The  girder  shown  in  section  in  Fig.  1  has 
tolaoge-plates  and  should  be  used  only  for  comparatively  light  loads  and  short 
vans,  ind  never  to  support  masonry. 

I  Haagie  and  Web.  The  term  ilange,  as  applied  to  riveted  girders,  includes 
10  the  metal  in  the  top  or  bottom  parts  of  the  girder,  exclusive  of  the  web-plates.* 
Ike  DEPTH  of  a  riveted  girder  is  the  distance  between  the  centers  of  gravity  of 
&£  flanges;  but  in  practice  this  is  usually  taken  as  the  depth  op  the  web- 
Rate,  and  the  word  will  be  so  used  in  tMs  chapter.  The  top  and  bottom  of 
ie  flange-angles  extend  H  in  beyond  the  top  and  bottom  of  the  web-plate. 
ESee  the  figure  in  Table  IV,  page  706.)    Stipfexers  are  short  pieces  of  angles 

*  Thii  may  be  modified,  however,  as  some  engineers  include  one-sixth  of  the  web-area 
btke  effective  flang^^ica.    See,  also,  Fhtoge^Acea  in  the  examples  of  this  chapter. 
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riveted  to  the  web  at  intervab,  to  keep  it  from  buckling.  They  should  t 
closely  against  the  horizontal  legs  of  the  flange-angles,  and  should  alwaj 
be  used  at  the  supports  and  under  concentrated  loads. 

Economic  Depths  of  Girders.  The  depth  of  a  riveted  girder  may  vai 
from  one-tenth  to  one-fifteeath  or,  in  exoepticioal  cases,  oae-aixtcenth  the  spa 
The  greatest  economy  of  material  is  said  to  be  obtained  when  the  depth  is  on 
twelfth  the  span.  Thus  for  a  36-ft  span  a  3-ft  girder  should  be  used  if  tl 
conditions  will  permit;  but  the  least  depth  should  be  H»  of  36,  or  about  2 
5  in  or,  in  exceptional  cases,  H«  of  36,  or  2  ft  3  in.  A  girder  b  said  to  have  i 
ECONOMIC  DEPTH  when  the  amount  of  material  in  the  flanges  is  equal  to  th 
in  the  web,  and  there  are  no  cover-plates.  The  rule  holds  appRMdmatt 
when  there  are  cover-plates. 

The  Width  of  the  Top  Flaoge  should  not  be  less  than  One-twentieth  tl 
distance  between  lateral  supports;  or  if  there  are  no  lateral  support^  then  n 
less  than  one-twentieth  the  span. 

Arches  Between  Girders,  or  floor-beams  riveted  to  the  sides  of  girders,  mi 

bo  considered  as  lateral  supports. 

2.  Details  of  Construction  of  Plate  and  Box  Oirdecs^ 

Genersl  Requirements  for  Plate  and  Box  Girders.  The  lollowiDg  i 
quirements  are  those  which  must  be  generally  satisfied  in  the  design  of  rivet 
girders. 

(i)  All  the  connections  and  details  of  the  several  parts  shall  be  of  such  StiXDg 
that,  upon  testing,  rupture  shall  occur  in  the  body  of  the  members  rather  th 
in  any  of  their  details  or  connections. 

(2)  In  members  subject  to  tensile  stress  full  allowance  shall  be  made  lor  t 
reduction  of  the  section  by  the  rivet-holes. 

(3)  The  webs  of  plate  girders,  when  they  cannot  be  obtained  in  one  lengt 
must  be  spiioed  at  all  joints  by  a  plate  on  each  side  oi  the  web. 

(4)  Tees  must  not  be  used  for  splices. 

(5)  Stifleners  shall  be  used  at  the  ends  of  all  girders,  wherever  there  are  CQ 
centrated  loads,  and  elsewhere  when  the  shearing-stress  is  greater  than  t 
resistance  to  buckling. 

(6). The  PITCH,  that  is,  the  distance  between  centers  of  rivets,  shall  not  c 
ceed  6  in,  nor  16  times  the  thickness  of  the  thinnest  outside  plate,  and  it  sb 
not  be  less  than  2H  in  for  H-in  rivets,  or  2H  in  for  ^-in  rivets,  in  a  stxaig 
line. 

(7)  The  rivets  used  should  be  H  in  in  diameter  for  plates  from  H  to  H- 
thick,  and  H  in  in  diameter  for  plates  of  greater  thickness. 

(8)  The  distance  between  the  edge  of  any  piece  and  the  center  of  a  riv^ 
hole  must  never  be  less  than  iH  in. 

(9)  In  PUNCHING  plates  or  other  members,  the  diameter  of  the  die  shall  in  i 
case  exceed  the  diameter  of  the  punch  by  more  than  Ma  in. 

(10)  All  RIVET-HOLES  must  be  so  accurately  punched  that  when  the  ^c^fm 
parts  forming  one  member  are  assembled,  a  rivet,  Me  m  less  in  <fiameter  th 
the  hole,  can  be  inserted,  hot,  into  any  hole  without  reaming  or  stressing  t 
metal  by  the  use  of  drift-pins. 

(11)  The  rivets  when  driven  must  completely  fill  the  holes. 

(12)  The  RIVET-HEADS  must  be  hemispherical,  except  where  flush  surfai 
are  required,  and  of  uniform  size  throughout  for  rivets  of  the  same  size.  Tb 
must  be  full  and  neatly  made,  and  be  concentric  with  the  rivet-holes. 

*  These  requirements  are  taken  largely  from  Birknure's  **  Compound  RIveCed  Gi»leB 
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tK^rWhenever  possible,  all  rivets  must  be  hacbine-driven. 

(14)  The  several  pieces  forming  one  built  member  must  fit  closely  together, 

ri,  wlieQ  riveted,  must  be  free  from  twists,  bends  or  open  joints. 

{15)  Girders  60  ft  and  less  in  length  sddom  require  splicing,  as  the  plates  and 

i|iei  can  readily  be  obtained  in  such  lengths.    In  splicing  the  top  flange, 

hn  oC  two  or  more  thicknesses,  no  additional  cover-plate  will  be  required 

■r  the  joint,  but  the  ends  should  be  planed  true  and  butt  closely.    The  rivets 

iHld  be  spaced  closer  near  the  joint. 

(iQ  The  (date  covering  the  bottom  flange  must  be  of  the  same  area  as  the 

hks  jained,  and  of  sufiident  length  to  take  a  number  of  rivets  equal  to  the 

Bsth  of  the  cover-plate. 

1.  Design  of  Plate  and  Box  Girders 

Iks  Principal  Stepa  in  the  Design  of  SiTeted  Girders.    In  designing 
limed  girder  to  sustain  safely  a  given  bad,  the  following  steps  are  necessary: 
(i)  The  determination  of  the  reqmred  flange-area. 
(2)  The  determination  of  the  thickness  of  the  web  to  resist 
(«)  Shearing. 

(i)  Bockling.    This  step  also  determines  if  stiffcners  are  necessary. 
The  detennination  of  the  nunber  and  pitch  of  the  rivets. 
The  appioximate  weight  of  the  girder. 

The  determination  of  the  length  of  the  flange^plates  when  more  than  one 
■■imied  for  each  flange. 

(1)  The  Flange-Area.  In  determining  the  flamge-area  of  riveted  girders, 
ii  cvtomary  to  assimie  that  the  bending  moments  are  entirely  resisted  by  the 
and  lower  flanges,  the  web  being  assumed  to  resist  the  shear  only.  Just 
ihould  be  included  in  the  flange-area  is  a  question  on  which  engineers  differ. 
iKhaie  the  flange-pJates  and  angles  and  one^sizth  of  the  web-area,  others 
Auige-plates  and  angles  only,  while  others  include  the  flange-plates  and  only 
knuntal  less  of  the  angles,  the  vertical  legs  being  considered  as  belonging 
the  web.  In  compression-flanges,  usually  the  upper  ones,  the  gross  section- 
be  taken,  provided  the  rivets  are  machine-driven  and  fiU  completely 
holes;  but  in  tension-flanges,  usually  the  lower  ones,  the  net  area  is  taken, 
is,  the  groas  area  minus  the  area  of  the  greatest  number  of  rivet-holes  in 
cnia»-section,  since  the  stresses  of  tension  are  not  transmitted  through  the 
as  ate  those  of  compression. 

genenl  iormuia*  for  DETERicnaKG  the  flange-area,  which  applies  to 
Stions  of  loading  is 
Area  of  one  flange  maximum  bending  moment  in  foot-tons 

in  square  inches       depth  of  web  in  feet  X  safe  unit  fiber-stress  in  tons 

I 

A  -  Mmu/dS  (i) 

*  Hh  aar  be  derived  from  what  h  sometnnes  called  the  PLATB-ontDsa  roRMULA, 
SAd,  in  wfaicfa  5  is  the  safe  unit  bending-stress  in  the  flange  at  the  section  of 
>i*q^ng  moment.  A  is  the  area  of  the  cross-section  of  either  flange  and  d  is  ap* 

\y  the  depth  of  the  ^rder.    Of  course  the  units  must  be  the  same  in  both  mem- 

Ihe  cquBtSoo.  If  the  center  of  moments  is  taken  at  the  oenter  ol  gravity  of  the 
-jctin  ot  tttber  flange-arsa  axKl  if  the  area  of  metal  resisting  bending  b  considered 
CDBoeotiated  in  the  flanges,  the  depth  of  each  bein^  very  small  compared  to  that 
firder-depth.  then  5i4  is  the  total  horizontal  stress  b  either  flange,  d  its  levei^ 
Jd  SAd  the  icaisting  moment  of  the  cross-section,  equal  to  Af  mu.  Hence  A  •■ 
dS.  Another  method  uses  the  section-modulus,  I/c  »  M/S,  in  determining  the 
and  proportioiiiQg  the  girder.     (See  pages  706  to  7x6.) 
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Rules  for  finding  the  maximum  bending  moment  for  different  conditions 
loading  are  given  in  Chapter  IX. 

Sy  the  SAFE  UNIT  FIBER-STRESS  FOR  FLANGE-BENDING,  was  formerly  taken 
from  13  000  to  16  000  lb  per  sq  in,  the  tables  in  the  manufacturers*  handbo 
^ving  the  safe  loads,  etc.,  for  riveted  girders,  varying  in  regard  to  this  stress.^ 

If  it  is  required  to  compute  the  safe  uniformly  distributed  load  io 
igirder  already  constructed  or  designed,  the  following  formula  f  may  be  ui 
The  safe  load  in  pounds,  uniformly  distributed  is 

8  X  net  area  of  bottom  flange  X  depth  in  ft  X  5 

span  in  feet 
or 

W'^&AdS/l 

From  the  result  the  weight  of  the  girder  itself  should  be  subtracted. 

For  the  safe  concei^rated  load  at  the  middle  of  the  span  take  one- 
the  result  obtained  by  formula  (2)  and  subtract  the  weight  of  girder. 
Case  IV,  page  326.) 

(2)  The  Thickness  of  the  Web.  The  thickness  of  the  web  is  determi 
^y  its  resistance  to  vertical  shearing.  Whether  or  not  stiffeneis  shall  be  1 
is  determined  by  the  resistance  of  the  web  to  buckling. 

(a)  Shearing.  To  resist  the  vertical  shear  the  net  sectional  area  of 
web  in  square  inches  must  be 

the  maximum  vertical  shear 

^  5 

or 

A  -  Vn^S 

V  and  5  being  both  in  tons,  5  is  taken  at  10  000  { lb  or  5  tons  per  sq  in. 
Table  II,  page  703.) 

The  maximum  vertical  shear  in  any  beam  or  girder  b  at  the  greater  rea 
and  is  equal  to  it. 

For  a  girder  supported  at  both  ends  and  unifonnly  loaded  with  a  Um 
the  MAXIMUM  vertical  shear  Is 

Vmax  -  W/2 

For  a  girder  supported  at  both  ends  and  loaded  at  the  middle  with  a  loi 

Kmax  -  P/a 

For  a  girder  supported  at  both  ends  and  loaded  as  in  Fig.  7, 

Kmax-Pm//-^ 

For  a  girder  supported  at  both  ends  and  loaded  with  two  equal  conceal 
ioads  P,  P,  equally  distant  from  the  middle,  as  in  Fig.  8, 

Vm^  -  P  -  ^  -  i2t 

For  combinations  of  loads  the  maximum  vertical  shear  will  equal  the  g 
reaction.  The  method  of  determining  the  reactions  at  the  supports  of  a 
or  girder  is  given  in  Chapter  IX,  Subdivbion  i.    The  verticai.  sbsj 

*  See  Chapter  XV,  paragraphs  relating  to  riveted  single  and  double-beam  glnfc 
ioot-note  with  same,  pages  603  and  604:  also  page  704.  The  value  In  meet  city  < 
DOW  16  000  lb  per  sq  in. 

t  From  Formula  (i)  ju?t  explained,  and  from  Case  V,  page  326,  If  max  ^  SA 
J/max  -  Wl/8.    Hence  Wl/S  ^  SAdandW"  S  A>1S/l. 

*  This  is  a  conservative  value.  The  Carnegie  Pocket  Companion  and  the  h 
laws  of  most  cities  permit  10  000  lb  per  sq  in  for  steel. 
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MX  at  any  given  vertical  section  of  a  beam  or  giider  between  the  supporta  ia 
eilgebraic  sum  of  all  the  vertical  external  forces  acting  on  the  beam  to  the 
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F%i.  5  to  9-    Diagnunt  for  Vertical  Shears  for  Different  T^*»Alngt. 

t  that  section,  focoes  acting  upwards  being  considered  as  plus,  and  those 
I  iknniwards  being  considered  as  minus. 

Biy  in  the  case  of  the  beam  shown  in  Fig.  9,  the  reaction  Ri  will  be 
i,  tiy  the  method  explained  in  Example  2,  page  323,  and  by  Formulas  (2) 
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•od  (3),  page  313,  to  be  150  lb,  and  that  at  A  to  be  140  lb.  The  sbnr  at  t 
«ua  aectkAs  may  be  found  1^  applying  tbe  foregidng  definition  ol  veiii 
SBEAK,  thus; 

Shear  at  X  -  +  iso—  so-  +  100  lb 

Shetral  F- +  ijo- jo- 80- +  lo  lb 

Shearat  Z-  +  i50-5o-Bo-ioo--Selb 

Shear  at  O  "  +  150—  so  —  Bo—  100—  60  -  —  140  lb 
The  mannei  [n  which  the  iiirtical  sbead  varies  between  the  sapporti,  m 
different  dispoaitiona  of  the  loads,  is  shown  graphically  by  the  hatched  arei 
Figs.  5  10  9;  in  the  first  three  casei  W  and  P  ace  assumed  to  have  the  s 

When  the  load  is  uhtiohui.v  msTBiBnTED  the  vebtical  sheab  can  be  ft 
graphically  by  laying  ofi  vertically  A  and  Rt  to  a  scale  of  pounds,  and  dm 
tbe  line  ab.  Fig.  5.  The  sheai  at  X  will  then  be  represented  by  the  ordi 
Xi  and  the  shear  at  ¥  by  ¥>,  and  they  can  readily  be  scaled. 

(b)  Bucklinc.*  The  safe  resistance  of  the  web  to  buckling,  in  pouitdi 
iquaie  inch,  may  be  detemuDcd  by  the  formula 

a — i^^ 

in  which  S),  is  the  safe  buckling  value  in  pounds  pet  square  inch,  if  is  the  d 
ol  the  web  in  ihe  clfat  between  flange-plates  in  inches  and  ( is  the  tWckne 
the  web  in  inches.  When  this  resistance  is  less  than  the  unit  stkEsS 
lEAH  at  any  section,  stiffeners  must  be  used. 
These  should  be  made  of  angles,  not  less  than  3H  by  3M 1 
in  ID  size.  Tbey  should  always  be  tightly  filled  between  the  flange-angle 
as  to  support  the  horizontal   (fangea. 

the  web  and  the  vertical  leg  0!  the  ai 
riLLEBS,  of  the  same  thickness  as 
flange-angles,  are  generally  used,  as  *1 
in  Fig.  10.  Where  there  are  several  ^ 
exactly  alike,  something  may  be  save 
omitling  the  fillers  and  eENDIHc  THE 
PENERS,  as  shown  in  Fig.  11.  This  I 
iag,  however,  caa  be  done  properly, 
by  the  use  of  special  dies,  and  cost« 
than    the   fillcn    unless   there    are    1 

Fig.lO.    Siiffenpfs       Fig.  n.    Bent  ,  .    ,  ,        " 

•iib  Filltrs  Stiflenera        ^""^  »  matter  of  Judgment  and  eipei 

Ihanof  exact  calculation.  Shear-hiacI 
shown  in  Figs.  6  to  9,  are  of  great  assistance  in  visualizing  sheaiing-str 
The  general  rule  is  to  place  the  stiflenera  not  farther  apart  than  the  dcf 
the  full  web-plate  on  girders  over  3  It  in  depth,  with  a  masimum  spacing  d 
On  girders  under  3  fl  in  depth  they  are  placed  3  ft  apart.  Girders  1  ft  an 
in  depth  require  no  stiSeners.  On  girders  supporting  distributed  loads  Lhi 
generally  placed  nearer  together  at  the  ends  than  towards  the  middle. 

*  See  Tabic  m,  paee  Tos,  and  aba  in  Chapter  XV,  the  pangraphi  and  ioM 
piMtH  S67  lo  56g.  [tilling  to  the  web-budtliag  o£  bWDi  and  finfen.  TW  fc 
used  for  ircb-tnickliiiE  in  Tabic  III,  page  705,  is  the  foroiula  that  was  used  in  tbe  I 

deduced  by  the  Cambria' fanaula  (Ke  pa^  s6S),  Table  III  to  retaioed  at  &  1l 
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t  Stitcaew  fihoold  alwasrs  be  placed  at  the  ends  of  girders  and  directly  over  the 
rige  of  each  support,  as  shown  in  Fig.  18»  and  wherever  there  are  concentrated 
hads.  On  plate  girders  the  stiflfeners  are  always  placed  on  each  side  of  the  web; 
■  box  girders  on  the  outside  onJy. 

Ihe  Bearing  of  Girders.  This  depends  somewhat  upon  the  character  of  the 
baifiag,  bnt  a  safe  general  rule  is  to  make  the  bearing  of  the  girder  beyond  the 
tigt  of  the  support  equal  to  one-half  the  depth  of  the  gisdes. 

I  (S)  The  Number  and  Pitch  of  the  Rivets,  (a)  lUvets  hi  Web-Legs  of 
Isiliii  It  will  readily  be  seen  that  when  a  plate  or  a  box  girder  Is  loaded,  the 
leodescy  of  the  bending  moments  b  to  cause  the  flange-opiates  and  angles  to 
BIDE  HORIZONTALLY  past  the  web;  this  tendency  is  resisted  by  the  rivets 
iriach  connect  the  angles  with  the  web.  The  total  amount  of  this  tendency 
pD  SLIDE,  called  the  horizontal  flange-stress,  between  any  section  of  the 
In^e  and  the  nearer  end  of  the  girder,  is  equal  to  the  bending  hombnt  at 
that  poiDt  dtvided  by  the  depth  or  the  web.*  The  total  mncsER  of  rivets 
^ctween  that  section  and  the  nearer  end  must  be  such  that  their  combined 
Rattance  to  shearing  or  bearing,  whichever  has  the  lower  value,  shall  equal 
Das  hodsootal  flange-stress  at  the  section;  or 

[  ,        ,   .  horisontal  flange-stress  .  . 

}  number  of  nvets  -  r — : r-:—. r—r  (s) 

I  bearing  or  shearing  of  one  nvet 

pd  the  total  number  of  rivets  in  the  web-angle  from  end  to  end  is  twice  this,  or 

•      ,        ,         ,   .  2  X  maximum  bending  momentf  in  foot-pounds    ,^. 

I  total  number  of  nvets  - -; r— ; — .  .    ^    , — ; rz ■; : —  (6) 

t  depth  of  web  m  feet  X  least  resistance  of  one  nvet 

If  the  xuxBER  of  rivets  determined  by  formula  (6)  is  such  that  they  would* 
more  than  6  in  apart,  then  the  number  must  be  increased,  as  in  no  case 
they  have  a  greater  pitch  than  6  in. 

"Bints  in  Flange-Lega  of  Angles.    With  a  single  cover-plate.    For 
with  a  single  cover-plate,  it  is  customary  to  put  the  same  number  of 
rets  in  the  flange-leg  as  in  the  web-leg  for  a  distance  of  $  ft  from  the  ends  of 
girder,  staggering  the  rivets  as  in  Fig.  15.    Beyond  that  point  to  the 
of  tlie  girder  one-half  the  number  of  rivets  will  be  sufficient,  provided  this 
not  give  tliem  a  greater  pitch  than  6  in. 

OH  TWO  OR  MORE  COVER-PLATES.    When  two  or  more  cover-plates  are 

each  plate  must  have  sufficient  rivets  between  the  end  of  the  plate  and  the 

nhere  its  resistance  is  required,  that  is,  for  example,  between  a  and  &» 

13,  to  transfer  to  the  angle  and  flange-plates  between,  an  amount  equal 

HE  SAFE  STRENGTH  OF  THE  PLATE.    From  this  point  to  the  middle  point  of 

Cirder,  the  rivets  can  be  spaced  according  to  the  rule  for  the  greatest  pitch. 

\U)  Uvets  in  Stifleners.    The  spacing  of  rivets  in  the  stiffeners  is  generally 

by  the  rules  given  for  the  pitch  of  rivets.    Further  explanation  of 

tioethod  of  determining  the  spacing  of  rivets  will  be  found  hi  the  following 

^(4)  The  Approximate  Weight  of  the  Girder.    In  determining  the  size  of 
girder  to  support  a  given  load,  it  is  desirable  to  be  able  to  add  to  the 

*  ^  FonnuU  (i),  page  683,  and  foot-note  relating  to  ft.  M  «  SAd,  and  hence 
»  M/d,  SA  being  the  total  amount,  in  pounds,  of  the  tendency  to  slide,  and  S  being 

rleriaoDtal  unit,  flange,  fiber-stress  in  pounds  iter  square  in,  due  to  flexure.  A  is  the 
ill  aqsaie  indies  of  the  cxoss-sectfon  of  the  flange  and  d  Is  the  approximate  depth  of 

Bec^Bse  the  maximum  horizontal  flange-streas  is  equal  to  the  maximum  bending 
divMlAd  by  the  cxTder-denth,  or  SmaA  »  Mnaz/d* 
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mperimpoaed  load  the  weiort  of  the  gixoer  itself,  as  this  often  forms  a  i 
siderable  part  of  the  load  to  be  supported.  The  following  empirical  rule 
often  used  to  determine  the  approximate  weight  of  a  plate  or  box  girder: 

Weight  of  girder  between  supports,  in  tons  «  Wl/700 

in  which  W  equals  the  load  to  be  supported,  in  tons,  and  /  equals  the  spai 
feet.  The  constant  700  was  determined  for  girders  of  from  35  to  50  ft  long, 
may  be  used  without  much  excess  for  girders  of  shorter  spans. 

(5)  The  Determination  of  the  Lengths  of  the  Flange*Plates.  Foi 
methods  used  to  determine  these*  see  the  following  eiampW. 

4.  Explanation  of  Tables 

The  CaleulatioBS  for  the  Design  of  Ri?eted  Girders  may  be  gp 

facilitated  by  the  use  of  Tables  I,  II,  III  and  IV  at  the  end  of  this  chapt 

Table  I  gives  the  sectional  area  that  should  be  deducted  for  rivet-hol 
plates  of  difiFerent  thicknesses.  In  computing  this  table  H  in  was  added  t 
diameter  of  the  rivet  to  allow  for  the  injury  to  the  metal  caused  by  puni 
and  also  to  allow  for  the  expansion  of  the  heated  rivet. 

Table  n  gives  the  safe  shearing  value  for  web-plates  for  various  depths 
thicknesses,  and  the  deduction  to  be  made  for  each  H-in  or  ^^in  rivet. 

TaUe  m  gives  the  safe  resistance  to  buckling  per  square  inch  of  net  sec 
and  also  the  total  safe  resistance  in  pounds  for  the  more  common  sizes  of 
plates,  with  two  rivet-holes  deducted.  It  is  very  seldom  that  any  vertica 
'tion  between  the  stiff eners  contains  more  than  two  rivet-holes.  Tables  g 
the  dimensions  and  properties  of  angles  will  be  found  in  Tables  XI  and 
pages  362  to  367,  and  the  shearing  value  and  bearing  values  of  rivets  are 
in  Tables  II  and  III,  pages  418  and  419. 

Table  IV  gives  the  elements  of  riveted  plate  girders  of  various  depths^ 
which  it  b  possible  to  select  economical  sections  for  almost  any  ordinary  1 
tion  of  loacHng. 

tf.  Examples  of  Plate  and  Box  Girders 

Ezamfde  z.    It  is  required  to  support  the  floor  over  a  room  50  by 
meaas  of  riveted  steel  plate  girders,  placed  across  the  room,  16  ft  on 
The  room  above  is  to  be  used  for  general  assembly  purposes.    The 
are  of  wood  and  there  is  a  plaster  ceiling  on  the  under  side  of  them. 
of  the  girder  is  required. 

First  Step.    The  Load.    The  first  step  is  to  determine  the  load  to  be  st 
by  each  girder.    The  floor-area  supported  by  each  girder  is  50  by  z6  ft» 
it     The  weight  of  the  floor-construction  between  the  girders  will  not 
25  lb  per  sq  ft,  and  an  allowance  of  xoo  lb  per  sq  ft  for  the  live  loac 
ample.    The  unit  load,  125  IbX  800  »  100  000  lb,  or  50  tons,  the  U 
carried  by  the  girder.    To  this  should  be  added  the  weight  of  the 
Substituting  in  Formula  (7), 

the  approximate  weight  ot  the  girder  — »■  3.57  tons,  or  about ' 

700 

and  the  total  load,  in  round  numbers,  is  107  000  lb.    This,  of  coi 

formly  distributed. 

*  From  "Compound  Riveted  Girdea.'*  by  W.  H.  fitrkmtra. 
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Stop.  The  Flaage-Area.  The  next  step  is  to  determine  the  flange- 
lb.  Before  this  can  be  done,  however,  the  width  and  depth  of  the  girder 
BR  be  decided.  As  it  is  desirable  to  keep  the  girder  as  shalbw  as  possible, 
insistent  with  good  engineering,  the  case  will  be  considered  an  exceptional 
ittand  the  depth  of  tne  web-plate  will  be  made  36  in.  which  is  about  one> 
^KBth  the  span  and  a  little  less  than  the  usual  limit. 

f  As  the  girders  are  braced  sidewise  by  the  floor- joists,  it  will  not  be  necessary 
i  Bake  the  width  of  the  flange-plates  one-twentieth  the  span  of  the  girder, 
■d  it  may  be  made  12  in  width.  The  flange-area  may  be  determined  by 
■raiula  (i),  page  683,  and  is 

A  -  Mmix/dS 

-  /     .  X       maximum  bending  moment  (ft-tons) 

flange-area  (sq  m)  -  - — r— ; — ^  ,,  ,  °     ^ 7-^ 

depth  of  web  (ft)  X  o  (tons  per  sq  m) 

maximum  bending  moment  for  a  uniformly  distributed  load  on  a  simple 
is  if  max  »  Wl/S  (Case  V.  page  326),  or  in  this  particular  case,  53.57 
X  50  ft/8  -  334-8  ft-tons. 
value  of  5  *  has  varied  in  the  handbooks  from  6  to  8  tons,  depending 
varying  conditions  and  upon  the  judgment  of  engineers.  A  value  of  5 
tons  or  16  000  lb  per  sq  in  is  the  requirement  of  the  new  New  York  Building 
and  fji  the  codes  oi  most  cities.  In  this  examjide  14  ooo  lb  per  sq  in  is 
for  5. 
ting  this  value  in  the  formula  gives  for  the  net  area  of  either  flange^ 
/(3  X7)  -  16  sq  in, 
opper  flange  may  now  be  designed.  For  a  girder  of  this  size  and  loaded 
way,  it  will  be  advisable  to  try  two  5  by  3Vi  by  Me-in  angles,  with  the 
legs  horizontal.t  The  sectional  area  of  these  angles  (Table  XI,  page  36  s) 
sq  in  which  leaves  9  sq  in  for  the  area  of  the  flange-plates.  Dividing  this 
the  width  x)f  the  flange,  gives  H  in  for  the  total  thickness  of  the  plates, 
may  be  made  up  of  two  H-in  thick  plates.  Of  course,  any  other  combina- 
f  plates  and  angles  having  an  area  of  cross-section  of  16  sq  in  will  fulfill 
£0Qcfition3  of  the  problem,  the  selection  in  all  cases  depending  upon  the 
^nd  experience  of  the  designer.  Note,  also,  that  no  part  of  the  web 
included  in  the  flange-area  although  it  would  be  safe  to  include  one- 
it.  This  also  is  a  matter  of  individual  opinion. 
i  lower  flange  is  in  tension,  the  rivet-holes  should  be  deducted  in  order 
the  net  area.  Assuming  that  ?i-in  diameter  rivets  are  used,  it  will 
that  the  greatest  loss  of  section  is  by  two  rivet-holes  opposite  each 
connecting  the  angles  with  the  plates  of  the  bottom  flange.  From  Table  I, 
,  the  area  of  two  H-in  rivets  in  a  ^-in  plate  is  1.3 1  sq  in,  and  in  a 
the  same  thickness  as  that  of  the  angles,  it  is  0.76  sq  in.  The  sum 
b  -be  thicknesses  b  2.07  sq  in.  which  must  be  added  to  the  net  area  of  the 
I  'wlangr-plates,  16  sq  in,  making  18.07  sq  in  for  the  gross  area  of  the  lower 

^  B.  in  Chapter  XV,  paragraphs  and  foot-notes,  page  603,  relating  to  fiber-stresses 

jfbig  for  rivtttd  beam  girders,  etc. 
^  ^the  flange-angles  of  plate  girders  the  5  by  sH-in  size  is  most  commonly  used, 
flange-plate  is  13  in  wide,  and  6  by  4-in  angles  when  the  flange-plate  is  over  la  in 
'or  boat  girders  5  by  4.  5  by  3H.  4  by  3W  and  3H  by  3H-in  are  common  sizes; 
very  heavily  loaded  girders,  requiring  two  rows  of  rivets  in  the  web-leg,  6  by 
are  often  used.    For  most  riveted  girders,  in  which  only  one  row  of  rivets  ia 
the  short  leg  is  riveted  to  the  web,  so  as  to  bring  most  of  the  material  as  far  from 
is  of  the  girder  as  possible.    The  minimum  thickness  of  flange-an^es 
H  xn»  and  the  msrimiim  thickness  foe  ordinary  loads  is  ^4  in. 

1 
1 
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miy  be  obtained  by  iHrpating  the  tbi 


fiingp-rilitn.    TM*  addltiooal 
nesa  of  the  plates  to  H  in. 
Tbe  Saogm  wttl  then  be  made  up  w  folloin: 

Upijer  flange:  Ti 


I  5  by  jli  by  Jl 


Lower  flange:  Two  angles,  5  by  i\-i  by  I 
Two  plales,  11  by  (Via 
Total 

TUid   Sup.    Tb*  L«n|tb   a< 
necessary  to  plot  Ihe  bendng-oioiiient  diagram  ^towa  fai  Hg.  13.    Tbe  beudu) 


mtment  cfiagram  for  a  ^rder  under  a  uniformly  distributed  load  la  bounded 
a  poiabab  having  a  height  ova  the  midiltc  of  the  girder  equal  to  tbe  maxim 
bciidiiiit  muincnt.  Frooi  the  middle  point  C,  of  a  horizontal  line  AB,  u  j 
ConvenicDl  icale,  lay  off  a  vertkol  line  CD,  equal  to  tbe  maritnum  liiiml 
Boment.  iu.i  (t-tons,  Conattuct  the  parabola  ADB  (ace  pMe  79):  tbe« 
beading  moment  at  any  other  pi^t,  as  E,  ii  cqnal  to  the  oldiDatc  EF  mit 
that  poiul,  meaiuied  to  tbe  saote  acaJe. 
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To  fiDd  the  tfaeoretical  length  of  the  flange-plates  of  the  lower  flange,  inclose 
tfae  bendiog-momsnt  diagram  in  a  rectangle  and  from  any  convenient  point, 
axfa  as  C,  lay  off  any  line  CG,  equal  to  the  total  flange-area,  19  unit^  in  length, 
lod  at  »uch  an  angle  that  the  upper  end  G  will  lie  on  a  horizontal  b'ne  drawn 
thnogb  D.  Divide  the  h'ne  CG  into  three  parts.  CS  representing  the  sectional 
■a  of  the  angles,  equal  to  7  units,  and  HI  and  IG  representing  the  .sectional 
JR8  of  the  two  plates,  equal  to  6  units  each.  Draw  horizontal  lines  through 
MaaiJ;  then  the  line  J  J  will  represent  the  theoretical  required  length  of  the 
iKood  or  upper  flange-plate  and  the  line  KK  the  length  of  the  first  or  lower 
lao^plate.  In  practice,  however,  the  plates  are  usually  extended  beyond  the 
pobts  J  and  J^  on  each  side  as  an  additional  factor  of  safety,  a  distance  suflS- 
to  take  enough  rivets  to  transmit  at  least  one-third  the  resistance  of  the 

te.  It  is  also  customary  to  make  the  first  or  lower  flange-plate  the  full 
of  the  girder  as  it  greatly  stiffens  the  angles  and  adds  but  a  small 
pBoust  to  the  cost.  Theoretically  the  length  of  the  flange-plates  of  the  top 
fbfige  would  be  less  than  the  length  of  the  plates  of  the  lower  flange,  because 
the  dange-area  of  the  top  flange  is  less  than  that  of  the  lower  flange;  but  they 
IB  Bsoally  made  the  same  length. 

Fsarlk  Sfeepu  The  Web.  Webs  are  proportioned  to  resist  the  shear.  The 
JMirirmiin  shearing-stress  in  a  girder  uniformly  loaded  is  equal  to  either  reaction, 
hlidi  m  this  case  is  one-half  the  total  load,  or  53  500  lb.  As  the  girder  is  3  ft 
mep,  this  small  shear  would  require  a  veiy  thin  section,  thinner  than  the  min- 
poD  tMckness  for  webs,  which  is  fi  in.  From  Table  II,  page  703,  it  is  seen 
Ibt  the  shearing  resistance  of  a  H  by  36-in  web-plate  is  135  000  lb,  which  is 
peatly  in  excess  of  the  actual  shear. 

'  nih  Step,  The  Stiifeners.  As  before  explained,  stiffeners  will  be  required 
bfcnever  the  vertical  shear  exceeds  the  safe  resistance  of  the  web  to  buckKng. 
tk  vertical  shear  is  53  500  lb  and  the  resistance  to  buckling  may  be  found  from 
Ubk  ni,  page  705.  This,  for  a  H  by  36-in  web  with  two  H-vn  rivets  is  found 
iibe  31  560  lb;  hence  stiffeners  will  have  to  be  used.  As  stated  under  Buckling 
if  Wds,  page  686,  the  spacing  of  stiffeners  is  more  a  matter  of  judgment  and 
bnience  than  of  exact  calculation,  and  for  this  a  shear-diagram,  also  shown 
■  f\g.  12,  is  of  great  assistance.  It  may  be  constructed  as  follows:  On  a 
briamtal  line  LM,  lay  off  to  any  convenient  scale  vertical  lines  LN  and  MP, 
bdt  representing  53  500  lb.  Connect  the  points  N  and  P;  then  the  vertical 
par  St  any  point  is  equal  to  the  ordinate  at  that  point,  measured  to  the  same 
Thus,  at  X\,  3  ft  from  the  left  end,  the  shear  is  47  500  lb,  at  Xt,  6  ft 
I,  it  is  40  500  lb,  at  Xtt  9  ft  from  £,  it  is  34  000  lb  and  at  A'4,  12  ft  from 
it  is  27  500  lb.  As  the  vertical  shear  at  Xt  is  greater  than  the  safe  resist- 
to  buckling  and  at  ^4  less,  it  might  be  safe  to  stop  the  stiffeners  at  X4; 
2&  the  floor- joists  are  framed  flush,  or  nearly  so,  with  the  top  of  the  girder, 
rest  upon  angles  riveted  to  its  web,  it  will  be  advisable  to  put  about  3 
between  X4  and  the  corresponding  point  on  the  right-hand  half  of 
girder.  Additional  stiffeners  should  be  placed  directly  over  each  support, 
15  stiffeners  on  each  side  of  the  girder.  These  will  be  made  of  4  by  4 
H-in  angles. 

Stepu    The  Nttmber  and  Pitch  of  the  Rivets.    First,  the  number  of 
in  the  web  will  be  considered.    As  a  rivet  is  required  at  the  end  of  each 
;  it  will  be  necessary  to  determine  the  number  and  spacing  of  the  rivets 
each  pair  of  adjacent  stiffeners.    In  the  web,  the  rivets  are  in  double 
In  Tables  II  and  III,  pages  418  and  4i9»  values  are  given  based  upon 
JyariTig  values  of  7500  and  10  000  and  bearing  values  of  15000  and 
000  B>  per  sq  in.    (See  foot-notes  with  these  tables.)    The  shearing  resistance 
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of  a  H-in  rivet  at  lo  ooo*  lb  per  sq  in  is  4  420  X  2  ^i  8  840  lb  for  double  she 
and  the  bearing  value  of  the  same  rivet  in  a  H-in  plate,  at  20  000  *  lb  per  sq 
is  5  630  lb.  As  the  bearing  value  is  the  smaller,  it  will  determine  the  numl 
of  rivets  required. 

The  number  of  rivets  from  either  end  of  the  girder  to  any  point  depends  u{ 
the  horizontal  flange-stress  at  that  point,  and  it  has  been  shown  that  the  flan 
stress  is  equal  to  the  bending  moment  divided  by  the  depth  of  the  web.  (! 
foot-notes  with  Equations  (5)  and  (6).)  Scaling  off  the  bending  moment  abi 
the  point  Xi  gives  75  ft-tons;  hence  the  horizontal  flange-stress  is  equal  to  75/ 
25  tons  "  50  000  lb.  The  number  of  rivets  required  between  this  point  and 
left  reaction  is,  from  Formula  (5),  equal  to  50000/5  630-  xo  riv^s,  which 
to  be  spaced  in  a  distance  of  36  in,  making  the  spacing  3.6  in.  Above  Xt 
bending  moment  scales  141.24  ft-tons,  the  flange-stress  is  141. 24/3  »  47.o8t< 
or  94  160  lb,  and  the  number  of  rivets  required  between  Xt  and  i4  is  94  x6o/s* 
>  17;  but  10  of  these  are  required  between  Xi  and  A^  leaving  7  to  be  pb 
between  Xi  and  Xt  in  a  distance  of  36  in  making  the  spacing  5.1  in.  At  Xt, 
bending  moment  scales  197.4  ft-tons,  and  the  flange-sttess  is  197.4/3  •-  65.3 1( 
or  130  600  lb.  The  number  of  rivets  required  is  130  600/5  630  *  24,  but  i\ 
these  are  required  between  Xt  and  A,  leaving  7  to  be  placed  between  A'ti 
A's,  making  the  spacing  the  same  as  in  the  second  panel.  At  X4  the  bene! 
moment  scales  243.96  ft-tons,  and  the  flange-stress  is  243.96/3  "81.32  ton 
162  640  lb.  The  number  of  rivets  required  is  162  640/5  630  ■>  30^  but  2a 
these  are  required  between  Xt  and  A,  leaving  6  to  be  placed  between  Xt  and 
in  a  distance  of  36  in,  making  the  spacing  6  in.  As  this  is  the  maximum  spat 
allowed,  it  will  be  used  from  Xa  to  the  corresponding  point  on  the  oppa 
right-hand  half  of  the  girder.  The  same  number  of  rivets  wiU  be  used  in 
flange-legs  of  the  angles  as  in  the  web-legs,  but  they  will  be  spaced  so  1 
they  will  come  between  those  in  the  web. 

The  outer  flange-plate  scales  28  ft  6  in  in  length  in  the  bending-moment 
gram,  but  this  length,  as  before  stated,  should  be  increased  sufficiently  to  1 
enough  rivets  to  transmit  at  least  one-third  of  the  resistance.  The  area  oi 
plate  is  H  in  X  12  in  a  6  sq  in,  minus  the  area  of  two  H-in.  rivet-holes»  0.8 
in  (Table  I,  page  702),  leaving  a. net  area  of  5.13  sq  in.  The  resbtanc 
the  plate  is  therefore  equal  to  5.13  sq  in  X  14  000  lb  per  sq  in  »  71  820  lb.  < 
third  of  this,  or  23  940  lb,  must  be  transferred  by  rivets  placed  beyond 
points  J  J.  As  the  rivets  in  the  flange  are  in  single  shear,  the  shearing  v 
of  one  rivet  in  single  shear,  4  420  lb,  will  govern.  The  number  of  rivets 
quired,  then,  is  23  940/4  420 1^  6,  or  3  in  each  angle.  The  ^>acing  of  the  li 
in  this  panel  is  6  in.  The  plates  will  therefore  be  extended  18  in  on  either 
oiJJ. 


*  The  shearing  value  of  rivets  is  taken  at  from  7  000  to  12  000  lb  per  sq  in 
bearing  value  at  from  1 2  000  to  34  000  lb  per  sq  in.  The  usual  values  are  10  000  I 
shear  and  20000  or  24  000  lb  for  bearing.  Values  of  12  000  lb  for  shear  and  24  o 
for  hearing  are  the  requirements  of  the  New  York  Building  Code  A  bearing  ^ 
other  than  those  of  Tables  II  and  III,  pages  4x8  and  419  is  purposely  used  in  this  cxai 
as  It  is  frequently  necessary  to  use  different  unit  stresses  than  those  from  which 
particular  table  has  been  computed.  If  no  other  table  is  at  hand  for  the  values  based 
some  particular  rivet  bearing-stress.  Tables  II  and  III,  pages  418  and  419, 
be  used  and  the  new  value  found  by  proportion;  or  the  beariog-stre^  ca 
found  by  multiplying  the  product  of  the  diameter  of  the  rivet  and  the  t 
Mess  of  the  web  by  the  new  unit  stress  In  this  example.  Table  III.  page 
gives,  for  18000  unit  stress.  5060  lb  for  bearing;  *96  of  this  gi\'es  56: 
for  a  20000  unit  stress.  Also,  H  in  by  H  in  by  20000  lb  persqin  » 
lb. 
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Wkw.  At  the  total  ItnieUi  of  the  girder  u  but  S3  ft,  it  will  not  br  ncccnuir 
k  vUx  the  webs  or  tbe  flanges,  becauie  the  extreme  length  of  a  M  by  36-01 
|htci>  no  (t  Mod  of  a  11  by  O-ia  pUle,  90  ft.*  It  'a  never  neceuary  to  splice 
n^  u  Chey  are  rolled  in  lengths  up  to  90  ft.  la  very  long,  deep  gtrden, 
imta.  it  is  sometiines  necessary  to  spike  tbe  web,  and  (he  jouit  is  sometimei 
Wlc  It  tbe  middle,  as  tbeocctically  there  ii  no  verticil  aheaiing-stiess  in  the  web 
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tt  tlHt  point  when  the  load  is  uniformly  distributed.  Generally,  however, 
k  vcb  is  spliced  in  two  places,  equidistant  from  the  middle  of  the  girder. 
Ik  ipiict  is  calculated  for  vertical  shear  only,  the  rule  being  to  divide  the  shear 
f  <hc  splice  by  the  safe  sbeariug  value  or  bearing  value  of  one  rivet,  Thii 
fna  (he  number  of  rivels  required  on  each  side  of  the  splice-pk(e,  un1e»  (be 
■mnum  pitch  a  exceeded,  when  more  are  added. 
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Fig.  11.    Flu  ol  Splice-plate.    Eiuiqde  t 

1  ncmet  a  splice  is  required  in  a  flange-plate,  it  should  be,  if  possible,  a(  a 
pit  i»u  beyond  the  end  of  the  plate  above  it.  The  joint  must  be  made  by 
pttiBg  to  tbe  qiliced  plate,  a  plate  of  tbe  same  thiclmess  and  of  luffident  leoglli 
■  Rceivc  a  number  oi  rivets  on  each  side  of  (be  joint  equal  to  the  strength  of 
It  phle  that  is  spliced.  When  the  flange  is  made  up  of  two  plates  of  the  same 
IktaM,  tbe  simplest  method  of  spUdog  the  inner  plate  is  as  shown  in  Fig.  13. 


BtdaoteUie  theoretical  position  (rf  tbe  end  of  the  outer  plate,  as  determined 
■  ■'-  bendlng-moment  diagram,  and  a  the  point  to  which  the  plale  must  be 
d  to  receive  rivets  of  a  resistance  equal  to  one-third  the  strength  of 
le.  Then  let  the  joint  in  the  inner  plale  be  just  over  a  and  extend  the 
late  to  i,  ot  such  a  distance  that  it  can  receive  a  number  of  rivels  equal 
taoce  to  tbe  strength  of  one  p1a(e. 

koisM,  |gc  cumple,  ue  Uken  fiom  tfcc  ukle 
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a  the  forcKoins  tain 


Ths  Bin  t<  QiuuUdu  for  Uu  Olrd«c.     The  I 


jUowin^  u  I.  bi[l  of  quantilie 
for    the    CQustiuctioG    of  thi 

Li»d:  loo  ooo  lb,  uniFoiinl] 
distributed.       Sp&a     yt    It 
Depth  3  ft 
Upper  flinge: 
Two  aaglt*,  S  by  3M  b; 

K.  in.  5j  ft  long 
One  pl>te  la  by  H  in.  X 

One  plate,  11  by  H  in.  3 

ft  e  in  long 
Lover  flange; 

Two  aoglcs,  5  by  jii  I; 

T5.  in.  Si  ft  long 
One  plate,  u  by  »  in,  5 

Ft  o  in  long 
One  plate,  11  by  Vi  in,  3 

ft  6  in  long 
Web: 
One  pUte.  36  by  H  in,  j 

ft  oin  long 
30  stiSenen.  4  by  4  b 

H-in  angles,  1  ft  11  I 


-Wie- 


a-fdates,  4  by  It  u 


porting  Boor-joUts 
Rivets' 

H  in  in  diameter 

Bundle).    Thewall^lMia 

In  Fig.  letstobesupponeilt 

a  riveled-sleel  box  girder  at  tl 

'    height   indicated.      It    is    T 

quired  to  design  the  ^rdcr. 
FirM  9te«.  Ttw  L«d.  The  first  step  towants  desfmttng  the  tdnfrr  U  Ibe  d 
terminilion  of  the  load.  The  apace  under  the  lower  windovs  is  too  small  to  dl 
tribure  the  weight  from  the  pitrs  uniformly  over  Ihesirrler,  so  I  hat  iht  orUy  sa 
nssumplion  a  thai  the  weJRht  of  the  wall  between  the  Iinc3  A  and  B  ii  ntnce 
(rated  at  Pt,  the  weight  of  wall  between  lines  B  and  C  at  P,  and  so  on.  Tl 
floor-joi«i  run  acro«  the  building,  50  (hat  only  the  weight  of  the  wall  wiH  I 
supported  by  the  girder.  Allowing  joo  Ih  per  square  foot  of  face  for  the  11- 
wall  and  ifis  lb  for  the  I7'in  wall,  both  walls  brini  plastered  on  the  in^<)e: 
Load  at  Px 


H>:3 


■i'lX 
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eo5 


MiitPt 

Jl7'4"Xio'-4'6''X7'o'1X200-    8366)       ^^^,, 

l{7'4"X4o'-(4'6''Xi4'+4'9"X7')lXi6s- 32  354  J  " '*^^'* 

■d  at  Pa  >-  that  at  Pt  - 40  720  lb 

idatP4 

(.Vii"Xio'-2'3"X7lXaoo- 6683?   .,„,^o,u 

1U'ii"X4o'-(2'3"Xi4''f3'a"X7')lXi6s-....2359Sy       ^    ^" ^^ 
Total  load  on  girder  * 144  863  lb 

t34  tons 

on  Equation  (7) 

(Kmnamate  weight  of  girder  — ■• ■■  2.5  tons,  or  5  000  lb 


700 


700 


iMt  ooe-third  of  this«  or  say  i  600  lb,  should  be  added  to  Pt  and  P9,  and  900  lb 
\Fi  and  P4.  This  will  give,  approximately,  the  following  Wads,  applied  as  in 
►  17: 

Pi  —  34 000  lb       Pt "  42  300  lb 
I  Pa -"42  300  lb        P4-3i20olb 


?4 


''*-   ■!■     ^*-—Vi_ 


_____o c .___^^^d    I 


Ftg.  17.    Diagram  for  Bending  Moments.    Example  a 

Step.  The  Determination  of  the  Maximum  Bending  Moment.  By 
of  the  formula  under  Case  VT,  page  327,  the  maximum  bending  moment 
-pounds  for  the  loads  are  found  to  be  as  follows: 

For  Pi,  Jf max  -  ..;.:,, '      - 47 980 ft-lb 


For  Pxf  ^aiax  =" 
For  P»,  M max  •- 
For  P4,  ^max  ** 


24    10 

42  300X8'n''Xis'ii" 

24'  10" 
H2  300Xi6^3"X8"7^' 

24'  10" 
3iaooXi'4"X23'6" 


24  xo 


// 


—  242  000  ft-lb 
■"  237  900  ft-lb 
-» 39  420  ft-lb 


these  moments  to  a  scale,  as  explained  for  Fig.  15,  page  329,  the 
-moment  diagram  shown  in  Fig.  17  *  is  obtained.    The  maximum  bend* 

s  benfiog  moments  in  this  diagram  are  drawn  to  a  scale  of  about  400  000  ft4b 
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log  moment  is  at  Pt,  over  the  longest  ordinate  bb  and  where  the  vertical  si 
is  zero,  and  is  equal  to  the  length  of  the  ordinate  bb,  which  scales  418  000  i 
or  209  ft-tons. 

Third  Stei>.    The  Determiaation  of  the  Flange-Area  and  the  Length  ol 
Cover-Platea.     Before  these  can  be  determined,  the  depth  of  the  web-^ 
must  be  decided.    As  there  is  nothing  to  limit  the  depth  of  the  girder,  it 
be  made  about  one-tenth  of  the  span,  or  30  in.    Then  by  Fonnula  (i), 
683,  A  ■"  MmAx/dS,  and  using  14  000  lb  or  7  tons  per  sq  in  for  5, 

the  {jross  area  of  upper  flange  «  209/2.5  X  7  "■  12  sq  in 

As  the  thickness  of  the  wall  to  be  supported  is  21  in,  the  flange-plate  mu 
at  least  20  in  wide  and  not  less  than  H  in  thick.    The  sectional  area  of 
by  20-in  plate  is  7H  sq  in,  leaving  4Vi  sq  in  to  be  made  up  by  the  ai 
The  sectional  area  of  two  5  by  3H  by  ^s-in  angles  is  7.06  sq  in  (Tabic 
page  363),  which  leaves  a  small  excess  for  the  lower  flange.    For  rivets 
in  diameter,  the  loss  in  area  due  to  two  rivet-holes  in  a  H-in  plate  is  (Tal 
page  702)  0.65  sq  in  and  in  a  Ms-in  plate,  the  thickness  of  each  angle,  0.76  j 
making  1.41  sq  in  in  all,  for  which  the  excess  in  the  angles  is  more  than 
cient.    The  width  of  the  flange  being  more  than  one-twentieth  the  span  n 
lateral  support  unnecessary. 

Fourth  Step.  The  Webt  and  Stiffeners.  The  maximum  shear  is  equal  t 
maximum  reaction  which  in  this  case  is  obviously  equal  to  the  left  rea< 
Taking  the  center  of  moments  at  the  right  reaction,  the  equation  of  momeu 

^1  X  24.83'  -  (17  tonsX  23.33O  +  (21.15  tonsX  iS-9iO  +  (21.15  tansX  8.; 
+  (15.6  tonsX  1.33O 
whence  24.83  X  ^1  -  935-3215  ft-tons  and  Ri  -  37-669  tons»  or  75  338  lb. 
that  the  loads  have  been  changed  from  pounds  to  tons,  for  convenience  in 
ing  the  calculations.    As  this  box  girder  has  two  webs,  the  maximum  she 
each  web  will  be  37  669  lb.    The  thinnest  web  permissible  is  H  in  thick. 
Table  II,  page  703,  the  resistance  of  a  H  by  30-in  web-plate  to  sheari 
I T  2  500  lb,  so  that  the  webs  are  amply  safe  in  resisting  vertical  shear. 
Table  III,  page  705,  the  safe  resistance  to  buckling,  deducting  for  two 
rivets,  is  33  830  lb.    As  this  is  less  than  the  maximum  shear,  stiffens- 
be  used,  placed  2  ft  4  in  from  each  support,  with  five  between  them,  no 
the  spacing  about  3  ft  4  in  on  centers.    Two  others  will  be  placed  ovei 
support.    4  by  4  by  H-in  angles  will  be  sufficient  for  the  stiffeners. 

Note.  If  the  loads  were  really  concentrated  at  the  points  Pi,  P-,  et 
from  columns  or  girders,  it  would  be  necessary  to  place  stiffeners  at  eac 
of  these  points  and  two  in  each  of  the  intermediate  spaces,  but  as  the 
loads  are  partly  distributed  it  will  be  better  to  space  them  as  first  plaxuoM 

Fifth  Step.  The  Number  and  Pitch  of  the  Rivets.  The  rivets  in  the 
legs  and  flange-l^s  of  the  angles  are  in  single  shear.  From  Table  III, 
419,  the  shearing  value  of  a  H-in.  rivet  in  single  shear  at  10000  lb  per  si 
4  420  lb,  and  the  bearing  value  in  a  H-in  plate  at ^8  000  lb  per  sq  in  is  5  < 
Hence  the  shearing  value  will  govern.  The  number  of  rivets  required  dc 
upon  the  flange-stress,  which  is  equal  to  the  maximum  bending  m 
divided  by  the  depth  of  the  girder.  (See  Formula  (i),  page  683.)  The  \m 
moment  at  Pi,  found  by  moments  or  graphically  by  scaling  off  the  or 
aa,  Fig  17,  is  56.5  ft-tons.*    This,  divided  by  the  depth  2.5  ft,  gives  22A 

*  This  may  be  found,  also,  by  taking  Pi  as  the  center  of  moments  and  mult 
Ri  -  37  669  tons  by  the  lever-arm  i}^  ft.  The  result  is  56.5  ft-tons.  Tbe  I 
moments  at  tbe  other  loads  may  be  determined  by  taking,  in  each  case,  tlie  a| 
turn  of  the  moments  of  the  external  vertical  forces  on  either  side  of  each  point 
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■]  no  n>.  Tor  the  flange-stress,  or  ii  600  lb  (or  each  web.  The  number  of 
k.  thovfore  (Fmroula  (s),  page  687)  is  21  600/4  430  -  6.  The  distance 
ta  Fi  lo  the  left  reaction  is  iS  in,  which  makes  the  spacing  3  in.  Thtt 
kc4Ueu  at  Pi  is  109.88  (t-tonV>.5  (f  -  Sj.rij  tons,  or  167  900  lb,  and  one- 
|lo(  thE  is  S3  950  lb.    The  number  of  rivets  therefore  is  Sj  950/4  410  •■  19. 

■  f  of  tlKse  ate  leciuired  between  P\  and  Ibe  left  reaction,  leaving  i.^  to  go 
pm  P\  and  Pi,  a  distance  of  S9  in.  makios  the  pitch  about  6,g  in.     As 

■  cnieds  tbe  maiimuni  allowable  pitch,  the  rivets  will  be  spac«l  6  In  on 
ilsi  between  Pi  and  Pt,  and  between  Pi  and  Pt.  Tbe  spacing  OD  the  right- 
aiad  of  tbe  Rirder  will  be  made  the  same  as  that  ou  the  lefL  Some  details 
Pfceprderare  shown  in  Fig.  18. 


jirder.    Emnple  1 

b  I>MaDs  and  Bin  of  Qoutltln  foe  Iha  Olrdtr.    The  loads,  dii 
■r  of  pieces,  etc.,  lor  tbe  girder  are  given  in  the  following : 

D  Th,  I  ft  6  in  from  left  support.    Span:  14  ft  lo  ii 
o  lb,  8  ft  1 1  in  from  left  support.     Depth:  30  in 
s  lb.  3  ft  7  in  from  right  support 
10  lb,  I  ft  4  in  from  right  support 
±  flaogea:    Four  angles,  s  by  iii  by  !(<  in,  ij  ft  6  in  long 
One  plate.  10  by  U  in.  37  ft  6  in  long 
ii  H  by  30  in,  27  ft  6  in  loiig 
^*mty-twD  stiReoers:  4  by  4  by  >i  it),  I9ti  In  long 
I  Twenty-two  tiUer-|Jates:  4  by  Jli  in,  13  in  long 
,:  H  inir 


r.' 


niuit  are  the  dimensions  of  a  boi  girder,  40  ft  in  span,  required  to 
rt  the  folkiwing  loads'    90  tons  front  a  column,  S  ft  from  the  left  support; 

H  from  a  column,  1 1  ft  from  the  right  support;  and  a  masonry  pier,  10  ft 

Blh.  beginning  10  ft  from  the  left  support  and  weighing  4  tons  pet  running 

[See  Fig.  19.) 

■  StefL  Tb«  DetemiiutlaB  of  111*  Reaction*.  Shean  and  Bendiag  llo- 
I.  To  find  either  reaction,  the  center  of  moments  is  taken  at  the  other 
ML  The  equation  of  moments  for  the  left  reaction  is.  therefore,  taking  the 
fri  mofDcats  at  the  right  reaction, 

-A  l>.    _   f,w«  tn-i«  V   ,-,tt"t  J-   r^nt/Yn*  V   ^r  ft't  -L  ^«h   f ^na  V  ^3  M 


Ktnied 


R- (90  ton. 

>^ 

2  ft) + (40 

tons  X)sff)  +  (7S  ions 

40  R 

- 

780  ft-ton 

3andfl,-ii9.stonj 

rliTlnn  the  mo 
at  their  cent 

«: 

UolfortB, 
1  gravity. 

dUtributed  loads  are  treit 

Riveted  Steet  Plate  and  Box  Girden 


Cbap. 

Id  like  huukt,  the  eqiution  of  montenlj  for  the  liftht  reaction  b 

40B.-  (75  toniX  18  ft)  +  {40  toiaX  iS  ft)  +  (90  tonsX  8  ft) 

fiom  vhich 

40A- J4"oft-tons,  and  R,-  Sj-s  tons 

The  grtatest  vertkal  she»r  Vi  tj  equal    to  the  great«  remctJon,  wWd 

119.5  ton».    The  sheainiiagiam  (Fig.  18)  may  be  conitnicted  by  layins  d 


,    Eienxkm  tt  Bo  Girder  and  Dlicnint  kt  Bmitini  MofBenta  ■ 


y  convenient  lule  an  ordinale  equal  in  laigth  ta  119.5  ton*,  'tiitmm 
the  ti^l  oi  poinl  1,  under  the  left  columD,  the  iheaj  U  equal  to  1195. 
.5  tuns.  It  i^  the  same  at  point  2.  the  left  end  of  the  wall.  At  pt^ttt 
shear  is  119.5-90-  40--10.J  Vans,  showing  tl 


r  passes  through 
Q  beading  m 
11-4  ft  from  A.    It 


and  J.  Tihich  is  thf  ^ 
1.  This  point,  X,  is  by  soiling  the  sbea.i-<Si 
It  the  pojot  of  iuteriectioo  of  the  &' 
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be  sfanrHfiagnm,  with  the  horizontal  Jine  of  refetenos.  This  tUnting  line 
kdiavn  from  the  top  of  the  shear-ordinate  for  point  2  to  the  bottom  oi  the 
par-oitiiiiate  for  point  3.  Just  at  the  light  of  point  4,  the  shear  is  119.5  — 
i~  40—  75  ■*  ^85.5  tons,  the  same  as  the  right  reaction.  The  point  X,  of  no 
kar  and  maximum  bending  moment,  may  be  found,  also,  as  follows:  At  the 
P  d  poiDt  2  the  shear  is  29.5  tons.  One  foot  to  the  right  of  2  it  b  29.5 
^-4  tons«>  25.5  tons.  Two  feet  to  the  right  of  2  it  is  29.5—  8  tons-* 
tS  tons,  etc  Therefore,  since  the  shear  decreases  at  the  rate  of  4  tons  per 
hoc,  it  will  be  zero  at  29.5/4  or  7*4  ft  at  the  right  of  2,  or  17.4  ft  from  Ri. 
\  Ibe  maximum  bending  moment  is  at  JC,  the  point  of  no  shear.  The  equation 
ttaoments,  considering  the  forces  to  the  left  of  X,  is 

(119.5  tons  X  17-4  ft)  -  (90  tons  X  9-4  ft)  -  (4  tons  X  7^  ft  X  7-4  ft/a) 

kji  15  the  distance  from  X  to  the  center  of  gravity  of  the  wall-load  to  the 
of  X.  and  is  the  lever-arm  of  that  load,  consifiered  as  a  vertical  downward 
coBCcnt  rated  in  a  single  line  of  action.    Hence 

MmaJL  "  2  079.3  —  846  —  ZO9.5  «  I  123.3  ft-tons 

Tbtt  bending-mcHnent  diagram  may  be  constructed  by  laying  off  at  X,  at  any 
tt  scale,  an  ordinate  XC  equal  to  i  123.8  ft-tons  in  length.    It  Is  neces- 
to  find  the  bending  moment  at  other  points,  since  the  bendlng-moment 
cannot  be  plotted,  as  in  the  previous  examples,  because  the  uniform 
B  not  distributed  over  the  entire  girder.    The  other  critical  points  are  i, 
and  4. 

i  -  (119.5  tons  X  8  ft)  -  956  ft-tons 

-  <^ii9.5  tons  X  10  ft)  —  (90  tons  X  2  ft)  ■•  i  015  ft-tons 

-  (i  T9.5  tons  X  20  ft)  —  (90  tons  X  12  ft)  —  (40  tons  X  5  ft)  -  1 110  ft-tons 

-  (129.5  tons  X  28  ft)  —  (90  tons  X  20  ft)  —  (40  tons  X  13  ft)  - 1 026  ft-tons 

laying  off  ordinatea  at  these  points  equal  by  scale  to  the  respective  bending 

dcawing  straight  lines  from  R  to  A,  the  extremity  of  the  ordinate 

I,  and  from  A  txi  B;  drawing  curved  lines  from  B  through  the  points 

D;  and  connecting  D  and  E  and  E  and  Rt  by  straight  lines;  the  bending- 

diagnun  RiABCDERt  may  be  constructed. 

Step.    The  Webe.    As  stated  on  page  683,  it  is  considered  safe  by 

engineers  to  include  one-sixth  of  the  web-area  in  the  flange-area,  and 

vUl  be  done  in  this  example.    The  web,  therefore,  must  be  designed  first. 

is  nothing  to  limit  the  depth  of  the  girder,  it  will  be  made  3  ft<  deep, 

BBC-twelfth  the  span.    The  greatest  vertical  shear  is  equal  to  the  greater 

reaction,  1x9.5  tons.    Since  the  girder  carries  a  brick  wall,  it  must  be  of 

type,  and  hence  the  vertical  shear  on  each  web  is  59.7s  tons.    A  H  by 

web  will  be  tried  first.    Its  area  is  x8  sq  in,  from  which  must  be  deducted 

in  area  due  to  the  rivet-holes  for  the  rivets  through  the  stiffeners.    The 

will  be  placed  the  maximum  distance  on  centers^  making  six  in  each 

Because  of  the  concentrated  loads  near  the  reactions  more  rivets  will 

and  in  order  to  avoid  a  close  spacing,  H-in  rivets  will  be  used. 

Table  I,  page  702,  the  sectional  area  to  be  deducted  for  a  li-in  rivet  in  a 

pbtc  is  0.50  sq  in;  hence  the  net  area  of  the  web  is  18  —  (6  X  0.50)  -  15 

tad  its  shearing  resistance,  at  10  000  lb  or  5  tons  per  sq  in  (Table  II,  page 

fe  15X  5  tons—  75  tons,  which  is  15.25  tons  in  excess  of  the  59.75  tons 

Tlie  Plange-Area.    From  Formula  (i),  page  683, 

T    T  "^  "S    ?S 

the  flange  area,  A  -  Mmmx/dS  «  ~-~-  -  53-5  »q  ^ 

3X7 
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As  the  girder  has  no  lateral  support,  the  flange-width  should  be  not  less  than  < 
twentieth  the  span,  which  will  make  it  2  ft. 
The  upper  flange  may  be  proportioned  as  follows: 

One-»xth  of  net  section-area  of  two  webs  — 5 .  00  sq  in 

Two  S  by  5  by  ^e-in  angles,*  with  section-area  « xo.62sqLn 

Three  M«  by  24-in  plates,  with  section-area  of  13.50  sq 
in  each  - 40.50  sq  in 

Total  section-area  of  upper  flange  «■ 56.  x3  sq  ia 

To  proportion  the  lower  flange,  allowance  must  be  made  for 
the  loss  in  area  due  to  two  rivet-holes. 

From  Table  I,  page  702,  the  area  of  two  H-in  rivet-holes  in 

a  91«-in  plate  (thickness  of  angles)  > i.i2sqm 

Areat  of  two  rivet-holes  in  three  H-in  flange-plates  ». . .       3 .  75  sq  in 

Total  rivet-area  « 4.S7  aq  io 

Hence  the  gross  section-area  of  the  lower  flange  must  be 
53-5  +  4.87  -  58  sq  in. 
This  may  be  made  up  of 

One-sixth  of  net  section-area  of  two  webs  -i 5.0   aqin 

Two  5  by  5  by  ^a-in  angles,  with  section-area  « xo.6a  aq  in 

Three  H  by  24-in  plates,  with  section-area  of  15  sq  in 
each  - 45.00  aq  io 

Total  section-area  of  lower  flanget  * 60.62  sq  ii 

The  length  of  the  flange-plates  is  delermined  from  the  bendins-mo 
diagram.  Draw  a  horizontal  line  through  C  (Fig.  19)  and  at  any  point, 
lay  off  to  any  convenient  scale  and  angle,  a  line  3  Z7  «  60.62  units  ia  lie 
with  its  upper  extremity  on  the  horizontal  line  PG  drawn  through  C.  D 
this  line  into  five  parts:  3  /,  containing  5  units  for  the  web-area;  //,  zo.62 
for  the  angles;  and  JK^  KL  and  LH  of  15  units  each,  for  the  three  plates.  ] 
horizontal  lines  through  the  points  /,  /,  K  and  L  as  shown.  The  horii 
intercepts  of  these  horizontals  in  the  bending-moment  diagram  will  giv 
theoretical  lengths  of  the  flange-plates.  For  practical  considerations,  the 
plate  is  always  carried  the  full  length  of  thegirder  and  the  other  plates  ai 
tended  beyond  the  intersection-points  on  either  side,  a  distance  suffick 
take  enough  rivets  to  transmit  at  least  one-third  of  the  resbtance  of  the  ] 
The  resistance  i4  5,  of  the  outer  plate  is  15  sq  in  X14  000  lb  per  sq  in  ->  a  ro  e 
One-third  of  this,  or  70  000  lb,  must  be  resisted  by  rivets  placed  beyoo 
points  A  A.  From  Table  III,  page  419,  at  10  000  lb  per  sq  in,  the  sfai 
value  of  a  H-ia  steel  rivet  in  single  shear  is  6  010  lb  and  in  a  f(-in  plate  its  b< 
value  at  18  000  lb  per  sq  in  is  9  820  lb.  Hence  the  number  of  rivets  reqnS 
70  000/6  010  «-  12,  or  6  on  each  side.  With  a  2-in  pitch  this  would  lengthl 
plate  12  in  at  each  end.  The  outside  plates  in  this  particular  girder  woi 
extended  far  enough  to  i>ass  beyond  the  base  of  the  column  on  the  left  d 
the  girder. 

*  Angles  with  equal  legs  are  selected  becatise  the  same  namber  of  rivets  wlB 
quired  in  both  legs,  as  they  are  all  in  single  shear,  and  large  angles  are  selected  fe 
the  rivets  will  have  to  be  staggered,  omng  to  the  concentrated  loads  being  placed  1 
the  ends  of  the  girder. 

t  Since  Me -in  plates  arc  selected  for  the  upper  flange,  it  is  reasonable  to  su(qMi 
H-in  plates  will  be  necessary  for  the  lower  flange. 

X  Both  flange-areas  are  nude  slightly  in  excess  of  the  requirements,  because  1 
•aample  one-sixth  of  the  web-area  is  included. 
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Sttp.  The  Stiffenera.  From  Table  III,  page  705,  the  safe  buckling 
ibe  of  a  H  by  36-10  plate  vrith  two  ^-in  riveU  is  63  320  lb,  and  as  this  is 
picb  kn  than  the  shearing  value,  stifTeners  must  be  used.  The  stiffenera 
pkr  the  concentrated  loads  may  be  considered  as  short  struts  in  direct  com^ 
nsBon.  Assuming  that  4  by  4  by  H~in  angles  are  used  for  the  stlffeners,  the 
rie  bad  from  Table  XV,  page  503,  is  over  20  tons.  The  greatest  concen- 
^ted  koad  is  90  tons,  and  hence  four  stiffeners  will  be  placed  under  each 
tbma.  Four  more  will  be  placed  at  each  bearing,  as  shown  in  Fig.  19,  four 
leach  side^  between  the  columns,  about  4  ft  on  centers;  and  two  on  each  side, 
Itaem  the  columns  and  the  bearings^  making  15  on  each  side,  or  30  in  all. 

fSlilh  Stei».  The  Number  and  Pitch  of  the  Rivets.  In  a  box  girder,  the  rivets 
Kin  single  shear.  The  shearing  value  of  a  H-in  rivet  at  10  000  lb  per  sq  in 
^  bam  Table  III,  page  419,  6  010  lb,  and  its  bearing  value  at  x8  000  lb  per 
In,  in  a  M«-in  plate,  the  thinnest  outside  plate,  is  6  880  lb;  hence  the  shearing 
llae  win  govern. 

The  number  of  rivets  depends  upon  the  horizontal  flaqge-stress,  which  is 
tall  to  the  maximum  bending  moment  divided  by  the  depth  of  the  girder 
wmula  (i),  page  683).  If  at  i  >  956  ft-tons,  and  the  horizontal  flange-stress 
^956/3  *  319  tons,  or  638  000  lb.  From  Formula  (5),  page  687,  the  number 
f  nvets  required  —  638  000/6  010  -  xo6,  or  53  on  each  side.  These  are  to  be 
bced  in  a  distance  of  8  ft,  or  96  in»  which  makes  the  pitch  about  z.8  in.  As 
■1  is  less  than  the  minimum  pitch,  2H  in,  or  three  diameters,  the  rivets  will 
pm  to  be  staggered.  Hence  the  justification  for  selecting  large  angles  with 
inl  legs  for  this  paricular  girder.  At  ■  X  the  horizontal  flange-stress  »> 
^i^3  ~  374-6  tons,  or  749  aoo  lb,  and  the  number  of  rivets  is  749  300/6  010 
^124,  or  62  on  each  side;  53  of  these,  however,  are  required  between  Ri  and  i, 
9  to  be  placed  between  i  and  X,  a  distance  of  about  9  ft.  As  the  re- 
pitch  will  exceed  the  maximum  pitch,  they  will  be  placed  6  in  on  centers 
I  and  X.  At  4  the  horizontal  flange-stress  >«  i  036/3  ""342  tons,  or 
lb.  The  number  of  rivets  is  684  000/6  010  —  113,  or  56  on  each  side, 
spaced  in  a  distance  of  1 3  ft,  or  144  in,  making  the  spacing  3.5  in.  Be- 
4  and  X  the  maximum  pitch  will  be  determined  as  before. 

Step.     The  Weight  of  the  Girder.    So  far,  no  account  has  been  taken 

weght  of  the  girder.    The  practice  is  to  neglect  this  weight  when  the  max- 

beofcfing  moment  due  to  it  alone  is  less  than  10%  of  the  maximum  bend< 

due  to  the  loads.    From  Formula  (7),  page  688,  the  weight  of  the 

305  X  40/700  ->  13  tons.    From  Case  V,  page  336,  the  maximum  bend- 

t  due  to  it  *  13  X  40/S  "  60  ft-tons.    As  this  is  much  less  than  10% 

133.8  ft-tonsi,  the  maximum  bending  moment  due  to  the  loads,  it  may  be 

Had  it  been  otherwise,  the  weight  would  have  to  be  considered  as 

tiooal  uniformly  distributed  load  over  the  entire  girder  and  a  new  bend- 

t  diagram  drawn. 

Dftta  on  Riveted  Girdera.    By  applying  the  principles  illustrated  in 

examples  it  is  possible  to  compute  the  necessary  dimensions  and 

for  riveted  girders  under  any  conditions  of  loading.    If  further  examples 

,  the  reader  is  referred  to  "  Compound  Riveted  Girders,"  by  William 

ire,  in  which  different  examples  of  loading  are  fully  worked  and  ex- 

and  also  to  other  recent  treatises  on  this  subject. 

Drawings  and  Stress-Diagrams  of  one  of  the  earlier  heavy  plate 

used  in  building-construction  are  published  in  the  Engineering  Record 

28,  XS95.    This  girder  is  one  of  six  plate  girders  used  in  the  construc- 

l  Tremont  Temple,  Boston,  Mass.,  Blackall  &  Newton,  architects.    The 

is  75  ft  long  between  centers  of  columns,  6  ft  i  in  deep,  with  flanges  28  in 
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wide,  and  is  calculated  to  support  distributed  and  concentrated  loads  afl 
gating  497-5  tons.  The  single  web^plate  is  64H  in  deep,  and  H  in  thick  at 
ends;  the  flanges  are  4H  in  thick  at  the  middle  of  the  girder;  and  the  flai 
angles  are  6  by  8  by  i  in.  Since  that  time  there  have  been  erected  for  man; 
the  large  buildings  a  number  of  riveted  girders  of  very  great  size  and  strei^ 
and  details  of  their  construction  may  be  found  in  the  engineering  and  arcbi 
tural  periodicals. 

I.  Tablet  Uaed  in  the  Design  of  Plate  and  Bos  Glrdefs 

Tables  I,  II,  ITI  and  TV  contain  data  usually  required  for  the  design  of  p 
and  box  girders  to  satisfy  all  but  the  most  unusual  conditions. 

TaUe  I.*t    Sectional  Area  in  Sgoare  Indiea  to  be  Deducted  froia  PUttts 

Aaglea  for  Rivet-Holaa 

Taken  H  inch  in  excess  of  diameter  of  rivet  t 


Number  of  rivets,  i  in 

Number  of  rivets,  >i 

iji 

Thickness 

diameter 

diameter 

of  plate, 
in 

z 

2 

3 

4 

1 

3 

3 

4 

I 

1.12 

3.25 

3.37 

4.50 

1. 00 

2.00 

3.00 

4-< 

»M« 

1.05 

2.10 

3.16 

4.21 

0.94 

1.87 

2.81 

3-: 

H 

0.96 

1-97 

2  95 

3.93 

0.87 

1.75 

3.62 

3-i 

»M« 

0.9Z 

1.83 

2.74 

3.63 

0.81 

1.62 

2.44 

3-1 

H 

0.84 

1.69 

a.53 

337 

0.75 

I. SO 

a.  35 

3-< 

»H» 

0.77 

ISS 

a. 3a 

309 

0.69 

1.37 

3.06 

a.' 

H 

0.70 

1-41 

2. II 

2.81 

0.62 

X.2S 

1.87 

a.< 

9i« 

0.63 

1.26 

1.90 

3.53 

0.56 

1.X2 

1.69 

a.: 

^i 

0.56 

X.II 

1.69 

2.25 

0.50 

1. 00 

i-SO 

2.4 

ZU 

0.49 

0.98 

1.47 

1.97 

0.44 

0.87 

1. 31 

I.' 

H 

0.42 

0.84 

X.26 

1.69 

0.37 

0.7S 

1. 13 

1.: 

Nu 

imber  of  rivets,  f  ^ 

in 

Niu 

nber  of  rivets,  H 

in 

Thickness 

diameter 

diameter 

of  plate. 

in 

I 

2 

3 

4 

« 

3 

3 

4 

I 

0.87 

1. 75 

2.62 

3.50 

0.75 

1.50 

2.25 

3- 

»M« 

0.82 

1.64 

2.46 

3.28 

0.70 

1.40 

2. II 

2^ 

H 

0.77 

1.53 

2.30 

3.06 

0.65 

1.31 

1.96 

a. 

me 

0.71 

1.42 

2.13 

2.84 

0.61 

1.22 

1-83 

»-, 

54 

0.66 

1.31 

1.96 

2.62 

0.56 

1. 13 

l.«9 

2. 

nu 

0.60 

1.20 

1.80 

2.40 

o.Si 

1.03 

X.54 

a. 

H 

0.55 

1.09 

1.64 

2.19 

0.47 

0.94 

1. 41 

t. 

Hi 

0.40 

C.98 

1.48 

1.96 

0.42 

0.84 

1.26 

I. 

yi 

0.43 

6.87 

1. 31 

r.75 

0.37 

0.75         1.13 

I, 

lU 

0.38 

0.76 

I. IS 

X.53 

0.33 

0.66         0.98 

1    t. 

•H 

0.32 

0.65 

0.98 

1.31 

0.28 

0.56         0.84 

1     I. 

5ie 

0.27 

O.S5 

0,82 

1.09 

0.33 

0.47          O.TO 

I    ^ 

1 

0.22 

;   0.44 

0.66 

0.87 

0.18 

0.37 

0.56 

1 

1  * 

•  For  explanation  of  tables,  see  Subdivision  4,  page  688. 

t  This  table  is  taken  from  •'Compound  Riveted  Girders."  by  W.  H.  Birkmin. 

t  See  paragraph,  Punchiag  Rivet-Holes,  page  414,  and  Table  XI,  page  400^ 
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Vahi*  of  Wab-Mdw  bt  Poonde 

Safe  unit  stress,  xo  ooo  lb  per  sq  in 


Nth. 


ThklaiesB  in  inches 


ta 


H 


3D 
32 

43 

0 


X05000 
113  500 
X20  000 

US  000 
150000 

157500 
172500 
xSoooo 


lU 

H 

?^» 

H 

H 

1225PO 

Z40  000 

157  Soo 

175  000 

2x0000 

131300 

ISO  000 

168800 

187500 

225  000 

X4OOOO 

160000 

180000 

200  000 

240000 

157  500 

180000 

202500 

225000 

270000 

175000 

900  000 

»5ooo 

250  000 

900  000 

xflsSoc 

9XO00O 

336300 

9^500 

315000 

901  3po 

390  000 

258800 

a»7  50o 

345  000 

210  000 

240000 

370000 

3DOO0O 

360000 

n 


245000 
262500 
280000 
3X5  000 
350  000 
367500 
402500 
430000 


Deductions  in  pouods  for  on«  ^-^n  tivett 


3300 


3800 


4300 


4900 


5500 


6600 


7700 


Deductions  in  pounds  for  one  H^n  rivet  t 


3700 


4400 


5000 


5600 


6200 


7500 


8700 


*  For  explanation  of  tables,  see  Subdiviakm  4.  page  688. 

\  Tbe  ana  of  the  hole  is  taken  H  in  in  excess  of  the  diameter  of  the  rivet  to  allow  for 

bqr  of  the  metal  sustained  by  punching. 

4.    What  is  the  safe  shearing  value  of  a  36  by  H-'in  web-piate  with 
H-ia  rivets  in  the  stiffeners? 


Tlie  gross  shearing  value  ^  X35  000  lb 

Kk  deduction  for  seven  rivets  -  7  X  3  200  »    22  400  lb 

The  safe  shearing  value  —  1x2  600  lb 

IjBe  thb  table  for  any  other  unit  stress,  divide  the  shearing  value  by  10  000 
I  sniltiply  by  the  given  unit  stress.  For  example,  what  is  the  safe  shearing- 
lae  of  a  40  by  H-in  web-plate  at  12  000  lb  per  sq  in?  (250  000/10)  X  12  — 
^ooolb. 

BiUm  of  Riyeted  Steel  Plate  Girders.^    It  is  not  practicable  to  give 
or  SATE  LOADS  for  riveted  steel  plate  girders  because  of  the  great  variety 
Innatioas  of  plates  and  angles  that  can  be  selected  for  any  given  condition 
Moreover,  any  variation  in  the  loading  would  make  the  tables  use- 
la  place  of  the  safe  loads,  therefore,  the  properties  or  elements  of 
STEEL  PLATE  GIRDERS  are  given  in  Table  IV,  pages  706  to  7 16,  which 
^ad  'm  determining  the  size  of  the  girder  and  the  approximate  thickness  of 
es  and  angles  for  any  special  case.    To  determine  the  dimensions  and 
details  of  a  girder  suitable  to  cany  any  specified  loading,  determine  the 
E?a>-REACTiON  in  pounds  and  the  maximum  bending  moment  in  inch- 
Select  from  Table  IV  the  different  parts  for  a  girder  of  the  required 
a  THICENE5S  OF  WEB  as  determined  by  the  maximum  end-reaction  and 
SEcnoN-MODULUS  as  determined  by  dividing  the  maximum  bending 

tables  of  riveted  sin^e^beam  girders  and  double-beam  girders,  see  Tables  XIV 
\oaites6o5  to  611. 
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moment  by  the  peuhssibi^  unit  stress  xor  flexuse  in  pounds  per  sq 
inch.  The  spacing  of  the  rivets,  the  number  and  position  of  the  stiffen 
the  LENGTH  OF  THE  FLANGE-PLATES,  if  more  than  one  are  needed,  and  the ! 
IN  FLANGE-AREA  and  WEB-AREA  due  to  the  punching  of  the  rivet-holes,  i 
be  determined  in  each  case  by  the  rules  already  given.  The  weights  of 
rivets  and  stiffeners  are  not  included. 

As  an  illustration  of  the  use  of  these  elements  or  properties,  in  Exampli 
the  total  load  on  the  girder  is  107  000  lb,  making  each  end-reaction  53  5a 
The  maximum  bending  moment  is  334.8  ft-tons,  or  8  035  000  in-lb.    The  sec 
modulus  //c- if /5->  8035000/14000*  574.    The  depth  of  the  g;irdi 
limited  to  36  in.    Looking  up  the  properties  of  36-in  girders  in  Table  I\\ 
709,  it  is  seen  that  a  H-in  web  is  more  than  sufficient  to  resbt   the 
reaction.    The  nearest  section-modulus  to  574  is  567.2,  that  of  a  girder  < 
posed  of  a  36  by  Me-in  web,  5  by  $yi  by  H-in  angles,  and  la  by  )^i-in  flj 
plates.    In  working  out  the  problon  in  detail  it  was  found  that  the  g 
required  5  by  3H  by  M«-in  angles  and  two  la  by  W-in  flange-plates  to 
pensate  for  the  loss  of  area  due  to  the  punching  of  the  rivet-holes.     (Sec  ] 
219  and  7x0.) 

Table  TV  is  based  upon  an  extreme  fiber-stress  for  flexure  of  16  000  lb  per  i 
and  gross  sections  are  used  in  determining  the  values  given.  The  attenti 
readers  is  called  to  the  two  methods  of  plate  and  box-girder  design:  (i)  th 
using  the  plate-girder  formula  (page  683)>  and  (2)  the  one  using  the  set 
modulus  (pages  703  and  704,  and  706  to  716).  It  is  customary,  alao,  to 
into  account  the  tendency  of  the  compression-flange  of  the  girder,  if  long  bet 
lateral  bradngs,  to  buckle  or  fail  as  a  column;  and  the  permissible  reduced  ft 
stress  is  determined  by  column-formulas. 
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Tftbto  IIL*    Gut9  BiNldxss  ValUM  of  Web-PlatM 

SAFX  UNIT  BUCSXING  VALUE  IN  FOUNDS  PER  SQUARE  INCH 

xoooo 


Calculated  by  fonnulaf  Sk  « 


1  + 


(fi 


.4000/3 


i&  « safe  bocklins  resistance  in  pounds  per  square  inch;  d  «  depth  of  web  ia  the  dea 
flange-plates  in  inches;  t  *  thirknea*  o(  web  in  inches 


^. 


I 


r 


t40 


Thickness  in  inches 


H 

Mo 

H 

9f. 

H 

*4 

H 

3498 

4  238 

4«9o 

5476 

5  932 

3192 

3896 

4546 

5133 

5656 

6523 

3889 

3634 

4328 

4787 

5339 

6236 

6920 

2456 

3069 

3666 

4239 

4748 

5656 

6392 

2087 

2696 

3191 

3724 

4  338 

SI33 

5882 

X9J3 

2455 

2983 

3498 

3992 

4889 

5649 

IS4« 

1994 

2543 

3918 

3371 

4  238 

4992 

TOTAL  SATS  RBSXSTANCS  IN  POUNI>S  POR  PLATES  WITH  TWO  H-IS  RIVETS 


Uh, 

Thicknesa  in  inches 

in 

1 

M6 

H 

9^6 

W 

H 

H 

P 
42 

«4SO 

aiajo 
31560 
29140 
26860 

48  580 
48x50 
46000 

43230 
40360 

64  200 
64230 
62800 
60040 
58  830 

80880 

8x  560 
81500 
79190 
75920 

97340 

99880 

X01750 

xoo  440 

97  450 

138  200 
145300 
X47600 
146670 

191 570 
198960 

303  000 

TOTAL  SAFE  RBSBTANCV  IN  POUNDS  POR  PLATES  WITH  TWO  H'lN  RIVETS 


^ — 
l»th. 

Thickness  in  inches 

b 

H 

lU 

H 

3U 

^ 

« 

H 

m 

*  1 

34  too 
33510 
31310 

2ft9.>o 
26700 

48  XTO 
47720 
45660 
42960 
40140 

63570 
63640 
63330 
59660 
58490 

80100 
80840 
80900 
78700 
75520 

96390 
98980 
100690 
99800 
969x0 

136960 
144  230 
146690 
X45860 

190x70 
197  710 
300930 

^  expbnatioo  of  tables,  see  Subdivinon  4,  page  688. 

See  ia  Chapter  XV  the  paragraphs  and  foot-notes,  pages  568  and  569.  relating  tc 

Mb-bocklins  of  I-beams.    The  formula  for  the  above  table  is  the  formula  that  was 

Eli  the  FasaaJc  Sted  Company's  Manual,  and  as  the  values  computed  by  it  vary  but 

'iham  those  deduced  by  the  Cambria  formula,  Table  III  b  retained  as  it  is. 

k  abo.  p4Be  68fi.  paragraph  relating  to  Sai6  Resbtance  of  Web  to  Buckling. 
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Tald*  IV.*    Sl«B0Bt9  of  Ittfaled  PUt«  CHrden 


T 


I 


I 


"T^^jlp^ 


To  determine  the  details  of  construction  of  a  girder  sn 
able  to  carry  any  specified  loading,  determine  the  ma 
niim  end-teactioos  in  pounds  aikd  the  maiimnm  bendii 
moment  in  inch-pounds 

Select  from  the  table  a  girder  having  the  desired  dep( 
a  thickness  of  web  as  determined  by  the  nuudmum  en 
reaction  and  a  suitable  section>modulus.  determined  ' 
dividing  the  maximum  bending  moment  by  the  permis 
ble  unit  bending  fiber-ctress  in  pounds  per  square  ind 

For  limiting  conditions,  see  the  pages  702  to  70s  a 
the  first  three  subdivisions  of  this  chapter 

Weights  given  do  not  include  stiffeners,  rivet-heads, 
other  details 


Sises 

Wei^t 

per  foot 

Manm 

Section- 

Web- 

end* 

modulus, 
axis.  i-i. 

Web- 

Flange- 

Flange- 

plate 

Flange- 

reactioi 
thousai 

in> 

plate, 
in 

angles, 
in 

plates, 
in 

cum 

flange* 
angles. 

plates, 
lb 

of 
poiuu 

lb 

242.0 

5X3HXH 

97.8 

6o.« 

270.9 

SX3}^XH 

12XH 

72.2 

30.6 

6o.fl 

306.1 

24XW 

5X3V^XH 

12XH 

72.2 

40.8 

6o.t 

343.6 

SX3HXH 

I2XH 

85.0 

40.8 

60J 

378.S 

5X3HXVi 

12XH 

85.0 

51.0 

60.1 

414.1 

SX3HXH 

12XH 

97.8 

51.0 

6o.i 

isi.s 

4X3    XH 

61.6 

56-' 

176.8 

5X3^^X^ 

692 

56.: 

X86.6 

4X3    XV4 

72.0 

s6: 

201.2 

26XMt 

6X4    XH 

76.8 

30.4 

2x9.6 

5X3HXH 

82.0 

56.; 

252.0 

6X4    XVi 

984 

s6-; 

260.7 

SX3hXH 

94.8 

S6. 

341  5 

6X4    XH 

I4XH 

82.4 

35.7 

67.. 

354.4 

6X4    XH 

127.6 

e?. 

377.4 

SX3HXH 

12XH 

87.6 

40.8 

07. 

386.x 

6X4    XH 

I4XH 

82.4 

47.6 

67- 

415.2 

5X3HXH 

taX^ 

87.6 

51.0 

67. 

435.1 

26XH 

6X4    XH 

14XH 

980 

476 

«7. 

454-5 

SX3HXH 

12XH 

100.4 

5X.0 

67. 

479-3 

6X4    XV4 

14XH 

98.0 

59  5 

©7. 

526.x 

6X4    XH 

14XH 

113. 2 

59-5 

t7 

569-9 

6X4    XH 

14XH 

113  2 

7X  4 

67. 

613.9 

6X4    X^t 

MX?* 

127.6 

71.4 

©7 

200.4 

4X3    XH 

83.1 

7^ 

233-4 

4X3    XH 

93.x 

7» 

233.5 

26X^« 

5X3HXH 

93- X 

1« 

265.8 

6X4    XH 

103. 5 

1« 

274.5 

SXaHXH 

10S.9 

7* 

314.8 

6X4    XH 

118.7 

1» 

•  From  Pocket  Companion,  Carnegie  Steel  Company,  Pittsburgh,  Pa. 
tiooal  values  are  given  in  the  Pocket  Companion. 


f       Tables  Used  in  the  DeGign  of  Plate  aad  Box  Girde 


TaMe  IV*f  (CMtiiMiad>.    Btewfta  fli  Biveled  FUtt  OMi 


F 

Sizes 

Wdght 

per  foot 

Seccioii- 

Web- 

sodttlus. 
uu  i-i. 

Web. 

Flange* 

FlSkhge- 

plate 
and 
flange- 
angles. 

Flange- 

] 

1 

in> 

plate, 
in 

ans^es» 
in 

plates, 
in 

pUtes, 
ib 

lb 

Ifii3 

6X4    XH 

X33.I 

^ 

^.0 

SX3HXW 

MXH 

93.  X 

40.8 

i21.8 

5X3^XH 

I2XH 

93  X 

51.0 

♦41.7 

6X4    XW 

I4XH 

1035 

47.6 

46t.I 

a6XM« 

SX3HXH 

laXH 

XQS.9 

5X.0 

4359 

6X4    XH 

UXH 

103. 5 

59-5 

Sja.T 

6X4    XH 

UXH 

X18.7 

595 

S7«S 

6X4    XH 

I4XH 

1x8.7 

7X.4 

6ao.5 

1 

6X4    XH 

X4XH 

133.I 

7X.4 

185-6 

SX3HXH 

70.3 

ai.o 

6X4    XH 

T7.9 

at3D3 

SX3HXH 

83.1 

J64.I 

27XM« 

6X4    XH 

93.5 

«73-a 

SX3HXH 

95.9 

JD4.5 

SX3HXH 

I2XH 

70.3 

30.6 

3IJ.3 

6X4    XH 

X08.7 

3U> 

5X3HXH 

laXH 

70.3 

40.8 

137.7 

6X4    XH 

115. 7 

3«7 

SX3HXH 

I2XH 

77.3 

40.8 

372  « 

6X4    XH 

I4XH 

849 

35. 7 

3(»5 

6X4    XH 

130.  X 

411.7 

SXSMXH 

laXH 

90.x 

40.8 

430.8 

6X4    XH 

14XH 

84.9 

47.6 

43T.O 

rfXH 

6X4    XH 

X44.5 

4S25 

SX3HXH 

I2XH 

90.x 

5X.0 

474-3 

6X4    XH 

I4XH 

X00.5 

47.6 

49S.3 

5X3HXH 

X2XH 

XQ2.9 

5X.0 

P19 

6X4    XH 

14XH 

xoo.s 

59-5 

573-1 

6X4    XH 

UXH 

XX5.7 

59-5 

fa04 

6X4    XH 

I4XH 

XXS.7 

7X.4 

itt.6 

6X4    XH 

UXH 

X30.X 

71.4 

«7-l 

SX3HXH 

96.1 

ai»4 

6X4    XH 

X06.5 

JU.8 

SX3HXH 

X08  9 

345S 

6X4    XH 

I2X.7 

30^.S 

6X4    XH 

136. 1 

4X9.5 

aftXjia 

5X3HXH 

laXH 

96.1 

40.8 

445  1 

6X4    XH 

xso.s 

4W-a 

5X3HXH 

xaXH 

96.x 

SX.o 

4Sa.o 

6X4    XH 

X4XH 

X06.5 

47.6 

S013.O 

SX3HXH 

X2XH 

108.9 

51.0 

539-6 

6X4    XH 

I4XH 

106.5 

59-5 

5S0.8 

6X4    XH 

I4XH 

121. 7 

59-5 

*  From  Pocket  Coiiipaiuon«  Caraegie  Steel  Compoay,  Pittobaiih, 
t  For  explanation  o(  table,  see  page  706. 


708 


Riveted  Sted  Plate  and  Box  Girders  Cbap. 

Tabto  IV  *t  (CoBtinaed).    BcoMiiti  4if  Slvttod  Plat*  Oirdari 


Sizes 

Weight 

per  foot 

end- 

Section- 

Web- 

modulus, 
axis  i-i. 

Web- 

Flange- 

*Flange- 

plate 
and 
flange- 
angles. 

Flange- 

resctioa 
thoostf 

in> 

plate, 
in 

angles, 
in 

plates, 
in 

plates, 
lb 

of 

pound 

lb 

626.0 

28XM« 

6X4    XH 

14XH 

121.7 

71.4 

78.8 

676.2 

6X4    XH 

14XH 

136.1 

71.4 

78.8 

221.8 

5X3V4XH 

799 

74.3 

250.5 

6X4    XH 

87.S 

74-3 

272.1 

5X3HXH 

92.7 

74-3 

3x0.3 

6X4    XV4 

103. 1 

74.3 

320.5 

SXZ^iXH 

105.5 

74.3 

353.8 

5X3V6XH 

12XH 

79.9 

30.6 

74.3 

366.2 

5X3HX94 

117. 5 

74-3 

368.1 

6X4    XH 

118.3 

74.3 

397  8 

5X3HXH 

12XH 

799 

40.8 

74.3 

404.7 

6X4    XH 

I4XH 

87.5 

35. 7 

74.3 

423.1 

30X9^ 

6X4    X*4 

132.7 

74  3 

446.6 

SX3HXH 

12XH 

92.7 

40.8 

74.3 

4S6.X 

6X4    XH 

I4XH 

87.5 

47.6 

74  3 

475.8 

6X4    XH 

147.1 

74.3 

490.3 

5X3HXW 

12XH 

92.7 

51.0 

74.3 

514.0 

6X4    XH 

14XH 

103. 1 

47.6 

74.3 

536.7 

5X3HXH 

12XH 

105. 5 

51.0 

74.3 

565. 1 

6X4    XH 

14XH 

103.1 

59  5 

74  3 

6ao.6 

6X4    XH 

14XH 

118. 3 

59  5 

74.3 

671.3 

6X4    XH 

14XH 

118. 3 

71.4 

74.3 

723.8 

6X4    XH 

14XH 

132.7 

71.4 

74.3 

28Z.4 

5X3HXH 

990 

86.6 

319  5 

6X4    XH 

109  4 

866 

329.7 

5X3HXH 

III. 8 

86.6 

375. 5 

5X3HXH 

123.8 

86.6 

377.3 

6X4    XH 

124.9 

86.6 

432.3 

6X4    XH 

139  0 

86.6 

455. 5 

5X3HXH 

I2XH 

99.0 

40.8 

S66 

485  0 

30XM« 

6X4    XH 

153.4 

866 

499  2 

SX3HXH 

12XH 

990 

51.0 

66  6 

523  0 

6X4    XH 

14XH 

1094 

47.6 

86.6 

545-6 

5X3HXH 

12XH 

III. 8 

51.0 

86.6 

574.0 

6X4    XH 

14XH 

109.4 

59  5 

96.6 

629.5 

6X4     XH 

I4XH 

124.6 

59  5 

866 

680.1 

6X4    XH 

14XH 

124.6 

71.4 

866 

732.6 

6X4    XH 

14XH 

139.0 

71-4 

86.6 

290.6 

5X3HXH 

105.4 

99  0 

328.8 

6X4    XH 

115-8 

990 

338.9 

30X^ 

SX3HXH 

118.2 

99.0 

384.7 

5X3HXH 

130.2 

99.0 

386.S 

6X4    XH 

131. 0 

99.0 

•  From  Pocket  Companion,  Carnegie  Steel  Company,  Pittsburgh.  Pi. 
t  For  explanation  of  table,  see  page  706. 
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Tibto  IVn  (Cwrtiimed).    BtaUMti  of  IUt«t««  Plite  Oiidtn 

SiM 

Weight 

peridot 

Maximum 
end- 

M    -  • 

Web- 

vodolns. 

Web- 

Plange- 

PUnge- 

plate 
and 
flange- 
angles, 

Flaa«»- 

reaction  in 
thovuanda 

in^ 

pUte. 
in 

aiigles. 
In 

plates. 
in 

plates, 
lb 

ol 
pounds 

1 

lb 

ui.s 

6X4    XH 

1454 

99.0 

4&t4 

SX3MXH 

12XH 

105.4 

40.8 

99.0 

«42 

6X4    XH 

159.8 

990 

jrt.o 

SX3HXH 

12XH 

10s.  4 

Si.o 

99.0 

S3I9 

y>XH 

6X4    XH 

I4XH 

115. 8 

47.6 

990 

SS4.5 

SX3ViXH 

12XH 

1X8.2 

5X.0 

990 

5b.8 

6X4    XH 

14XH 

115. 8 

59  5 

99.0 

fi3!.3 

6X4    XW 

14XH 

131.0 

59.5 

990 

688.9                         1 

6X4    XH 

14XH 

131.0 

71.4 

990 

741.3 

1 

6X4    XW 

I4XH 

145. 4 

71.4 

99.0 

ISl-7 

SX3HXH 

83.7 

Sx.o 

«J.7 

6X4    XH 

91.3 

81.0 

!    JB7.7 

33XH 

SX3HXW 

96.S 

81.0 

3064 

6X6    XH 

X01.7 

121.  S 

»)3 

1 

6X4    XH 

X06.9 

8x.o 

1 
430.3 

6X6    X^ 

124.3 

135  0 

;     ^.0 

SX3WXH 

125. 1 

87.8 

4fa.4 

6X4    XH 

1259 

87.8 

SDi.3 

6X4    XH 

UXH 

95.1 

35.7 

87.8 

SIO.S 

6X6    XH 

142.7 

135.0 

;    53P.2 

6X4    XH 

140.3 

87.8 

!    S31.6 

6X6    XH 

14XH 

105.  S 

35. 7 

135.0 

S54.3 

SX3HXW 

12XH 

100.3 

40.8 

87.8 

Sfi5.I 

6X4    XH 

14X54 

95  I 

47.6 

87.8 

S».2 

6X6    XH 

14XH 

105. 5 

47.6 

135  0 

SK  3 

6X4    XH 

1547 

87.8 

606.8 

^^^9^ 

SX3^XH 

X2XH 

100.3 

51.0 

87.8 

^.5 

36XH 

6X4    XH 

14XH 

110. 7 

47.6 

87.8 

4S4-9 

6X6    XH 

14XH 

105. 5 

£9  5 

135.0 

04.2 

SX3HXH 

12XH 

113.1 

51.0 

87.8 

•74.4 

6X6    XH 

14XH 

124.3 

47.6 

135  0 

Cg4.o 

6X4    XH 

14XH 

110.7 

59  5 

87.8 

7355 

6X6    XH 

14XH 

124.3 

59  5 

135.0 

7<6.6 

6X4    XH 

14XH 

125  9 

59. 5 

87.8 

796.8 

6X6    XH 

14XH 

124.3 

71.4 

135.0 

ti3.x 

6X6    XH 

14XH 

142.7 

59  5 

135.0 

877.6 

6X4    XH 

14XH 

125.9 

71.4 

87.8 

8:3.8 

6X6    XH 

14XH 

142.7 

71.4 

13$. 0 

893.8 

6X4    XH 

14XH 

140.3 

71.4 

87.8 

357.7 

SX3HXH 

X08.0 

102.4 

404.7 

.^*.  ^9/ 

6X4    XH 

118.4 

X02.4 

417.0 

3l6XMe 

SX3HXH 

X20.8 

102.4 

443.6 

L. 

6X6    XH 

132.0 

1575 

*Fnnn  Pocket  Companion.  Carnegie  Steel  Company,  Pittsburgh,  Pa. 
t  For  explanation  of  Uble,  see  page  706. 


710  Rivtted  Sted  PUte  aad  Box  GirdeiB  Chap. ! 

Taut  IV«t  (COdtinMtf).    miawH  tif  Btot>i4.Plrt»  Okdaa 


Siies 

Weight 

per  foot 

Maadmui 
end- 

Section- 

Web- 

fDodTxlns, 

plate 
and 

leactioo: 

azisi'-it 

Web- 

Flange- 

Flange- 

Planfls- 

thoasan 

io« 

plate, 

angles, 

plates, 

flange- 

p]«te8» 

of 

in 

in 

in 

angles, 

lb 

lb 

poondi 

473.3 

5X3HXH 

# 

X33.8 

102.4 

475. 7 

6X4    XH 

133.6 

103.4 

533.8 

6X6    XH 

IS0.4 

IS7.S 

543.5 

6X4    XH 

148.0 

102.4 

567.2 

5X3^X^6 

X3XH 

108.0 

40.« 

Z02.4 

608.6 

6X4    Xli 

163.4 

Z02.4 

619.7 

5X3WX^ 

12XH 

Z08.0 

51.0 

103.4 

649.5 

6X4    X^ 

X4XH 

1X8. 4 

47.6 

102.4 

677.x 

36XMe 

5X3HXH 

I3XH 

iao.8 

51.0 

IC3.4 

687.3 

6X6    X^ 

X4XH 

132.0 

47.6 

157. S 

710.8 

6X4    X« 

I4XH 

Z18.4 

595 

102.4 

748.4 

6X6    XW 

X4XH 

133.0 

59-5 

IS7S 

779.5 

6X4    XH 

14XH 

133.6 

59.5 

1C2.4 

809.5 

6X6    X^ 

14XH 

132.0 

71.4 

IS7.S 

835.9 

6X6    XH 

14XH 

XS0.4 

595 

1575 

840.4 

6X4    XH 

14XH 

133.6 

71.4 

102.4 

886.6 

6X6    XH 

X4XH 

ISO.  4 

71.4 

157  5 

90S.S 

6X4    XH 

X4XH 

148. 0 

71.4 

ZQa.4 

428.0 

6X4    XH 

Z26.0 

117.0 

456.9 

6X6    XH 

139.6 

180.0 

489.0 

6X4    XH 

Z41.3 

117  0 

537. 1 

6X6    XH 

158.0 

180.0 

556.9 

6X4    XH 

15s.  6 

117.0 

614.5 

6X6    XH 

176.0 

zfio.o 

631.9 

6X4    XH 

170.0 

117. 0 

66a.5 

6X4    Xki 

X4XH 

X26.0 

47.6 

n7.o 

669.3 

6X6    XH 

193.6 

x€o.e 

700.3 

6X6    XH 

14XH 

139.6 

47.6 

xSo.o 

733.7 

36xii 

6X4    XH 

14XH 

126.0 

59.5 

117.0 

761.3 

6X6    XH 

UXH 

139.6 

59.5 

180.0 

793.3 

6X4    XH 

14XH 

141. 3 

59.5 

117.0 

832.3 

6X6    XH 

14XH 

139.6 

71.4 

iSc.o 

838.8 

.   6X6    XH 

14XH 

158.0 

595 

tte.o 

853.3 

6X4    XH 

X4XH 

I4Z.3 

71.4 

117.0 

899.4 

6X6    XH 

14XH 

158.0 

71.4 

180.0 

9x8.3 

6X4    XH 

X4XH 

355.6 

71.4 

X17.0 

973.7 

6X6    XH 

14XH 

176.0 

7X.4 

280.0 

X  039-4 

6X4    XH 

X4XI 

355.6 

95.3 

ll7-« 

X  094.x 

6X6    XH 

X4XI 

J76.0 

95.3 

X80.0 

I  lOI.I 

6X4    XH 

14X1 

170.0 

95.3 

TX7.C 

I  164.9 

6X6    XH 

X4XX 

193.6 

95.3 

Z80.0 

444.7 

.iXv^RZ 

6X4    XH 

141.3 

X46.1 

483.5          -^^^ 

6X6    XH 

154.9 

x^x 

*  fton  Podkat  CoB^MUiioB,  CanMgie  Steel  ConpaJVK  Pittsbuzgh, 
t  For  explanation  of  table,  see  page  706. 


f-      Tables  Uied  in  tbe  Design  of  I'Jate  ana  Jtos  uirai 
Table  IV*  t  (Cooteiad).    KIimmiN  of  giftfd  Ptet»  Wr4m 


1 

1 

Siies 

Weight 

per  foot 

1 

Web- 

an  i-i, 

Web- 

Flange- 

Plange- 

plate 
and 
flange- 
angles. 

Flanfe* 

itf 

pUto, 
in 

angles, 
in 

plates. 
in 

plates, 
lb 

lb 

SI5-7 

6X4XH 

IS6.5 

*3.7 

6X6XH 

173.3 

sa}.5 

6X4XW 

170.9 

64l.a 

6X6XM 

191 .3 

fi48.S 

6X4XH 

185.3 

».4 

6X4X^4 

14X4 

14x3 

47.6 

!    ns.8 

6X6XH 

20S.9 

:26:j 

6X6XH 

14X4 

1549 

47.6 

;«.4 

6X4XH 

14XH 

14x3 

59.5 

^.0 

6X6XH 

14XH 

154.9 

595 

SiS.i 

36XW 

6X4XH 

X4XH 

156.S 

59.5 

U7.9 

6X6X4 

14X94 

154.9 

71.4 

as«.6 

6X6XH 

l4X9i 

173.3 

59  5 

I7$.S 

6X4XH 

14X94 

156.S 

71.4 

m.9 

6X6XH 

14X94 

173.3 

71.4 

913.9 

6X4X94 

14X94 

170.9 

71.4 

9993 

6X6XM 

14X94 

191.3 

71.4 

10459 

6X6X?i 

14XI 

173.3 

95.3 

I0««.7 

6X4XW 

14XX 

170.9 

95.2 

1 1x9.3 

6X6X94 

14X1 

191.3 

95.3 

IU(.3 

6X4XH 

14X1 

185.3 

95. 2 

X 190.x 

6X6XU 

14X1 

ao8.9 

95.2 

390.3 

6X4XH 

103.8 

4*75 

6X6XH 

ii3.a 

xn.2 

6X4XH 

118.4 

517-2 

6X6XVi 

132.0 

5fa-4 

6X4XH 

133.6 

6c6.6 

6X4XH 

tAXH 

103.8 

35.7 

feis 

6X6XH 

IS0.4 

63S.3 

6X4XH 

x6xH 

103. 8 

40.8 

6u.x 

6X4X94 

148.0 

6*3-a 

6X6X94 

14XH 

113.3 

35. 7 

673.1 

42XH 

6X6X9i 

16x94 

1X3-3 

40.8 

6:8.6 

6X4XH 

14X4 

103.8 

47-6 

7IS-2 

6X6XH 

14X4 

113.3 

47.6 

7X6.3 

6X6X94 

168.4 

T19-5 

6X4XH 

163.4 

7577 

6X6X94 

x6X4 

1x3.3 

54.4 

7<i3.7 

6X4XW 

14X4 

XI8.4 

47.6 

7«7.a 

6X6X94 

14X94 

II3.3 

59.5 

ao6.a 

6X4X4 

16X4 

118. 4 

54.4 

806.4 

6X6XH 

186.0 

812.7 

r 

6X6X4 

14X4 

133.0 

47.6 

*  Froa  Podbct  Companion,  Carnegie  Steel  Company  PitUbucght 
t  For  explanation  of  table,  see  page  706. 


Kiveted  Steel  FtaXe  and  i5ox  uimers  Cbap.  2 

le  IV^t  (Condftned).    SemMits  of  SlTetad  FUte  Girden 


Sixes 

Weight] 

per  foot 

Maximao 

Web- 

end- 

Web- 

Flange- 

Flange- 

plate 

and 

tiange- 

angles, 

Flange- 

reaction  i 
thousand 

plate, 
in 

angles, 
in 

plates, 
in 

plates, 
lb 

of 

pounds 

lb 

6X4XV4 

14X96 

118.4 

59.5 

101.3 

6X6XH 

i6X4 

132.0 

54.4 

1575 

6X6X4 

14X96 

132.0 

595 

157. 5 

6X4XH 

14X96 

133.6 

59.5 

101.3 

6X6XH 

16X96 

132.0 

68.0 

157.S 

6X6XH 

14X94 

132.0 

71.4 

157-5 

6X4XH 

16X96 

133.6 

68.0 

101.3 

6X6XH 

14X96 

ISO.  4 

59. 5 

157.  S 

6X4XH 

14X94 

133.6 

71.4 

101.3 

A2XH 

6X6XH 

16X96 

IS0.4 

68.0 

1575 

6X6XH 

14X94 

ISO.  4 

71.4 

157.S 

6X4X94 

14X94 

148.0 

71.4 

101.3 

6X6XH 

16X94 

ISO.  4 

81.6 

157  5 

6X4X94 

16X94 

148.0 

81.6 

101.3 

6X6X^ 

14X94 

168.4 

71  4 

157.5 

6X6XH 

i6X4 

IS0.4 

95.2 

157.  S 

6X6X54 

16X94 

168.4 

81.6 

157.  S 

6X6X54 

i6x"4 

168.4 

95.2 

157  5 

6X4XH 

i6XH 

162.4 

95.2 

101.3 

6X6XU 

i6XH 

186.0 

95.2 

157  5 

6X4XW 

127.3 

118. 1 

6X6XH 

140.9 

183  s 

6X4XH 

142.  S 

118. 1 

6X6XH 

159.3 

I&38 

.6X4X94 

IS6.9 

118.1 

6X6X94 

177.3 

183.8 

6X4X^i 

171 .3 

IlS.i 

6X4XH 

14X4 

»27.3 

47.6 

118.1 

6X4XV'i 

i6X4 

127.3 

54.4 

118.1 

6X6XH 

194.9 

183-8 

6X6XW 

14X4 

140.9 

47.6 

183.8 

42X^6 

6X4XW 

14X96 

127.3 

59  5 

itS.x 

6X6XH 

i6X4 

140.9 

54.4 

183-8 

6X6XW 

14X96 

140.9 

59.5 

183.8 

6X4XH 

14X96 

142.5 

59-5 

118. z 

6X6X4 

16X96 

140.9 

63.0 

183-8 

6X6X4 

14X94 

140.9 

71.4 

183-8 

6X4XH 

16X96 

142.S 

68.0 

iiS.i 

6X6X96 

14X96 

159.3 

59.5 

1838 

6X4X9i 

14X94 

142.S 

71.4 

118. 1 

6X6X96 

16X96 

159.3 

68.0 

183-8 

6X6X96 

14X94 

159  3 

71.4 

183.8 

6X4X94 

14X94 

156.9 

71.4 

118.  z 

>m  Pocket  Companion,  Carnegie  Steel  Company,  Pittsbtirgh,  Pa. 
:  explanation  of  table,  see  page  706. 


^         Tables  Used  in  the  Design  of  Plate  and  Box  Girders        71 
Table  IV*t  (Contiiitted).    EUmokti  of  Bhreled  Plata  Oirdera 


Sizes 

Weight 

per  foot 

Maximum 
end- 

Sociion- 

Web- 

oodolas. 

If  ^»^" 

plate 
and 
flange- 
angles, 

reaction  in 

axisi-i. 

Web. 

Flange- 

Flange- 

Flange- 

thousands 

JB» 

plate, 
in 

angles, 
in 

plates, 
in 

plates, 
lb 

of 

pounds 

lb 

1 129  9 

. 

6X6XH 

16X54 

1593 

81.6 

183.8 

11479 

6X4X>4 

16X54 

156.9 

81.6 

118. 1 

1 156.0 

6X6X% 

14X54 

177.3 

71.4 

183.8 

iai.6 

42XH 

6X6XH 

16X^6 

159.3 

95  2 

183.8 

12x98 

6X6X% 

16X54 

177.3 

81.6 

183.8 

1300.9 

6X6XW 

16XH 

177.3 

95.2 

183.8 

13873 

6X6XH 

16XH 

194.9 

95.2 

183.8 

SI3S 

6XaXH 

136.3 

135-0 

S63.5 

6X6XVi 

149.8 

210.0 

597  7 

6X4XH 

151.4 

135  0 

659-8 

6X6XH 

168. a 

210.0 

M.4 

6X4XH 

165.8 

135.0 

752  8 

6X6X^ 

186.2 

210.0 

7358 

6X4XH 

180.2 

135.0 

799a 

6X4XW 

14XH 

136.2 

47.6 

135.0 

841-7 

6X4XVi 

16XH 

136.2 

54.4 

135  0 

8427 

6X6X^4 

203.8 

210.0 

M.I 

6X6X!^ 

UXH 

149.8 

47.6 

210.0 

8708 

6X4XW 

14XH 

136.2 

59. S 

135.0 

890.6 

6X6XVi 

i6XVi 

149.8 

54.4 

210.0 

919-4 

6X6XH 

14X56 

149-8 

595 

210.0 

9526 

6X4XH 

14X56 

151.4 

59  5 

135.0 

9726 

A2Xli 

6X6XM 

16X56 

149.8 

68.0 

210.0 

990.8 

6X6XH 

14X54 

149.8 

71.4 

210.0 

IOCS  7 

6X4XH 

16X56 

151.4 

68.0 

335.0 

1 013.9 

6X6XH 

14X56 

16S.2 

59.5 

210.0 

1023.7 

6X4  XH 

14X54 

151. 4 

71.4 

135.0 

1066.0 

6X6XH 

16X56 

16S.2 

68.0 

210.0 

ic«37 

6X6XH 

14X54 

168.2 

71.4 

210.0 

I  131. 7 

6X4X54 

14X54 

165.8 

71.4 

135.0 

I  147.5 

6X6XH 

16x54 

163.2 

81.6 

210.0 

1 165  4 

6X4X^4 

16X54 

165.8 

81.6 

135.0 

1 173-6 

6X6XW 

14x54 

186.2 

71.4 

210.0 

1239.0 

6X6XH 

16XH 

168.2 

95.2 

210.0 

1237.4 

6X6X54 

16X54 

186.2 

81.6 

210.0 

1 318.4 

6X6X54 

16XH 

186.2 

95.2 

210.0 

I321.2 

6X4XH 

16XH 

180.2 

95.2 

1350 

1404.7 

6X6XH 

16XJ6 

203.8 

95.2 

210.0 

166.9 

6X4X56 

110.4 

121. 5 

512.7 

6X6X5i 

120.8 

180.0 

567.4 

48XH 

6X4XH 

126.0 

121. 5 

618.9 

6X6X^i 

139-6 

180.0 

664.9 

6X4XH 

141. 2 

121. 5 

*FTX3m  Pocket  Companion,  Camegie  Steel  Company,  Pittsburgh,  Pa. 
t  For  explanation  of  table,  sec  page  706. 
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TaUo  iy*t  (Cootiiwed).    BtoBMots  of  Kivatod  Plate  (Hrden 


Sizes 

Weight 

per  foot 

Maximtai 
end- 

Section^ 

Web- 

modulus. 

. 

plate 
and 

flange-* 
angles. 

reaction 

axis  i-i. 

Web- 

Flange- 

FUng!&- 

Flange- 

thou^aiu 

in» 

plate, 
in 

angles, 
in 

plates. 
in 

plates, 
lb 

of 
poundi 

lb 

714.4 

6X4XH 

14X96 

no. 4 

35.7 

121 .5 

741-3 

6X6XH 

158.0 

180.0 

750.8 

6X4XH 

16X96 

no. 4 

40.8 

121 .5 

7S8.S 

6X4X% 

155.6 

121 .5 

7595 

6X6XH 

14X96 

120.8 

35.7 

X80.0 

795.9 

6X6XH 

16X96 

120.8 

40.8 

xSo.o 

797.0 

6X4XH 

14X4 

no. 4 

47.6 

121. 5 

841.9 

6X6XH 

14X4 

130.8 

47.6 

xSo.o 

848.3 

6X4X^ 

170.0 

131. 5 

850.1 

6X6XH 

176.0 

180.0 

890.4 

6X6XH 

16X4 

120.8 

54  4 

X80.0 

89s. 5 

6X4XV^ 

lAXH 

126.0 

47.6 

121.5 

924.3 

6X6XH 

14X96 

120.8 

59. 5 

X80.0 

944.0 

6X4X^ 

16X4 

126.0 

54.4 

121.5 

955.2 

6X6X^ 

193.6 

180.0 

955.8 

6X6X^4 

14X4 

139-6 

47.6 

180.0 

977.7 

6X4XW 

14X96 

126.0 

595 

121.5 

1004.3 

48X9^ 

6X6XV'i 

16x4 

139.6 

54-4 

1800 

1  037.6 

6X6XV4 

14X96 

139.6 

59. 5 

180.0 

1072.7 

6X4XH 

14X96 

141.2 

59. S 

131. 5 

logs. 2 

6X6XV^ 

16X96 

139-6 

68.0 

180.0 

I  119. 5 

6X6XV4 

14X94 

139-6 

71.4 

180.0 

I  133.3 

6X4XH 

16X96 

I4t.3 

68.0 

121. S 

1  147. I 

6x6X5i 

14X96 

258.0 

595 

180.0 

1  154. 4 

6X4XH 

14X94 

141. 3 

71-4 

121. 5 

I  307.8 

6X6XH 

16X96 

158.0 

68.0 

180.0 

X  238.4 

6X6XH 

14X94 

158. 0 

71.4 

180.0 

1  245.2 

6X4XH 

14X94 

155.6 

71.4 

12x5 

I  301.3 

6X6XH 

16x94 

158.0 

8x.6 

180.0 

I  317.9 

6X4X^ 

16x94 

155.6 

81.6 

121.5 

1334.0 

6X6X9< 

14X94 

176.0 

71.4 

180.0 

1394.7 

6X6XH 

16x4 

158.0 

95.2 

xSo.o 

1406.7 

6X6X94 

16X94 

176.0 

81.6 

180.0 

1498.1 

6X4XH 

16x4 

170.0 

95  2 

121.5 

1499  7 

6X6X94 

16x4 

176.0 

95.2 

180.0 

X  601.3 

6X6XH 

16x4 

193.6 

95  2 

180.0 

S9I  2 

6X4X4 

136.3 

141 .8 

652.7 

6X6X4 

1498 

310  0 

688.7 

6X4XH 

I5X  4 

U1.8 

765  0 

48XM« 

6X6XH 

X68.3 

210.0 

782.3 

6X4X94 

165.8 

UI.8 

872.1 

6X4X4 

180.2 

UI.8 

873.8 

6X6X94 

186.2 

210.0 

*  From  Pocket  Companion,  Cameipe  Steel  Company,  Pittsburgh,  Pa. 
t  For  explanation  of  table,  see  page  706. 
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TAUa  nr*t  (Coatiiiaed).    Itomeata  of  Rireted  FUte  Girders 


Sises 

Weight 

per  foot 

Maximum 

f^l» ,,_ 

Web- 

end- 

Bodolos. 

plate 
and 
flange- 
angles. 

reaction  in 

UBI-I. 

Web- 

Flange* 

Flange 

Flange- 

thousands 

ia> 

plate, 
in 

angles, 
in 

plates, 
in 

plates, 
lb 

of 
pounds 

lb 

»i8.8 

6X4XH 

14X4 

136.3 

47.6 

141.  B 

9S7.3 

6X4X4 

x6X4 

136.2 

54-4 

141. 8 

WO 

6X6X^4 

903  8 

2x0.0 

*»o 

6X6X4 

14X4 

1498 

47.6 

aio.o 

1000.8 

6X4XH 

i4X5i 

X36.3 

59.S 

141. 8 

10776 

6X6XH 

i6X4 

1498 

54.4 

210.0 

1    10608 

6X6X4 

i4X5i 

1498 

59  5 

3IO.O 

10J58 

6X4XH 

14XH 

ISI  4 

59  5 

14X.8 

I  121. 4 

6X6X4 

i6X5li 

149  8 

68.0 

2X0. 0 

1142  s 

6X6X4 

14X54 

149  8 

71.4 

310.0 

MJ8S 

6X4XH 

i6X5i 

ISI  4 

68.0 

141  8 

xin-4        ^-^'^» 

6X6XH 

X4XH 

168.  a 

595 

3IO.O 

6X4XW 

14X54 

151.4 

71.4 

141.8 

I21D9 

6X6XH 

16XH 

16S.2 

68.0 

210.0 

I2SI  5 

6X6XH 

14X54 

168  2 

71  4 

210  0 

ijSS.2 

6X4X94 

14X54 

165.8 

71.4 

141  8 

1 314  3 

6X6XH 

16X54 

xes.'a 

81.6 

310. 0 

1341  0 

6X4X?4 

16X54 

165.8 

81.6 

141.8 

13S73 

6X6X54 

14X54 

186.2 

71.4 

3XO.O 

X 417.7 

6X6XH 

16XH 

168.2 

95.2 

310.0 

14398 

6X6XK 

16x54 

186.2 

81.6 

310.0 

1 521  0 

6X4XH 

i6X^i 

180.2 

95  2 

141 -8 

IS22  7                               i 

6X6X^ 

i6XTi 

186.2 

95  2 

210.0 

1624.2 

6X6XH 

16XH 

203.8 

95.2 

310.0 

Srso 

6X4X4 

146.4 

163.0 

6764 

6X6X4 

160.0 

340.0 

7U4 

6X4XH 

161.6 

162.0 

788.8                        j 

6X6XH 

178.4 

240.0 

8g6.o 

6X4X54 

176.0 

162.0 

8K8 

6X4XH 

190.4 

162.0 

8976 

6X6X54 

196.4 

240.0 

9U.I 

6X4X4 

14X4 

146.4 

47  6 

162.0 

9906 

6X4X4 

16XV6 

146.4 

54.4 

162.0 

1 002  3         48X^i     1 

6X6X4 

14X4 

160.0 

47.6 

240.0 

Z0Q2.7 

6X6XH 

214.0 

240.0 

1004.0 

6X4X4 

14X56 

146.4 

59  5 

163.0 

I35D.8 

6X6X4 

i6X4 

160.0 

54  4 

340.0 

1383  9 

6X6X4 

14X5* 

x6o.o 

595 

340.0 

II190 

6X4XH 

i4X5i 

161.6 

595 

163.0 

ZM4.5    1                      1 

6X6X4 

i6X5i 

160.0 

68.0 

240.0 

1x^.6 

6X6X4 

14X54 

160.0 

71.4 

340.0 

11796 

6X4X5* 

i6X5i 

161.6 

68.0 

162.0 

11M.4 

^- 

6X6XH 

14XH 

178.4 

59-5 

340.0 

1 

*  From  Pocket  Coropaoion,  Carnegie  Steel  Company,  Pittsburgh,  Pa. 
t  For  explanation  of  Uble,  see  page  706. 
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TaUe  IV *t  (Continued).    Eltmnls  of  Bivoted  PUto  Gadfln 


Section- 
modulus, 
axis  i-i, 

Sizes 

Weight  per  foot 

end- 

reactiofl 

thousai 

of 

pound 

Web- 
plate, 
in 

Flange- 
angles, 
in 

Flange- 
plates, 
in 

Web- 

plate 

and 

flange- 

azigles, 

lb 

Flange- 
plates, 
lb 

1200.5 
1254.1 
I  274.5 
z  291.2 

1347.3 
1364.0 
1380.0 
z  440.6 
1  452.8 

1543-9 
1545-6 

X  647.1 

48XH 

6X4XH 
6X6X5i 
6X6X5i 
6X4X54 
6X6XH 
6X4X54 
6X6X54 
6X6XH 
6X6X54 
eXAXH 
6X6X54 
6X6XH 

14X54 
16XH 
14X54 
14X54 
16X54 
16X54 
14X54 
z6XH 
Z6X54 
16XH 
16XW 
i6X% 

161. 6 
178.4 
178.4 
Z76.0 

178.4 
X76.0 

196.4 
178.4 
196.4 
190.4 
196.4 

2Z4.0 

71.4 
68.0 

71.4 
71.4 
81.6 
81.6 

71-4 
95.2 
81.6 
95.2 
95.2 
95.2 

162.. 

240.( 
24OJ 
X63. 

240. 
162 .1 
240. 
240. 
240. 
162. 

240. 
240. 

*  From  Pocket  Companion,  Carnegie  Steel  Company,  Pittsburgh,  Pa. 
t  For  explanation  of  table,  see  page  706. 
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CHAPTER  XXI 

911EXGTH  AND  STIlTNESS  OF  WOODEN  FLOORS 

I 

By 

THOMAS  NOLAN 

UfESSOR  07  AKCHITECTUXAL  COmT&UCnON,  UNIVERSITY  O?  PENKSYLVANIil. 

Hm  Problems  Stated.  The  problems  which  are  presented  ia  this  part  of 
bbg-coostruction  are,  in  general,  (i)  the  designing  of  the  joists  and  girders 
tdig  the  framework  of  the  floor  to  safely  support  the  greatest  load  likely  to 
fee  upon  it,  and  (2)  the  determination  of  the  maximum  safe  load  for  a  floor 
ttdy  built.  The  first  of  these  problems  is  the  one  with  which  architects 
Ibcdldezs  more  commonly  have  to  deal,  and  is,  therefore,  considered  first. 

UlFOVt  of  the  Floor-Framing.  Before  any  calculations  can  be  made  for 
(sizes  of  the  timbers  it  is  neoessary  to  know  the  spans  of  the  joists,  and,  if 
pe  ire  openings  in  the  floor,  or  the  floor-joists  have  to  support  longitudinal 
llakms,  a  framing-plan  should  be  made,  showing  the  floor-area  that  will 
sqiported  by  each  joist,  and  also  the  position  of  partitions  or  special  loads, 
fbe  floor  is  to  be  supported  by  posts  and  girders  the  position  of  these  should 
I  be  accurately  indicated  on  the  framfaig*plan.  Where  the  joists  are  sup- 
pel  entirely  by  walb  or  partitions,  the  spans  of  the  joists  will  of  course  be 
^  by  the  plan  of  the  building.  When  the  distance  between  a  wall  and  a 
MtitHi  b  too  great  for  a  single  span,  there  may  be  a  question  as  to  the  best 
lldoQs  for  the  posts  and  girders.  When  planning  a  building  in  which  wooden 
Is  are  to  be  used,  it  is  important  to  keep  in  mind  the  general  scheme  of  the 
hfcanung  and  [>articularly  the  spans.  Whenever  practicable  the  spans  of 
den  joists  should  not  exceed  24  ft.  When  the  distance  between  the  sup- 
&]g  walk  exceeds  30  ft,  girders  should  be  placed  so  that  the  maximum  span 
be  joists  will  not  exceed  24  ft  for  light  buildings  nor  from  16  to  18  ft  for 

RUUSCS* 

I  School  Buildings  it  is  desirable  to  have  the  rooms  at  least  27  ft  wide,  and 
be  in  thb  class  of  buildings  the  joists  usually  have  spans  of  from  27  to  30  ft. 
a  span  of  30  ft,  however,  16- in  joists  should  be  used,  and  as  these  are  expeu' 
'f  and  often  difficult  to  obt£dn,  it  is  much  better  and  more  economical  to 
le  the  schoolrooms  27  by  32  or  34  ft,  than  to  make  them  30  ft  square.  A 
olnxHn  27  ft  wide  by  from  32  to  34  ft  long,  with  windows  on  the  long  side, 
^  is  economical  and  satisfactory,  as  it  permits  of  using  3  by  14-in  jobts, 
\hag,  and  also  results  in  the  most  satbfactory  lighting. 

>— fa**'^—  Joiets.  When  joists  are  supported  by  a  girder  placed  so  that  a 
\  or  26-ft  joist  extends  over  the  two  spans,  it  b  always  better  to  have  the 
I  continuous  over  the  girder,  as  by  that  construction  they  make  a  much 
ir  floor.     (See  Chapter  XDC.) 

Ur-Loaida.  Having  decided  on  the  arrangement  of  the  joists,  and  drawn 
■oog-plan  showing  the  tptok  and  the  locations  of  all  special  timbers,  the 
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next  step  involves  the  determination  of  the  loads  for  which  the  joists  and  gird 
are  to  be  proportioned.  Floor-loads  are  made  up  of  two  parts»  the  weight 
materials  composing  the  floor  itself,  and  the  ceiling  below,  if  there  is  one;  i 
the  load  liable  to  be  put  on  the  floor.  The  first  is  called  the  dead  ioad,  i 
the  second  the  live  load.  When  the  safe  load  for  a  floor  is  spoken  of 
live  load  is  generally  meant. 

Weight  of  Wooden  Floor-Conttnsction.  Wooden  floors  usually  consisl 
(i)  beams,  commonly  called  joists,*  or  jlook-joists,  (9)  one  or  two  tfackaa^ 
of  flooring-boards,  and,  in  a  finished  building,  (3)  a  ceiling  underneath 
joists.  In  figuring  the  weight  of  H*in  flooring-boards  it  will  be  sufl&ciei 
accurate  to  estimate  the  weight  of  a  single  thickness  at  3  lb  per  sq  ft.  ' 
joists  may  also  be  figured  at  3  lb  per  ft,  board-measure,  with  the  exceptioi 
hard-pine  and  oak  joists,  which  should  be  figured  at  4  lb  per  ft,  board-meaai 
The  weight  of  the  joists  must  also  be  reduced  to  their  equivalent  weight 
square  foot  of  floor.  Thus,  the  weight  of  a  2  by  x2-in  joist  is  about  6  lb  pa 
ft.  If  the  joists  are  spaced  12  in  on  centers,  this  will  be  equal  to  6  lb  per  s<; 
but  if  the  joists  are  16  in  on  centers  there  will  be  but  one  linear  foot  of  j 
to  every  tHsqiU  which  will  be  equivalent  to  47*  lb  per  sq  ft;  and  if  they 
20  in  on  centers,  the  weight  will  be  equal  to  3H  lb  per  sq  ft;  spaced  24  ix 
centers,  the  weight  will  be  3  lb  per  sq  ft.  The  weight  of  a  lath-and-pla 
ceiling  should  be  taken  at  10  lb  per  sq  ft,  and  of  a  ^-in  wooden  cdling  at  2] 
per  sq  ft.  A  corrugated-iron  ceiling  weighs  about  i  lb  per  sq  ft.  For  stanq 
steel  ceilings,  2  lb  per  sq  ft  will  cover  the  weight  of  the  metal  and  furring. 
following  table,  giving  the  weight  of  joists,  will  be  found  convenient  in  fign 
the  weight  of  floors: 


Table  L    W^i^t  of  Floor- Joists  par  S^oara  Faot  of  Floor 


Sizes  of  joists 


m 


aX  6 
2X  8 
3X  8 
2X10 
3Xro 

2X12 

3X12 

2X14 
3X14 


Spruce,  hemlock, 
white  pine 


Spacing  in  inches, 
center  to  center 


T2 


lb 


3 

4 
6 

5 

6 
9 

7 
io>4 


16 


lb 


Hard  pine  or  oak 


Spacing  in  inches, 
center  to  centcs- 


12 


lb 


2H 

4 

3 

SH 

aH 

8 

3H 

6H 

S\i 

10 

4V4 

8 

en 

12 

5\i 

9M 

8^ 

14 

x6 


lb 


3 
4 
6 

5 

7H 

6 

9 

T 

xoM 


Weii^t  of  Crowds.    !••  J.  Johnson  reports  f  re$ults  of  some  tests  to  m 
tain  the  weight  of  crowds  oi  men,  in  which  he  obtained  weights  of  134.2,  x^ 

*  Sotte  baUiag  laws  use  tJke  term  YU>aB*BBAM  laatflad  of  the  word 
1  See  Knginrrring  News,  April  14,  1904. 
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Li  and  156.9  lb  per  sq  ft.  The  kst-mentiooed  weight  was  obtained  by  ptfck- 
67  sen  in  a  room  about  6  by  xi  ft  in  site.    Profesaor  Joknaon  also  found 

with  50  men  in  the  room,  makins  a  load  of  122  lb  per  sq  ft,  the  crowd  was 
"90  that  a  maa  could  dbow  his  way  thibvgh  h  only  with  persereiv 

aad  determined  effort. " 

Seperifflpoaed  Loads.    There  is  much  difiference  of  opinion  as  to  what 
ice  should  be  made  for  the  live  load.    Table  11  shows  the  minimum 
for  five  loads  for  different  classes  of  buildings,  as  fixed  by  the  build- 
of  the  cities  mentioned.     (See,  also,  page  149.) 


liUe  n.    MtaJmnm  Sal •  Sivcclnpoaad  Loads  for  flooiSk  Repaired  by 

Vacioas  BafUUng  Laws 


tenements  and  lodg- 

Jag-fcoQses 

boildmgs 

for  public  aseembty 
varehoases  and  mf  g. 


Mmimitm  liire  load  per  square  foot  of  floor 


Buffalo. 
1 90s 


40 

70 

70 
zoo 

xaot 


Boston, 
191S 


Chi. 
cago. 
19x6 


so 

SO 

80 

xoo 

xast 


40 

SO 

SO 

XOO 

root 


Phfhi. 

delphia. 

19x4 


70 

70 
xoo 

X30 
X30t 


New 

York. 
X917 


40 

60 
60* 

XOO 

taot 


8t. 

Louis, 
19x0 


60 

60 

70* 
loot 

ISOt 


*  Fhat  flocM',  X50  lb. 


t  Also  school-hoaaes. 


t  And  upwards. 


&  was  the  oponion  of  Mr.  Kidder  that  the  following  allowances  for  floor-loads, 
Ifcec  in  connection  with  the  values  given  for  the  safe  strength  of  joists  or  beams, 
pvide  absolute  safety  with  proper  allowance  for  economy. 

Lb  per 
iqft 

For  dwellinga,  skepuig^rooinB  and  lodging-rooms 40 

For  scboolxooms 50 

For  offiofrteildxxigs*  iqiper  stoiies 60 

For  offioe-buildiQgs,  first  story fio 

For  stables  and  cariiage-boiises 6s 

Fa- baalias-rooiBS^  drarchea  and  theateiB 80 

For  aasembly-^iaUa^  dandng-halla  and  the  oorridocs  of  aU  public 

hsildine^  iaduding  botda. xao 

For  ddy-roons. 150 


for  Stofss  sad  BoBdiags  isr  Uglii  MaBufsfltadng.    Floors  i(* 

-, %  Hgfat  manufactnring  and  light  storai^  sihoukl  be  compiited  for 

Ibb  than  xao  Jb  per  sq  ft,  and  tar  a  concantrated  load  at  any  peSnt  of 

Lsads  for  Dw^Bngs,  etc    Floors  of  dwefliogs,  tenements,  lodging-houses 

[moms  m  botds,  are  seldom  loaded  with  more  than  20  lb  per  sq  ft  for  the 

area,  axid  a  nitnimiim  load  of  40  lb  per  sq  ft  should  provide  for  all 


720  Strength  and  Stiffness  of  Wooden  Floors         Chap. 

Live  Loads  for  Ofllce-Baildiiigi.  The  floors  of  offices  are,  as  a  rule,  not  m 
heavily  loaded  than  the  floors  of  dwellings,  but  the  possibilities  for  incmi 
loads  from  safes  and  heavy  furniture,  and  possibly  from  a  more  compact  era 
of  people,  are  greater,  so  that  the  minimum  floor-load  for  offices  should  be  sol 
what  increased.  Some  years  ago  the  firm  of  Blackall  &  Everett,  in  Bod| 
found  that  the  average  live  load  in  210  offices,  in  three  prominent  office-buiicfi 
in  that  city,  was  between  x6  and  17  lb  per  sq  ft,  while  the  average  load  for  the 
heaviest  office-buildings  was  33.3  lb  per  sq  ft.  As  such  loads,  however,  are 
a  rule  unevenly  dbtributed,  some  portions  of  the  floor  being  generally  mi 
more  heavily  loaded  than  others,  it  would  not  appear  to  be  safe  to  use  t 
average  to  determine  the  strength  of  floor-beams  and  floor-arches,  although 
would  probably  answer  for  the  columns.  There  seems  to  be  a  considerable  difl 
ence  of  opinion  among  the  leading  architects  and  structural  engineers  as  to  j 
what  allowance  should  be  made  for  office-floors.  Among  some  of  the  ear* 
fire-proof  office-buildings,  for  example,  may  be  mentioned  the  former  tA 
Building  in  San  Francisco  in  which  the  live  loads  were  assumed  at  40  lb  per 
ft  for  all  floors  above  the  first.  In  the  Venetian  Buildiilg,  Chicago,  the  seco 
third  and  fourth  floors  were  calculated  for  60,  and  the  upper  floors  for  35  lb 
sq  ft  of  live  load,  while  in  the  Old  Colony  and  Fort  Dearborn  Buildings 
Chicago,  the  live  loads  on  the  floor-beams  were  assumed  at  70  lb  per  sq 
At  the  present  time  (1915),  50,  60,  70,  75,  zoo  and  150  lb  per  sq  ft  are 
minimum  live  loads  for  the  design  of  floors  of  office-buildings  required  by 
building  laws  of  six  different  cities.  C.  C.  Schneider  recommends*  for 
design  of  floors  of  office-biuldings  above  the  first  floor,  for  the  uniform  I 
of  the  floor-area,  50;  for  concentrated  loads  applied  at  any  point  of  the  SU 
5  000;  and  for  the  uniform  load  for  girders,  i  000;  the  50  being  in  pounds 
sq  ft,  the  5  000  in  pounds  and  the  i  000  in  pounds  per  linear  foot. 

Liye  Loads  for  Churches,  Theaters  and  School-Houses.    "An  allowancf 
120  lb  per  sq  ft  for  the  live  load  in  churches,  theaters  and  school-houses  is  m 
greater  than  the  actual  conditions  require.    The  average  size  of  a  schoolrc 
is  about  28  by  32  ft,  and  such  a  room  usually  contains  seats  for  fifty-six  schoi 
and  the  teacher.     Assuming  the  average  weight  of  each  scholar  at  120  lb, 
average  live  load,  including  ten  visiting  adults  and  the  desks  and  furniture 
13  lb  per  sq  ft.    Even  supposing  that  the  scholars  of  two  rooms  were  uai 
for  some  special  occasion,  there  would  be  only  22  lb  per  sq  ft;   and  this  12 
great  a  load  as  it  is  possible  to  imagine  in  such  a  room,  as  the  fixed  desks  pre\ 
the  crowding  together  of  the  scholars  except  at  the  sides  of  the  room.     Fi 
this  reasoning,  therefore,  50  lb  per  sq  ft  would  appear  ample  for  sdioolroo 
As  a  matter  of  fact,  3  by  14-in  long-leaf  yellow-pine  joists,  x6  in  on  cen 
and  with  a  28-ft  span,  have  been  used  for  school-room  floors  for  years; 
such  beams,  if  calculated  by  the  formula  for  stiffness,  would  support  a 
load  of  only  43  lb  per  sq  ft.     (Table  XII,  page  643  and  Table  I,  page  7 
The  minimum  floor-space  allotted  to  a  single  seat  in  theaters  is  4  sq  ft,  sr 
the  average  is  about  5  sq  f t.    Assuming  the  weight  of  an  opera-chair  at  si 
and  of  the  average  adult  at  140  lb,  a  liberal  allowance,  there  results  an  avea 
of  44  lb  per  sq  ft  of  floor.    A  minimum  of  80  lb  per  sq  ft  would  therefore  ai 
to  provide  for  any  posable  crowding  during  a  panic,  except  in  corridors, 
the  other  hand,  it  has  been  shown  (see  Weight  of  Crowds,  page  7x8)  tfaa 
crowd  of  able-bodied  men  may  result  in  a  load  of  about  120  lb  per  sq  ft, 
this  should  be  the  minimum  for  assembly-halls  without  fixed  desks  and  alaa 
the  coiridors  of  all  public  buildings.    For  armories,  the  minimum  load  sIm 
be  increased  on  account  of  the  vibration. "  t 

•  '*  General  Specifications  for  Structuxal  Work  of  BuilcUngs,"  s9io,  pt^e  si. 
t  F.  E.  Kidder. 
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He  Ayerace  Floof^Xoads  for  Stortii  has  also  been  greatly  over-estimated. 
L  B.  Jcnney  found  that  the  average  load  on  the  floors  of  the  wholesale  ware- 
of  Marshall  Field  &  Company,  in  Chicago,  was  but  50  lb  per  sq  ft,  and 
km  retail  stores  will  average  over  80  lb  per  sq  ft.    An  allowance  of  120  lb 
sq  f t  b  sufficient  for  ordinary  retail  stores,  with  the  possible  exception  of 
Ivare  stores. 

lire  Loads  for  Warehoases.    Warehouses,  on  the  other  hand,  may  be  very 
loaded,  and  the  floors  in  buildings  intended  for  the  storage  of  merchan- 
sboukl  be  proportioned  to  the  especial  class  of  goods  which  they  are  de- 
to  support.    Table  III,  originally  compiled  by  C.  J.  H.  Woodbury,* 
to  which  some  additions  have  been  made  by  the  Insurance  Engineering 
It  Station  and  by  Mr.  Kidder,  will  be  found  of  assistance  in  deciding 
the  live  load  to  be  assumed  for  warehouse-floors.    The  weights  per  square 
are  for  sin^e  packages.    If  the  goods  are  piled  two  or  more  cases  high, 
weight  per  square  foot  of  floor  will  of  course  be  increased  accordingly.    In 
the  height  to  which  the  goods  are  liable  to  be  piled  is  a  very  important  con- 
m  in  fodng  upon  the  floor-load.    In  Table  III  "the  measurements  were 
lys  taken  to  the  outside  of  case  or  package,  and  gross  weights  of  such  pack- 
are  given. " 

Methods  of  Determioing  the  Sizes  of  Joists,  Beams  or  Girders  Re- 
for  Any  Building.  As  already  explained,  the  first  step  is  the  making 
a  framing-plan  of  the  floors  or  enough  of  it  to  show  any  special  framing 
also  the  span  and   floor-area  supported  by  the  different  joists,  beams 


Table  IlL    Weights  of  Merehandise  f 


Materials 


k 


Measurements 


Floor- 
space, 
sq  ft 


Con- 
tents, 
cuft 


Weights  in  pounds 


Total, 
lb 


Per 

sqft 


Per 

cuft 


m^. 


Wool 


,  East  India 

toi]e,  Australia 

South  America. 

Oregon 

California 

_  _.  wool 

^fack  of  scoured  wool . 


3-0 

la.o 

340 

"3 

S.8 

26.0 

38s 

66 

7.0 

34.0 

I  000 

143 

6.9 

33.0 

482 

70 

75 

330 

550 

73 

S.o 

30.0 

200 

40 

28 

IS 

29 

IS 

17 

7 
5 


Woollen  Goods 


.  flannels 

ICmk,  flannels,  heavy. 
Case,  dress  goods 

cashmeres 

underwear 

blankets 

borae>blankets . 


s.s 

12.7 

220 

40 

7.1 

15.2 

330 

46 

55 

22.0 

460 

84 

lo.s 

28.0 

SSO 

52 

7.3 

21.0 

3So 

48 

10.3 

35  0 

4S0 

44 

40 

14.0 

250 

6^ 

17 

22 

21 
20 
16 

13 
18 


*Tbe  Fire  Protection  of  Mills,  page  118.     t  See,  also,  pages  1501  to  1508. 
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Materials 


Measxtrements 


Floor- 
space, 

sq£t 


Con- 
tents, 
cuft 


Weights  in  pounds 


Total, 
lb 


Per 
sqft 


cuft 


Cotton,  Etc 


Bale 

Bale,  compressed 

Bale,  American  Cotton  Co 

Bale.  Planters'  Compressed  Co 

Bale,  }ute 

Bale,  jute  lashings 

Bale,  manila 

Bale,  hemp 

Bale,  sisal 


8.Z 

44.2 

SIS 

64 

4-1 

21.6 

550 

134 

4.0 

IX. 0 

263 

66 

23 

7.« 

3S4 

no 

3-4 

99 

300 

125 

a.6 

10.5 

4SO 

172 

3.a 

10.9 

aSo 

88 

8.7 

34.7 

700 

8x 

S3 

17.0 

400 

75 

L2 

25 
24 

35 
30 
43 
26 


24 


Cotton  Goods 


Bale,  vmbleachfed  jeans. . 

Piece  duck 

Bale,  brown  sheetings. . . 
Case,  bleached  sheetings . 

Case,  quilts 

Bale,  print  cloth 

Case,  prints 

Bale,  .tickings 

Skeins,  cotton  yam 

Burlaps 

Jute  bagging 


300 

72 

24 

75 

68 

33 

235 

65 

23 

3.V> 

69 

30 

295 

41 

16 

lis 

44 

19 

420 

93 

31 

32s 

•  •  •  ■ 

99 

37 
IX 

130 

30 

100 

70 

24 

Rags  in  Bales 


White  linen. . . 
White  cotton. . 
Brown  cotton . 
Paper  shavings 

Sacking 

Woollen 

Jute  butts 


8.5 

395 

910 

107 

9.2 

40.0 

715 

78 

7.6 

JO.O 

442 

59 

7  5 

34.0 

507 

68        ) 

16.0 

65.0 

450 

28 

7.5 

30.0 

600 

80 

3.8 

IX. I 

400 

143 

23 

x8 

IS 

IS 

7 

20 

3S 


Paper 


Calendered  book 

Supercalendered  book. 

Newspaper 

Strawboard 

Leather-board 

Writing 

Wrapping 

Mftwija 


5C 

3! 

33 
SI 

n 
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Talite  HZ  (CoBliimed).    Wdchte  of  Monluuidiae 


Materials 


Measurements 


PloOtw 

space* 

sqft 


Con- 
teats, 
cu  ft 


Weights  in  pounds 


Total, 
lb 


Per 
sqft 


Grain  * 


IHicat.  in  bags 

mieat,  in  bulk,  mean 

Bands,  flour,  on  side 

Barrels,  flour,  on  end 

Conuin  bags 

Commcal.  in  barrels , 

Okts.  in  bags , 

Bale  of  bay 

Ray.  I>ederick.  compressed 

Straw.  I>ederick.  compressed 

Tow.  Dederick.  compressed 

Escdsior,  Dederick.  compressed. 
Hay,  kx»e 


4-2 

4.2 

I6S 

40 
S3 

4.x 

5-4 

2I8 

3.x 

7.1 

2X8 

70 

3.6 

3.6 

XI3 

31 

3  7 

59 

2l8 

59 

3  3 

3-6 

96 

29 

5-0 

20.0 

284 

57 

1.75 

5.25 

125 

72 

1. 75 

5. 25 

100 

57 

1.75 

5.25 

150 

86 

1.75 

5  25 

100 

57 

DinsruFFs,  Etc 


Hothead,  bleaching  powder. 

Hothead,  soda-ash 

Bcu.  indigo 

Box,  catch 

Boo^sonoac 

C&itttic  soda  in  iron  drum. . . 

BbtrI,  starch 

Barrel,  peaxl-aluni 

BoK.  extract  logwood 

Barrd.  lime 

Barrel,  cement.  American — 
Barrel,  cemmt,  English 


rofiin... 
Barrel,  lard-oil. 
Bope 


XX. 8 

39.2 

I  200 

102 

10.8 

29-2 

X  800 

167 

3.0 

9.0 

385 

128 

4.0 

3.3 

ISO 

38 

1.6 

4.1 

x6o 

100 

4-3 

6.8 

600 

140 

3.0 

10.5 

250 

83 

3-0 

10. 5 

350 

117 

1.06 

0.8 

55 

52 

3.6 

4.5 

225 

63 

3* 

55 

32s 

86 

3.8 

5.5 

400 

105 

3.7 

6.1 

325 

88 

3.0 

9-0 

430 

143 

4.3 

12.3 

•  •■■•• 

422 

98 

MiSCELLANBOUS 


Box.  tin 

Box,  gilass 

Cnte.  crockery 

Cask,  crockery 

Bale,  leather 

Bale,  goatskins 

.Bale,  taw  hides 

Bale,  raw  hides,  n^mpressed. 

B^  sole-leather 

PQe.  sole-leather 

Barrel,  granulated  sugar 

iBhsrel,  brown  sugar 


2.7 


9.9 
13.4 

7  3 
II. 2 

6.0 

6.0 
12.6 


3.0 
3.0 


0.5 

39.6 

42.5 
12.2 
16.7 
30.0 
30.0 

8.9 

7.5 

7.5 


139 

I  600 
600 

190 
300 
400 
700 
200 

317 
340 


99 


X62 
52 
26 
27 
67 

"7 
22 

X06 

113 


*  For  pRcasure  of  grain  in  deep  bins,  see  Engineering  News,  March  xo,  1904,  pages  2: 
Bd336.  aad  Dec  X5.>  x904* 
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The  second  step  is  to  determine  appronmately  the  weight  of  the  floor  and  cc 
ing,  and  decide  what  superimposed  load  per  square  foot  the  floor  is  to  be  design 
to  carry.  Having  done  this,  the  neat 'Step  is  the  computing  of  the  requir 
dimensions  of  the  common  floor-joists.  For  most  buildings  the  size  of  flo< 
joists  required  can  be  readily  determined  by  reference  to  Tables  XIII  to  XV! 
inclusive,  and  XXII  to  XXVI,  inclusive,  of  this  chapter.  For  other  floor-loa 
the  sizes  of  the  common  joists  may  be  determined  by  computing  theJoad 
be  supported  by  a  single  joist  and  then,  by  the  formulas  or  tables  in  Cbapi 
XVI  or  the  formulas  in  Chapter  XVIII,  determining  the  dimensions  of  the  joi 
to  support  that  load.  (Sec  Example  i.)  For  the  floors  of  all  buildings  exec 
stores  and  warehouses  it  is  recommended  that  the  sizes  of  the  common  joi 
be  determined  by  the  formulas  for  stiffness  in  Chapter  XVIII  or  the  stiff ne 
values  in  the  tables  in  Chapter  XVI,  unless  one  value,  only,  is  given  ia  tab 
for  safe  loads,  in  which  case  that  value  may  be  used.  For  stores  and  wa 
houses  the  sizes  of  the  joists  may  be  pro{^rtioned  by  the  formulas  or  streas^ 
values  of  the  tables  in  Chapter  XVI. 

The  Dimensions  of  Special  Beams,  such  as  headers,  trimmers  and  beams  si 
porting  partitions,  and  also  of  the  girders,  should  be  determined  in  the  sa 

way,  that  is,  by  compi 
ing  the  manmutn  k 
the  beam  may  have 
support,  and  thea  1 
dimensions    of     a    be 

that    will    support    t) 

cj)  pf      load   with   safety.     1 

manner  of   making 
computations  is  < 

5)5 p^      plained  in  the   follow 

examples. 

Example  i.     The  si 
plest  type  of  floor-fn 
ing  b  that  shown  in  ] 
Fig.  1.    Plan  of  Floor-joists  1,   in  which   all    of 

joists  are  of  the  aa 
span  and  support  equal  floor-areas.  In  such  a  floor,  the  floor-akea  9 
ported  by  each  joist  is  equal  to  the  span,  L,  multiplied  by  the  spacing,  ^ 
feet.  The  load  on  each  joist  is  equal  to  the  floor-area  multiplied  by 
sum  of  the  dead-loads  and  superimposed  or  live  loads.  To  show  tbe  appG 
tion  of  the  above-mentioned  formulas  and  tables  we  will  assume  that  Fi| 
represents  the  framing  of  a  floor  in  a  dwelling-house  or  lodging-hoiise,  t 
£  >-  x8  ft,  5  "  1 6  in  or  I ^  ft,  and  that  the  timber  is  common  white  pine.  1 
joists  are  to  support  a  plastered  ceiling  and  a  double  floor  of  ^^in  boai 
What  should  be  the  size  of  the  joists;  average  quality,  conditions  not  ideal? 

Solutioa.  The  floor-arjea  supported  by  each  joist  is  iH  by  i8,  or  34  sq 
From  Table  XIII  or  XXII,  pages  737  and  742,  for  a  span  of  18  ft,  the  jq 
will  probably  have  to  be  at  least  2  by  1 2  in,  and  their  weight  will  be  about  4} 
per  sq  ft  (see  Table  I,  page  718).  The  plastered  ceiling  weighs  about  10  lb ; 
the  flooring  6  lb  per  sq  ft,  making  the  total  weight  of  the  floor  2oV^  lb  per  st 
For  the  superimposed  load  we  should  allow  at  least  40  lb  per  sq  ft  (see  f 
719)-  This  might  be  greater,  if  exacted  by  any  particular  buildini^  law.  ' 
load  on  a  single  joist  will,  therefore,  be,  with  these  assumed  unit  loads,  66| 
by  24  sq  f t,  or  I  452  lb. 

From  Table  VIII,  page  639,  we  And  that  the  maximum  load  for  a  x 
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phk  wlote-pine  jobt  of  i8  ft  span  is  623  lb;  hence  to  support  1 453  lb  wiH 
peiSBe  a.  bceadth  equal  to  145^/625  «  3H  in*  Therefore^  to  comply  with  the 
pwpiirenients  for  both  strength  and  stiffness,  the  joists  should  be  2  H  by  13  in. 
This  is  not  a  stock  size.  Joists  2  by  12  in,  13  in  on  centers,  may  next  be 
tied.  Each  joist  must  support  x  116  lb,  requiring,  by  Table  VIII,  page 
I39,  a  1.8  by  i2-in  joist,  determined  by  the  quotient  1 116/623.  So  that,  in 
^  oeamplc,  white-pine  joists  of  a  nominal  size  of  2  by  12  in  and  spaced  12  in 
pcentcn  might  be  used,  although  they  are  slightly  under  the  required  depth, 
lithe  dressed  size  is  about  iH  by  iiH  in.  From  Table  VI,  page  637,  the 
^version-factor  is  1.61,  and  623  lb  x  i  .61  —  i  003  lb  which  is  less  than  i  1 16  lb, 

fknd  to  be  supported.  From  Tables  XIII  and  XXII,  pages  737  and  742, 
laaaimum  spans  for  2  by  12  in  white-pine  joists,  12  in  on  centers,  are  19  ft 
^  iS  ft  8  in  respectively,  according  to  the  assumed  value  of  the  modulus  of 
^Ktidty  for  white  pine.  For  3  by  T2-in  joists,  x6  in  on  centers,  the  load  is 
1506  lb.  and  i  506/623  »  2H  in.  The  dressed  size  is  almost  iH  by  iiV^  in, 
tk  conversion-factor,  3.53,  and  623  X  3.53  ■  i  576  lb,  an  amount  greater  than 
^506  lb.  Tables  XIII 
XXII,  again,  give 
ft  8  in  and  19  ft 
^in  for  the  maximtun 
Joists  3  by  12, 
on  centers,  are  ^ 

than    neces- 

If,  in  this   ex- 

,  the  span  is  made 

ft.  by  Table  VIII, 

639,     for    1 2-in 

\  two  values  for  the 

loads   are  found, 

the  smaller,  stiff- 

rvahie,  should    be 

unless  the  deflec- 

need  not  be  con- 
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a.    Fig.  2 

a  partial  section 

dwdling,  in  which 

second-floor  joists 

>rt    a     plastered 

which    also 

(theattic  joists. 

should   be    the 

:  of  the  second-floor 

to  meet  the  re- 
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Fig.  2.    Section  Through  Floors  and  Partitions 


P 


its  of  STRENGTH,  the  timber  being  fair^iuality  Eastern  spruce  with  a 
fiber-stress  assumed  to  be  700  lb  per  sq  in  for  flexure?  As  the  effect  of  a 
Lted  load«  compared  with  a  distributed  load,  in  producing  deflection,  is 
as  great  as  the  comparative  effect  in  producing  rupture,  whenever  a  beam 
a  considerable  concentrated  load  it  may  be  calculated  by  the  formula  or 
FOR  STRENGTH  ONLY.    The  timber  b  assumed  to  be  poorly  seasoned. 

The  first  step  will  be  to  determine  the  load  on  a  single  floor- joist. 
\  iriO  assume,  as  a  trial,  that  the  joists  are  to  be  2  by  to  in,  x  2  in  on  centers, 
both  the  fiist-stoiy  and  second-stoiy  ceiling'  are  tobe  ptastteted-,  and  that 
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only  single  flooring  will  be  used  in  the  second  stoty  and  attic.  We  wiH  assu 
that  the  attlc^joists  are  to  be  2  by  8  in,  x6  in  on  centers,  and  that  the  width 
floor  supported  by  the  partition  b  10  ft. 

The  second-floor  area  supported  by  a  single  joist  is  12  in  by  15  ^t,  or  15  sq 
The  weight  of  the  floor-joists  per  sq  f t  is  5  Ib^  of  the  plastered  ceiUng  to  lb  • 
of  the  flooring  3  lb,  making  the  dead  load  per  sq  ft  18  lb.  For  the  live  or  sup 
imposed  load  we  should  allow  40  lb  and  hence  the  load  per  square  foot  on  ei 
second-floor  joist  due  to  the  second  floor  and  its  load  is  58  lb.  As  the  flo 
area  for  a  single  joist  is  15  sq  ft  the  load  from  ths  second  floor  is  15  sq  It 
58  lb  per  sq  ft  or  S70  lb  on  each  joist.  We  mist  sow  And  what  will  be  ( 
load  from  the  partition  and  attic-floor.  The  attic-floor  and  ceiling  weigh  ab( 
x6  lb  per  sq  ft,  and  24  lb  is  a  sufficient  allowance  for  the  live  load.  The  weif 
per  linear  foot  on  the  partition  will  therefore  be  400  lb.  A  partition  of  2 
4-in  studs,  lathed  and  plastered  on  both  sides,  weighs  about  20  lb  per  sq  ft 
face;  hence  the  partition  itself  weighs  iSo  lb  per  lin  ft.  The  partition  a 
attic-floor,  therefore,  bring  a  load  of  sSq  lb  on  each  second-floor  joist.  c( 
CENTRATED  at  a  point  ONE-FOURTH  of  the  span  from  the  inner  end  of  the  joi 
To  combine  this  concentrated  load  with  the  load  from  the  second  floor, 
must  multiply  the  concentrated  load  by  1.5  (Table  TV,  page  632),  which  gi^ 
an  equivalent  distributed  load  of  870  lb.  Adding  this  to  the  secoxhd-floor  k 
we  have  i  740  lb  as  the  total  load  for  wluch  each  joist  should  be  proportion 
From  Table  VTII,  page  639,  we  find  that  the  safe  load  for  a  r  by  10^  spn 
joist  of  15-ft  span  is  518  lb;  hence  the  breadth  of  each  joist  should  be  equal 
I  740/518  -  3.36  or  about  3H  in.  Deeper  joists,  therefore,  must  be  used, 
we  try  2  by  12-in  joists,  12  in  on  centers,  the  safe  load  for  a  i  by  12-in  spn 
joist  of  is-ft  span  is  747  lb.  Hence  the  breadth  is  i  7SS/747  ■■  2^5  or  ab< 
2M  in,  indicating  2H  by  12-in  joists,  12  in  on  centers.  If  the  fiber-atresi 
assumed  at  800  lb  per  sq  in,  the  values  of  Table  X,  page  641,  may  be  us 
This  will  give,  for  2  by  12-in  joists,  12  in  on  centers  and  is-lt  span,  854  lb 
the  safe  load  for  a  i  by  12-in  joist;  and  i  755/854  -  about  2  in.  The  load  j 
sq  ft  on  each  of  these  joists  is  i  755/15  =  117  lb;  and  Tables  XVI  and  X3i 
pages  739  and  744,  give  16  ft  6  in  and  16  ft  i  in  for  the  maximum  s 
spans. 

Example  3.  It  is  required  to  determine  the  sizes  of  the  girders  and  joists 
the  floor  showirin  Fig.  3,  all  of  the  timbers  being  of  long-leaf  yellow  pine,  1 
the  floor  above  being  supported  by  posts  and  girders  in  the  same  way.  1 
building  is  intended  for  lodging  purposes,  and  the  height  of  the  story  is  xo 
There  is  to  be  a  double  floor  and  the  ceilings  and  partitions  are  to  be  pUstei 
The  floor-joists  are  to  be  spaced  16  in  on  centers.  Average  timber,  poorly"  seasoz 

Solution.  We  will  first  determine  the  size  of  the  common  joists  at  A,  caB 
the  span  24  ft.  The  floor-area  supported  by  a  single  joist  is  24  by  iH  ft. 
32  sq  ft. 

From  Table  XUI  or  XXII,  pages  737  and  742,  for  a  24-ft  span,  2H  by  Xi 
joists  are  probably  required.  We  will  allow  8^4  lb  per  sq  ft  for  the  wci^ 
joists  and  bridging  (Table  I,  page  718),  10  for  the  ceiling  and  6  for  the  floor 
making  24^  lb  per  sq  ft  for  the  dead  load.  For  the  live  load  we  will  allow 
lb  per  sq  ft.  The  load  for  which  the  joists  should  be  proportioned  is,  tb 
fore,  32  by  64*4  or  2  072  lb.  We  may  use  Table  XII,  page  643,  to  find 
maximum  load  for  a  i  by  14-in  joist  of  24-ft  span.  The  deflection-load  give 
the  table  is  882  lb;  hence  the  thickness  of  the  joists  must  equal  2  072/8! 
2.35  or  about  2H  in.  Thcrdore  2H  by  14-in  long-leaf  yellow-pine  joists^  j.\ 
on  centers,  may  be  used,  but  they  should  run  >full  2V^  in  thick.  The  |c 
ftt  B  (Fig.  3)  have  to  support  a  partition,  but  as  the  span  is  much  less^  asd 
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Jpititioais  quite  near  the  end  of  the  jouU,  it  will  be  ult  to  nuke  them  of  tbe 

The  juuti  at  C  (Fig.  3)  luve  IIm  Mme  Oaot-laad  to  mipixirt  ta^  A,  utd  ia 
•dditioQ  tlie  vdgbt  of  the  putitioo,  which  ii  concentratM  &t  one-third  of  the 
ifon  from  ODC  luppon.  As  the  putitiwi  is  lo  (t  hi<b,  13  ^  aq  It  of  partition  vill 
be  n^^iaited  by  uch  joiit,  the  joiils  being  16  in  on  ccateis.     Auumiag  lo  Lb 


ri|.  3.    Plan  of  Ftooc-fniaiai  Showing  Psrtitloni  Above 


|b  tq  ft  of  face  as  tbe  wdght  of  the  partition,  we  have  16;  lb  u  the  weight 
n  the  putidoD  to  be  bofDc  by  eich  joist.  To  reduce  tbia  to  an  equivalent 
"'  "      "       ■-■—■'-■— '-"'-■by  1.7a  (Tible  IV,  p»ge6ji).wychgive» 

e,  ihould  be  proportioned  to  a  uniformly 
n  JOTsts, 


, «vu  _~u,  je  should  multiply  by  .,,<,  ^ ••'»>.  •• ,  h* 

P  b.   Tte  joists  H  C,  theicjore,  should  be  proportio 
piihiited  load  of  3  073  -i-  468  >  1  540  lb,  which  requirea 
1,  iqr,  3  by  14->I>  ioiiti. 
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The  HMder.  We  will  next  determine  the  required  breadth  for  the  head 
E  (Fig.  3),  the  depth  being  necessarily  14  in,  the  same  as  for  the  joists. 

The  header  is  14  ft  long  and  must  support  the  floor  half-way  to  the  wall, 
a  floor-area  of  14  by  9  ft,  or  126  sq  ft.  Multiplying  this  area  by  64^  lb,  1 
weight  per  square  foot,  we  have  8  159  lb,  the  total  floor-lead  to  be  support 
to  wMch  must  be  added  a  certain  perc^tage  of  the  partition.  The  portion 
the  partition  supported  by  the  header  is  (14  ft  —  i  ft  4  in)  -  12  ft  8  in  long  a 
zo  ft  high,  and  will  weigh  about  20  lb  per  sq  f t  of  face,  or  a  total  of  2  532 
As  the  partition  is  one-ninth  of  the  span  from  the  header,  eight-ninths  ol 
weight  will  be  supported  by  the  header  and  one-ni&th  by  the  wall.  Eight-ninI 
of  2  533  is  2  251  lb,  which,  added  to  the  floor-load,  makes  a  total  load  1 
the  header  of  xo  410  lb.  From  Table  XII,  page  643,  we  find  that  the  • 
load  for  a  i  by  14-in  beam  of  long-leaf  yellow  pine,  x4-ft  span,  is  i  867  lb;  hei 
it  will  require  a  breadth  of  10  410/ 1  867  «  5.58  in.  If  the  tail-beams  are  fran 
into  the  header,  it  should  be  thicker  to  allow  for  the  weakening  effects  of  1 
framing;  so  that,  in  this  case,  the  header  shoukl  be  at  least  6  by  14  in  in  act 
cross-section,  before  any  framing  is  done. 

The  Tiima^eiB.  We  will  next  consider  the  trimmer,  T  (Fig.  3).  T 
beam  has  four  loads:  (i)  a  distributed  floor-load;  (2)  a  distributed  load  fr 
the  partition  above;  (3)  one-half  the  load  on  the  header  //;  (4)  and  a  sn 
direct  load  from  the  longitudinal  partition. 

(i)  The  strip  of  floor  supported  by  the  trimmer  will  be  about  12  in  wide  a 
24  ft  long,  and  will  weigh  64M  lb  per  sq  f t  x  24  sq  ft  *  x  554  lb. 

(2)  The  partition  above  will  weigh  10  x  34  ft  x  20  lb  per  sq  ft  -«  4  800  lb 

(3)  One-half  of  the  load  on  H  is  xo  4x0/2  »  5  205  lb.  As  this  is  concentw 
at  one-fourth  the  span  from  the  support,  we  must  multiply  it  by  x.5  (Table^ 
page  632)  to  obtain  the  equivalent  distributed  load,  which  then  becot 
5  205  X  x.s-  7  808  lb. 

(4)  .About  8  in  of  the  longitudinal  partition  must  be  supported  by  the  trims 
and  this  will  weigh  10  x  ?i  ft  x  20  lb  per  sq  ft  •>  133  lb.  As  it  is  concentra 
at  one-third  the  span  from  the  support,  we  must  multiply  by  x.78  (Table  '. 
page  632)  to  obtain  the  equivalent  distributed  load,  which  then  becoi 
133  X  x.78  =  237  lb. 

The  total  load  for  which  the  trimmer  must  be  computed  will  be,  therefoR 

(i)  From  the  floor i  554  lb 

(2)  From  the  partition  alx>ve 4  800  lb 

(3)  From  the  header 7  808  lb 

(4)  From  the  longitudinal  partition 237  lb 

Total 14  399  lb 

The  trimmer  should  be  of  the  same  depth  as  the  joists,  14  in.  From  Tl 
XII,  page  643,  we  find  that  a  i  by  14-in  long-leaf  yellow-pine  beam  of  2. 
span  will  safely  support  882  lb  and  not  cause  a  deflection  of  more  than  fiM 
the  span.  Hence,  the  breadth  of  the  trimmer  would  be  14  399/882  >»  16^ 
which  is  greater  than  the  depth.  This  would  suggest  the  substitution  of  a  a 
I  beam  of  proper  size  or  the  use  of  a  deeper  wooden  beam,  such  as  an  x  i  by  x< 
a  12  by  i6-in  beam.  If  the  deflection  of  the  wooden  beam  is  not  taken  i 
account,  the  strength-value,  x  090  lb  of  Table  XII,  page  643,  may  be  v 
giving  14  399/1  090 ■■  X3.21  In  as  the  width  of  the  beam.  This  would  a| 
with  the  former  New  York  Code  for  strength.  If  the  flexure  fiber-strei 
taken  at  x  300  lb  per  sq  in,  permitted  by  the  Chicago  code,  Table  XIII,  f 
644,  may  be  used,  giving  X4  399/1  x 79  -  12.21  in  for  the* width  of  the  trimri 
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N  800  lb  per  sq  in  is  taken  for  5,  Table  XV,  page  646,  is  used,  giving  14  399/ 
ti3 «  8.81  in  for  the  width.  Hence,  the  architect  wilt  be  governed  by  laws 
Mdes,  or  by  engineering  judgment  or  experience  elsewhere,  and  this  applies 
}obts  as  well  as  to  the  girders.  If  wooden  trimmers  are  used,  they  should 
in  beam-hangers  (see  last  part  of  this  chapter).  The  load  on  the  trim- 
;  Jt  will  be  the  same  as  on  the  trimmer,  T,  except  for  the  cross-partition, 
ing  the  weight  of  this  partition,  we  have  14  399  —  4  800  ■»  9  599  lb  for 
b  equivalent  distributed  load  on  R,  which,  from  Table  XII,  page  643,  gives,  for 
k  required  breadth  10.88  in  or  8.8  in,  depending  upon  whether  the  deflection 
[or  is  not  considered.  Other  variations  in  the  required  width  of  a  14-in 
Men  gilder  will  result  from  the  use  of  other  fiber-stresses. 

W  Gixden.  The  iloor-area  supported  by  the  girder,  G  (Fig.  3),  is  equal  to 
by  24  ft»  or  288  sq  ft.  As  a  general  rule,  it  will  be  safe  in  estimating  the  live 
on  girders  to  take  only  85%  of  the  load  assumed  for  the  floor-beams,  be- 
there  will  always  be  some  portion  of  the  floor  supported  by  the  girder  that 
not  loaded,  and  probably  other  portions  that  will  not  be  loaded  up  to  the 
ed  load.  Hence,  the  live  load  would  be  85%  of  40  lb,  or  34  lb.  The 
load  of  the  floor  and  ceiling  will  be  about  25  lb,  and  the  girder  itself  will 
between  i  and  2  lb  per  sq  ft,  say  2  lb  per  sq  ft  of  floor,  more,  so  that  we 
Qse  61  lb  per  sq  ft  for  the  total  floor-load  on  this  girder.  As  girder  G  sup- 
irts  388  sq  ft,  this  will  be  equivalent  to  17  568  lb.  The  girder  supports,  also, 
pitition,  9  ft  high,  above,  which  will  weigh  13  x  9  X  20  -  2  160  lb.  The  total 
Id  for  which  the  girder  should  be  proportioned  is,  therefore,  19  728  lb.  As- 
bing  14  in  for  the  depth  of  the  girder,  we  find  from  Table  XII,  page  643, 
It  the  safe  load  for  a  i  by  14-in  long-leaf  yellow-pine  beam  of  12-ft  span  is 
Wl  lb;  bence  the  breadth  of  girder,  G,  should  be  19  728/1  867  -  xo.56  in  and 
^Ti  by  14-in  girder  could  be  used. 

Xht  girder,  G^  (Fig.  3),  supports  a  floor-area  at  the  left  of  i  a  x  12  «  144  sq  ft, 
represents  a  distributed  load  of  8  784  lb.  On  the  right  side  of  the  girder 
is  a  strip  of  floor  40  in  wide  by  12  ft  long  (8  in  of  the  floor  being  included 
bad  on  T)  which  will  weigh  2  440  lb.  Thb  may  be  considered  as  a  con- 
bbated  load  applied  20  in,  or  one-seventh  the  span,  from  the  end  of  the 
l4ff,  in  which  case  the  effect  of  the  load  is  practical^  the  same  as  if  the  load 
He  distribated.  The  load  coming  upon  girder  G'  from  T  will  equal  one-half 
f  actual  distributed  load  on  T,  plus  three-eighths  {y^  of  ^4)  of  the  load  on  H. 
)^  load  on  H  we  found  to  be  10  410  lb,  and  three-eighths  of  this  is  about 
koo  lb.  The  actual  distributed  load  on  T  we  found  to  be  x  554+  4  800  •- 
|S4  lb,  and  one-half  of  this  is  3  177  lb.  Hence  the  trimmer,  J,  transmits  a 
|d  of  3  900  +  3  177  *■  7  077  lb  to  the  girder,  which  must  be  considered  as  a 
^Deatxated  load  applied  at  one-third  the  span  from  the  support,  and  hence  we 
^  multiply  it  by  1.78  (Table  IV,  page  632)  to  obtain  the  equivalent  dis- 
ktcd  load,  which  gives  X2  597  lb. 
ue  k>ad  for  which  the  girder,  G'  (Fig.  3),  should  be  computed  will  be 

.  From  the  floor  at  the  left 8  784  lb 

[  From  the  floor  at  the  right 2  440  lb 

From  the  trimmer,  T 12  597  lb 

Fxom  the  partition  above 2  160  lb 

Total 25  981  lb 

Table  XII,  page  643,  we  find  that  this  load  will  require  a  (13.9  by 

14  by    14-in  girder.     For  this  floor,  therefore,  the  requirements,  if 

yellow  iMne  is  used*  and  if  the  maximum  flexure  fiber-stress,  S,  la 
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taken  at  i  200  lb  per  sq  in  (a  conservative  value  for  non-ideal  conditici 
for  example)  and  the  nx>duliis  of  elasticity,  £,  at  i  500  000  lb  per  sq  in,  are 
follows:  an  1 1  by  14-in  girder  at  G;  a  14  by  14-in  girder  atC;  an  1 1  by  16,  or 
by  i6*in  wooden  beam  or  a  steel  I  beam  for  the  trimmer,  T;  an  11  by  141 
beam  for  the  trimmer,  R;  a  6  by  14-in  beam  for  the  header,  H;  2H  by  14 
joists  at  A  and  B;  and  3  by  14-in  joists  at  C.  For  these  stress-requirexna 
the  architect  might  decide  to  use  steel  I  beams  for  girders  G,  Cp  etc^  and  i 
the  trimmers,  T  and  R.  For  S,  1300,  Table  XIII,  page  644,  may  be  used  ; 
long-leai  yellow  pine;  for  5, 1500  lb  per  sq  in,  Table  XIV,  page  645;  for  a  fib 
stress,  S,  of  1800  lb  per  sq  in,  Table  XV,  page  646;  and  for  S  equal  to  1600 
per  sq  in.  Table  XII,  page  643,  with  the  strength-values  increased  one-thi 
Of  course,  the  sizes  of  the  timbers  are  diminished  as  the  assumed  safe  fib 
stresses  axe  increased. 

This  example  illustrates  nearly  all  of  the  computations  that  are  required 
determine  the  sizes  of  the  joists  and,  special  beains  or  girders  in  any  ordini 
floor-construction.  The  method  of  computation  is  the  same  for  any  flo 
load,  the  only  difference  being  that  the  greater  the  live  load  assumed  the  grea 
will  be  the  loads  for  which  the  beams  must  be  proportioned.  As  will  be  se 
the  most  laborious  computations  are  those  for  beams  which  receive  loads  in 
different  sources,  and  it  will  generally  be  found  that  the  weakest  portions 
any  particular  floor  are  the  headers,  trimmers  and  girders,  and  the  beams  wh 
support  partitions. 

The  Strength  of  Mill-Floors.  The  beams  and  girders  for  mUl-fio 
should  be  computed  by  the  same  general  method  illustrated  in  the  forego 
examples,  involving,  (x)  the  determination  of  the  loads  on  the  beams  1 
girders  and,  (2)  the  sizes  of  the  beams  and  girders  required  to  support  si 
loads. 

Required  Thickn«ts  of  Plask  flooring.    The  thickness  of  the  plank  fk 

log  in  mill  construction  may  be  determined  by  formulas  (x)  and  (2): 

Thickness  of  plank  in  in )      4  /weight  per  sq  ft  x  Z* 


required  for  strength  )       Y  24  x  A 


in  in)      4 /weij 
igth  J  "  V 

akin  in)      4  A 
tiffness  )  *  V 


Thickness  of  plank  in  in )      a  /weight  per  sq  ft  x  ^ 
required  for  stiffness  J       V  19.2  x  «i 

In  these  formulas,  /  is  the  span  in  feet,  from  center  to  center  of  beams,  .4 
constants  for  strength  (page  628),  and  ei  the  constant  for  stiffness  (page  664] 

When  the  planks  are  connected  by  H-in  splines,  and  extend  over  t^vo  spi 
Formula  (i)  may  be  used.  If  the  planks  are  in  single  lengths  from  beam  to  be 
or  are  not  splined,  then  Formula  (2)  should  be  used. 

Tables  IV  to  XI,*  inclusive,  show  the  safe  loads  for  plank  flooring  of  diffcs 
woods,  thicknesses  and  spans,  derived  from  the  formulas  for  strength  and  stiff  11 
the  values  in  the  first  horizontal  line  in  the  case  of  each  thickness  of  pi 

*  Tables  VIII  to  XI,  inclusive,  were  calculated  by  Mr.  F.  E.  Kidder  and  arre  reta 
from  the  {receding  edition  of  the  Pocket-Book.  Tables  IV  to  VII.  inclusive,  are  m 
to  conform  to  the  most  conservative  fiber-stresses  of  the  buildioi;  codes  and  of  the  c 
chapters  of  the  new  edition.  In  the  judgment  of  many  constzuctois  the  hjgber  vaiv 
Tables  VIII  to  XI  are  safe  when  more  favorable  conditions  of  quality  and  diyno 
materials  prevail.  In  u»ng  any  of  the  tables,  care  must  be  taken  to  tiotioe  whc 
or  not  the  safe  loads  given  include  the  weight  of  the  flooring  itself.  In  the  levtsk 
this  chapter  tlie  author  is  indebted  to  Professor  F.  H.  Safford,  of  the  Umveraity  of  F 
sylvania,  for  th«  computatioDs  required  for  the  new  Tables  IV  to  VII  aad  for  tbe  rht* 
Vf  Tables  VIII  to  XI. 


^  Ezplftimtioa  of  Tablet  781 

lMa«  the  loads  given  by  the  Ignabhi  Hr  atreagth  and  the  i^gures  itt  the 
mod  Ime  those  given  by  the  f onnuls  for  stiffness.  The  span  is  supposed  to  be 
bsured  from  center  to  center  of  beams.  The  values  given  by  the  formula  for 
teagth  should  be  considered  safe  only  for  splined  floors  and  where  the  planks 
k  cofitinaous  over  at  least  two  spans.  If  the  thickness  of  the  planks  ialls 
pt  H  or  even  H  in  from  the  dimensions  given,  the  safe  loads  must  be  mate- 
Rjr  reduced. 

b  Table  IV,  the  modulus  of  elasticity,  £,  on  which  ei  in  the  stifFness-fbrmuIa 
IjBidi^  is  I  500  000  lb  per  sq  in,  and  the  safe  fiber-stress,  5,  on  which  the 
Mint  for  strength,  A^  depends,  is  i  200  lb  per  sq  in,  A  being  67.  The  safe 
III  given  are  within  the  teqnirements  of  all  cfties  for  strength  and  stiSaess  for 
IHeal  jeQow  pine,  and  of  all  dties  for  Douglas  fir. 

h  Table  V,  £  is  i  200  000  lb  per  sq  In,  5,  i  000  lb  per  sq  in,  and  A  is  56. 
b  bads  given  satisfy  the  requirements  of  Chicago  and  of  most  other  cities 
^Kreagth  for  short-leaf  yellow  pine.  The  values  given  for  stiffness,  also,  are 
jMBmcnded  for  this  wood. 

m  Table  VI,  £  is  i  aooooo  lb  per  sq  in,  5,  800  lb  per  sq  in,  and  A  is  44, 
^ven  satbfy  the  requirements  of  all  dties  for  strength,  ibr  q>ruce, 
y  pine   and  white  pine,  and  the  values  given  for  stiffness,  also,  are 
for  spruce.    For  Norway  pine,  E^  1 100 000  lb  per  sq  in  may 

Table  VII.  £  is  x  000  000  lb  per  sq  in,  5,  700  lb  per  sq  in,  and  A  is  39. 
loads  given  for  strength  can  be  used  for  any  woods  of  that  safe  fiber- 

aad  the  loads  for  stiffness  are  recommended  for  white  pine. 
Tables  Vni,  IX,  X  and  XI,  the  safe  loads  are  calculated  from  stm  other 
M  S,  A,  E  and  «i,  indicated  with  each  table,  and  may  be  used  by  those 
wish  to  assume  larger  safe  values  for  the  strength  and  stiffness-factors 
vbeie  there  are  no  KstciGtioiis  f  1MB  building  l4ws.  For  any  other  values 
icsei  required,  such  values  must  be  inserted  in  Formula  (i)  or  (2)  and  the 
guesses  of  the  planks  determined  or  the  safe  load  determined  for  aay  given 
■aess  of  planks. 

pte.  It  is  to  be  noted  that  for  ideal  conditions  and  commercially  dry  lum- 
L protected  from  moisture^  and  when  there  is  no  impact,  the  given  fiber-stresses 
Bexore  may  be  increased  from  30  to  40%.  (See,  also,  important  notes  on 
0628,  637  and  647  regarding  stresses  in  and  loads  on  wooden  beams.) 


^ 
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Tabto  IV.    Saf«  Live  UHOm*  in  Pooadi  per  SqtsaM  Foot  for  PUak  WHm 

See  explanation  on  pages  730-x.    The  loads  are  based  on  the  following  vnlucs. 
Strength:  -5-  z  300  lb  per  sq  in,  A"  67;  stiffness:  £>  i  soo  000  lb  per  sq  in,  et~ 

*  LONG-LEAF  YELLOW  PINE  AND  DOUGLAS  FIR  f 


Thickness 

of  planks, 

in 

Distance  between  centers  of  floor-beams,  in  feet 

4 

5 

6 

7 

8 

9 

10 

IX 

3 

XH 

353 

339 

336 
117 

IS7 
68 

IIS 

43 

88 
29 

70 

30 

•    • 

2H 

567 
466 

363 

239 

353 
138 

18S 
87 

142 
58 

XI3 
41 

91 

30 

75 

2H 

760 
724 

486 
371 

338 

ai4 

248 
135 

190 

90 

150 
64 

123 

46 

100 

35 

3H 

788 

764 

547 
443 

403 
278 

308 

187 

403 
378 

243 

X3X 

X97 
95 

163 
7a 

1 

4 

71S 
660 

525 

416 

318 
196 

257 
X43 

ai3 

X07 

ao9 

1 

5 

830 
8X3 

638 
544 

496 
382 

403 
278 

3 

1 

6 

904 
940 

715 
660 

579 

48X 

47S 
J6i 

m 
4 

*  Weight  of  ceiling. If  any,and  also  of  the  flooring  itself  is  to  bededucted  from 
t  If  S  for  Douglas  fir  is  taken  at  1000  lb  per  sq  in,  use  Table  V. 

Table  V.    Sef e  Live  Loads  *  in  PooDde  per  Sqoere  Foot  for  Plaalc  Flooi 

See  explanation  on  pages  73&-x<    The  loads  are  based  on  the  following  values. 
Strength:  5  «-  x  000  lb  per  sq  in,  X  -i  56;  stiffness:  £  »  x  300  000  lb  per  sq  in.  c^  • 

SHORT-LEAF  YELLOW  PINE 


Thickness 

of  planks, 

in 

Distance  between  centers  of -floor-beams,  in  feet 

4 

5 

6 

7 

8 

9 

XO 

II 

iH 

295 

X83 

189 
93 

131 
54 

96 

34 

74 
23 

• 

2H 

474 
370 

303 

189 

3IX 

no 

155 
69 

X18 
46 

94 
32 

76 
24 

..... 

m 

2^4 

63s 
574 

406 
394 

6S9 
606 

282 

170 

207 
107 

159 

73 

125 
50 

X03 

37 

165 
76 

84 

a8 

3V4 

4 

X  039 

457 
351 

336 
331 

257 
148 

303 
104 

136 
57 

4 

860 

597 
523 

439 
330 

336 

33X 

26s 
155 

2x5 

XX3 

178 

as 

5 

933 

686 
644 

525 

431 

41S 
303 

336 

331 

27« 

166 

400 

a87 

6 

987 

756 

745 

597 
523 

484 
382 

*  Weight  of  ceiling,  if  any,  and  also  of  the  flooring  itself  is  to  be 
values. 


Tables  ol  Safe  Loads  for  Plank  Flooriiig 
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m^n.    «sf«'Li^  I«iitfs«  la  9mM»  »tr  64ii«»  >Mt  lor  nuik  noorisf 

See  ezplanation  on  pages  730-z-    The  loads  are  based  on  the  fotlowing  values. 
Shr^gth:  S»  Soolbpersqin,  i4  *  44;  stiffness:  JS«  z  200  000 lb  per  sq  in,  ci—  93 
SPRUCE,   NORWAY  FINE  AND  WHITE   PINE 


TUcksess 

«fpiaaks, 

ia 

Distance  between  centers  of  floor-beams,  in  feet 

4 

5 

6. 

7 

8 

9 

10 

II 

13 

iT4 

a32 

182 

14B 
93 

103 
54 

7« 
34 

58 
23 

2H 

37a 
370 

238 

189 

16s 
no 

122 
69 

93 
46 

74 
39 

60 

24 

a»4 

499 

319 
394 

223 

170 

163 

107 

7a 

99 
50 

80 

37 

66 
38 

34 

809 

S17 

350 
351 

264 
231 

302 
X48 

160 
104 

139 
76 

107 
57 

89 
44 

i 

4       '*■"' 

676 

469 

345 

3» 

264 
331 

309 

155 

169 
"3 

140 
85 

117 
65 

s       ! 

t    •  •  " "  • 

733 

539 

412 

326 
303 

264 

331 

3Z8 

166 

X83 
138 

1 
6      

\^ —       

776 

594 

469 

380 

314 
387 

364 
331 

£ 


Vtq^  oC  ccBing,  if  any,  and  also  of  the  flooring  itself  is  to  be  deducted  from  these 


pB  YIL    Safe  lire  Lottdt^  in  Pounds  p«r  S^unn  Foot  for  Mmk  lloorinf 

See  ezplaiutiaii  00  pages  730-1.    The  loads  are  based  on  the  following  values, 
buili   5  —  700  tb  per  sq  in,  ^  »  39;  stiffness:  £  >  x  000  000  lb  per  sq  in,  Ci  ->  77 

FOB  JOMLOCK  AND   WOODS   OT   SIXILAR   STRENGTH  AND   STIFFNESS 


ftirlrnras 


T 


m 


Distance  between  centers  of  floor-beams,  in  feet 


K 


iH 


2H 


3H 


L  3'4 


ao6 

XS2 


330 


443 

4«o 


717 


956 


^ 


5 

6 

7 

8 

13a 
78 

91 
45 

87 
28 

3X2 

158 

147 
93 

108 
58 

83 

39 

283 
246 

197 
142 

146 
90 

XII 

60 

459 

319 
293 

234 

185 

179 

124 

599 

416 

306 
276 

234 

185 
366 
361 

936 

650 

478 

938 

688 

526 

10 


65 

27 


87 

42 


71 
31 


142 

87 


IS5 

130 


389 
253 


IIS 
63 


150 
95 


234 
18S 


416 


337 
319 


II 


95 
48 


124 

_ZL 

193 

139 


13 


80 

37 


104 
55 


378 
340 


163 

JP7_ 
234 

185 


of  oeSing,  if  any,  and  also  of  the  flooring  itseH  is  to  be  deducted  iiwn  these 
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Tf]M«.  Vm.    M«  Ufa  ioftte*  In  Powiii  p»r  Sfuft*  Voat  for  Fluik  VlMii 

See  explanation  on  pages  730^1  •    Tbe  loada  are  based  on  the  foUowing  values. 
Strength:  5*"  x  800  lb  per  sq  in,  il  >■  xoo;  stiffness:  £ <■  x  780 000  lb  per  iq  in,  ei*  : 

Recommended  by  Mr.  Kidder  for 

LONG-LEAF  YELLOW  PINE 


Thickness 

of  planks, 

ixx 

Distance  between  centers  of  floor-beams,  in  feet 

4 

S 

6 

7 

8 

9 

10 

XI 

II 

iH 

51s 
258 

32s 

X26 

299 

38 

190 

91 

9a 
n 

7a 
5 

•  «  ■ 

•  A    • 

2H 

831 
536 

527 
atifi 

3fia 

I4» 

269 

88 

19T 
54 

XS3 
34 

X2X 
24 

97 

X2 

8 

2H 

xix8 
838 

7x0 

42X 

488 
237 

3S4 
144 

2^ 
91 

208 

59 

x^ 

38 

X34 
25 

IV 

I 

$H     , 

IISS 
884 

79« 
504 

580 

310 

44a 
202 

345 

136 

276 

94 

225 

67 

x8 
4 

4 

1046 
7» 

76» 
470 

580 
308 

454 
2x0 

364 
X48 

396 
xa6 

94 

7 

5 

1209 

934 

913 
6x8 

716 
427 

576 

304 

471 

223 

3G 

ll 

6 



X322 
X081 

XO38 
7SX 

836 

S40 

686 
39B 

31 

*  Weight  of  ceillng,if  any,  to  be  deducted.   Tbe  weight  of  tbe  flooring  has  been  dedv 
from  values  derived  from  formulas.    Deduction  about  72  lb  per  cu  ft  floor-matedi 

TaUe  DL    9«fe  Uto  L«ad«*  in  Poonds  por  S^piara  Vpvt  for  Ptaak  FWoris 

See  explanation  on  pages  730-x.    The  loads  are  based  on  the  following  values. 
Strength:  S  "  i  620  lb  per  sq  in,  A  «  90;  stiffness:  £»  x  435  000  lb  per  sq  in,  ei- 

Recommended  by  Mr.  Kidder  for 

DOITGLAS  m  AND  SHORT-LEA^  YELLOW  PINE 


Thickness 

of  planks, 

in 

Distance  center  to  center  of  floor-beams,  in  feet 

4 

5 

6 

7  ■ 

8 

9 

10 

XI 

iH 

462 
20s 

291 
99 

199 
52 

143 
98 

xq6 
IS 

81 

7 

fi4 

2H 

747 
428 

473 

212 

324 
X17 

234 
68 

X76 
41 

X36 
25 

107 

U 

• 

2^ 

lOQS 
670 

637 
335 

438 

187 

317 

1x2 

239 

69 

18S 
44 

147 
28 

X19 
17 

3Vi 

1040 
706 

717 

40X 

522 

246 

395 
IS9 

308 
106 

246 
72 

200 

SO 

4 

1362 
io6x 

940 
6q6 

685 

374 

520 
244 

406 
x65 

325 

1x5 

26s 

8x 

5 

X476 
1 198 

1078 

745 

8X9 

491 

642 
338 

5x6 
240 

49a 

X74 

6 



1560 
1302 

1x87 
863 

932 

597 

749 
428 

614 
314 

*  Weight  of  celUMtif  any,  to  be  deducted.  The  weight  of  the  flooring  lus  boen^r 
from  values  derived  from  formulas.    Deduction  about  72  lb  per  cu  ft  floor-mata 


f 


Tables  of  Sftfe  Loads  f<ir  Plaak  Flooring 


m 


tttbX.    gtfe  Lif  Iwrfi*  in  VmaAo  ytt  9vm%  togtliflr  Wtmk  fidwrfaf 

See  ezphaatioa  on  pages  73>*x*    Th«  loedt  are  bated  oa  tbe  foHowiag  Talues. 
bngth:  5*-  X  260  lb  per  sq  in,  ^  «  70;  stiffne«:  £*  x  294  000  H> per  aq  in,  «i  «  xoe 

Recommended  by  Mr.  Kidder  for 

SPRUCE 


I 


of  plaxika. 


iH 


aH 


^i 


3H 


Distaace  between  centers  of  iloor-beatna,  in  feet 


4 

5 

6 

7 

8 

9 

10 

n 

13 

360 

188 

227 

9i 

ISS 
49 

XII 

38 

«3 
15 

64 
8 

S0 

5«l 
391 

3® 
194 

352 
XO6 

X82 
64 

137 
39 

105 

34 

83 
IS 

67 

54 

612 

496 
307 

341 
173 

347 
104 

186 
66 

144 
42 

115 
38 

93 

18 

76 

xaaS 
i»74 

78X 
<M4 

54ft 

367 

391 

396 

X46 

231 

98 

184 
68 

150 

47 

134 
33 

*  •  «  •  « 

1060 
96B 

731 
554 

533 

Mi 

405 
22s 

317 
153 

3S3 

108 

307 

77 

171 
56 

tX4B 
.1099 

936 

638 
450 

Soo 

3x1 

403 

213 

329 

X63 

2n 

12Q 

•  •  «  •  • 

«  •  •  •  • 

X3I3 

1 188 

■  9a4 
789 

735 
548 

583 
394 

478 

390 

400 
330 

^  Wd^tci  ctSSng,  if  any,  to  be  dedactcd.   The  weight  of  the  flooring  has  been  dednctet 
■D  ralnes  derived  from  fonamlas.    Deduction  about  7  a  lb  per  cq  ft  floor-nateriaL 

LiT«  Loads  *  ia  Poundt  pfr  Square  Voot  for  PUak  Vloorias 
oa  pages  730-1*    The  loxb  are  based  oa  the  following  valves, 
lb  per  aq  ia,  i4  «  60;  stiffness:  £  *  x  073  000  lb  per  sq  in,  «i  «•  8t 
Reooflsmeadcd  by  Mr.  Kidder  for 

WHITE  PINE 


taaBdi:5-xo6o 


r 
Irfplaaka. 

• 

Distance  between  centers  of  floor-beams,  in  feet 

4 

1 

5 

6 

7 

8 

9 

10 

II 

12 

iH 

307 
153 

193 
74 

131 
39 

94 
21 

70 
II 

53 
5 

41 

i* 

496 
3X8 

314 

157 

3x4 
86 

154 

50 

116 
40 

89 
18 

70 

10 

56 

668 

499 

424 
249 

390 
139 

210 
83 

158 

52 

122 
33 

97 
20 

78 

13 

63 

f  3M 

1088 
I  041 

691 
536 

476 
398 

346 
183 

a6i 
H9 

203 
78 

163 
S3 

131 
36 

108 
35 

906 
791 

62s 
451 

455 

378 

345 
181 

269 
123 

215 
85 

175 
60 

145 

43 

s 

983 
893 

716 
555 

544 
366 

426 
251 

342 

178 

281 
129 

232 
95 

(. 

I  419 
1553 

1037 
970 

789 
643 

619 
445 

497 
319 

407 
334 

339 
t75 

s 


ccSiBg,  if  ssqr,  to  be  deducted.    The  weight  of  the  flooring  has  been  deductei 
from  formulas.    Deduction  about  72  lb  per  cu  ft  floor-material. 


788  SticDgth  and  Stiffiicaa  of  Wooden  FIooq        Chap. 

TablM  lor  111*  Maiimgm  ^aa  of  floor- Joiata.  As  tho  timbers  oonmM 
used  for  floor-joisU  are  sawed  to  regular  sixes  and  are  usually  spaced  eitha 
or  x6  in  on  centers,  it  is  practicable  to  show  by  means  of  tables  the  sizes  of  y. 
required  to  support  given  loads  with  given  spans  and  spacings.  Tables  gi^ 
the  MAXIMUM  SAJE  SPANS  are  the  most  convenient  for  general  use,  and  the  foU 
ing  tables  have  accordingly  been  prepared.  They  show  at  a  glance  the  i 
imum  spans  for  which  different  sizes  of  floor-joists  and  ceiling-joists  shouli 
used  for  different  loads  and  spacings,  and  it  is  believed  that  they  will  be  U 
applicable  to  most  bmldings  in  which  wooden  floor-joists  are  used.  By  luio^ 
the  size  of  a  room  and  the  purpose  for  which  it  is  to  be  used,  the  sizes  ol 
floor-joists  required  can  be  determined  at  a  glance.  Incidentally  the  ti 
show,  also,  the  kind  of  wood  most  economical  to  use.  If,  owing  to  the  i 
being  irregular  in  shape,  the  joists  must  be  of  different  lengths,  the  spadx 
thickness  of  the  joists  may  be  varied,  so  that  the  same  dq;>th  may  be 
throughout. 

Precautions  Reonired  in  Using  Tables.  The  precautions  necessary  in  t 
these  tables  are  in  regard  to  the  superimposed  loads  and  the  actual  sui 
the  timbers.  The  total  loads  for  which  the  maximum  spans  have  been  < 
puted  are  given  at  the  head  of  each  table.  The  actual  weight  of  the 
Gobts,  flooring,  plastering  and  deafening,  if  any)  subtracted  from  the  total 
wHI  give  the  superimposed  load,  that  is,  the  load  which  the  floor  is  expecti 
carry.  If  the  actual  sizes  of  the  jobts  are  less  than  the  nominal  ddcensi 
the  spans  or  spacings  must  be  reduced  from  those  given  in  the  tables,  ax 
the  STOCK  sizes  of  joists  generally  run  from  H  in  to  H  in  scant  of  the  nom 
dimensions,  this  fact  should  always  be  taken  into  account  when  determi 
upon  the  sizes  of  joists.  In  this  connection  it  will  be  convenient  to  reme 
that  2-in  joists,  spaced  1 6  in  on  centers,  have  the  same  strength  as  i>i-in  ji 
13  in  on  centers.  A  reduction  should  also  be  made  for  any  curmtG  oa 
JOISTS  that  may  be  required.  No  allowance  has  been  made  for  PARixnoNS 
when  they  are  to  be  supported  by  the  floor-joists,  additional  joists  show 
used  or  the  span  reduced  acocmling  to  the  relative  direction  or  position  c 
partitions  and  joists. 

Tablet  XII  to  XX.    Tables  XII  to  XVI,  inclusive,  were  computed  bi 
FORMULA  FOR  STIFFNESS  (Chapter  XVI,  page  636  and  Chapter  XVIII,  pagtf 
on  the  assumption  that  the  deflection  should  not  exceed  iio  in  per  loot  qf 
They  are  based  on  the  vidues  of  E  (the  modulus  of  elastidty)  redommcndi 
F.  E.  Kidder.    Tables  XVII  to  XX,  inclusive,  were  computed  by  the  voa 
FOR  STRENGTH  (Chapter  XVI,  page  635),  and  values  for  S  (the  safe  fibcr-s 
recommended  by  Mr.  Kidder.    The  spans  given  in  Tables  XII  to  XX,  : 
sive,  come  within  the  requirements  of  the  Buffalo  and  Denver  building 
and  Tables  XII,  XIV,  XV,  XVI  and  XVII  comply  with  the  Chicago  Ua 
very  nearly  with  the  New  York. law;  but  to  comply  with  the  Boston 
reduction  of  about  one-sixth  must  be  made  from  the  spans  given  (1914).* 

Tables  XXI  to  XXIX  f  inclusive,  were  computed  for  reduced  values  of  iE 
modulus  of  elasticity,)  5  (the  fiber-stress  for  flexure)  and  A  (the  amaUa 
flexural  strength)  in  tihe  formulas  used,  these  values  agreeing  generally  nH 
stresses  throughout  the  revised  handbook.  Of  these  new  tables,  also.  1 
XXI  to  XXV,  inclusive,  were  computed  by  the  formula  for  bUFFWKai 
Tables  XXVI  to  XXIX,  inclusive,  by  the  formula  for  strknoth. 

*  Building  Codes  are  frequently  revised  and  must  be  consulted. 

t  In  the  revition  of  this  chapter  the  author  is  indebted  to  Mr.  A.  T.  North.  M.  A^ 
C.  E.,  for  valuable  assistance  in  the  computations  required  for  the  new  Tables  1 
XXDC. 


► 


Tables  for 


Spaa  of 


and  Fbor-Joists       73' 


TaM*  Zn.    Mtfii—  Spsik  for  CdHsc-ldita 

See  explanatory  notes  on  page  736 


r 

Total  load,  ao  pounda 

per  square  foot 

F 

mts 

ta 

on 
centers 

in 

Hemlock, 

I  045000 
ft        in 

White  pine, 
B-x  073000 

ft        in 

Norwav 

pine  or 

spruce, 

£»x  afMOOO 

ft        in 

Douglas 

fir  or 

Texas  pine, 

£*x  42s  000 

ft        in 

Long-leaf 

yellow 

pine, 

£»i  780000 

ft        in 

2X4 
2X4 
2X6 
2X6 
2X8 
2X3 
2X8 

la 
16 

la 
16 
la 
.6 
ao 

9         3 
8         S 

14  0 
la        8 
x8        8 
X7         0 

15  9 

9         5 
^         6 

14  x 

xa       XO 

XS         XO 

17        a 

15  10 

XO            I 

9         I 
IS         I 
13         8 
ao         I 
18         4 
17         0 

10        s 
9         S 

IS         7 
14         2 
ao        9 
x3       II 
17         6 

XX        a 

XO            I 

x6         8 
IS         a 
aa         4 

20         s 
x8        10 

Total  load.  a4  poundi 

pir  squars  foot 

P>Xio 
2XX0 
«Xxo 
aXu 
JXia 

^12     , 

la 
16 
ao 
xa 

16 

ao 

aa         0 

ao        0 
x8         6 
a6         s 
a4         0 

aa         a 
ao        a 

18         8 
26         8 
24        a 
aa        5 

23         8 
31          7 
ao        0 
a8         s 
as       XO 
a4        0 

24         S 
aa         3 
20        7 

29         4 
a6        8 
34        8 

26         4 
23        10 

33            3 

31          7 
38         8 
a6         8 

£  is  the  modulus  of  elasticity  and  is  in  pounds  per  square  inch. 


TabI*  Zm. 


MaTimnm  Span  for  Fbxff-Joisti  for 
and  Gnunmar-School  Rooms  with  Fizod  Desks 
See  explanatory  notes  on  page  736 


L 

Total  load,  60  pounds 

per  square  foot 

of 

'Distance 

on 

centers 

Hemlock, 

•£- 
x  045000 

White  pine, 
£— X  073000 

Norway 

pine  or 

spruce, 

£>-xa94ooo 

fir  or 

Ttfxas  pine, 

£»i  435000 

IxMi94eaf 

yellow 

pine, 

£"i  780000 

J  m 

t       • 
1       «n 

ft        in 

ft        in 

ft        in 

ft        in 

ft        in    \ 

2X6 

13 

9         9 

9       10 

XO           S 

10          XO 

II         7 

nX6 

1           »« 

8         9 

8       XO 

9         6 

9        XO 

XO         6 

|PC6 

12 

XI           x 

XI        a 

13            0 

xa        s 

13         4 

h6 

1           «6 

XO            X 

10        2 

XO          XO 

IX        a 

13            I 

Ec8 

12 

xa       XX 

13        I 

X3         XI 

14        5 

IS         6 

pes 

,        x6 

XI         9 

XX          XO 

13            8 

13        I 

14         I 

EcB 

13 

14         9 

14       xr 

16       0 

x6        6 

17         8 

pC8 

16 

13        6 

13         7 

14         6 

IS         0 

x6        3 

Ekjo 

13 

x6         a 

16         4 

17         S 

18         0 

19         4 

pCio 

16 

14         9 

14        10 

IS         9 

16         4 

17         7 

Total  load,  66  pounds  per  square  foot 


Xto 

1       12 

X8 

0 

18 

r 

19 

3 

30 

0 

31 

6 

Xio 

16 

16 

3 

x6 

S 

17 

7 

18 

a 

19 

6 

Xia 

12 

18 

10 

19 

0 

30 

3 

30 

10 

33 

6 

Xia 

z6 

17 

3 

17 

3 

18 

4 

19 

0 

30 

6 

.Xia 

12 

31 

6 

31 

8 

23 

3 

24 

0 

35 

9 

^12 

16 

19 

7 

19 

8 

31 

I 

31 

9 

23 

5 

X14 

12 

33 

0 

33 

3 

23 

8 

34 

4 

36 

3 

X14 

x6 

30 

0 

30 

I 

31 

6 

33 

3 

33 

10 

iXx4 

la 

23 

8 

33 

10 

35 

6 

36 

3 

38 

3 

m!Ki4 

16 

31 

6 

ax 

8 

23 

3 

33 

10 

35 

8 

b(l4 

xa 

25 

4 

25 

4 

27 

I 

38 

0 

30 

I 

KX4  : 

x6 

21 

0 

23 

0 

24 

7 

25 

4 

27 

4 

r 

•    17  L.  »»w 

a  iiAj^/liil 

•••  t\t  t 

uLuttirit 

V  Anrl 

ia  in  nr 

kiinHa 

ner  «nu 

lAiw  iru 

•h. 
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Table  XIV. 


8|MUi  for  PiMV*  Jobti  lor  OOce-Biifldioci 

See  explsnatory  notes  on  page  736 


Total  load.  93  pounds  per  square  foot 


Sizes 

ol 
joists 


in 


3X8 

3X8 

2X10 

2X10 

3X10 

3X10 

2X12 

2X12 


Distance 

on 
centers 

in 


12 
16 

12 
16 
12 

e6 

12 
16 


White  pine, 
•£■•1073000 


ft 


m 


12 

IX 

14 
12 
x6 
14 
16 
IS 


10 
8 
I 

9 

I 
8 

10 

4 


Norway  pine 

or  spruce, 
£«I294  000 

ft         in 


13 

12 

15 

13 
17 
IS 
18 
16 


9 

I 
8 

3 
8 

I 

5 


Douglas  fir 

orTeiaspine, 

£-1  425000 

ft 


in 


14 
12 

IS 
14 
17 
16 
x8 
17 


2 

10 

6 

I 

9 

2 
8 
0 


Long-lei( 
yellow  pi9| 
£«i78o« 

ft        ia 


IS 

13 
16 

15 

19 
17 

20 

x8 


1 
I 
I 

3 

1 

3 


Total  load,  96  pounds  per  square  foot 


3    X12 
3    X12 

2    X14 

2  X14 

2V4XI4 
2^X14 

3  X14 
3    X14 


12 
16 

12 
16 
12 
16 
12 
16 


19 
17 
19 
17 
21 

19 
22 

20 


7 

20 

5 

18 

6 

20 

9 

19 

I 

23 

2 

20 

4 

33 

4 

21 

6 
7 

10 

o 
6 

4 

10 

8 


21 

19 
21 

19 
23 
21 

n 

32 


22 

20 

^3 

31 

25 

22 

27 

$ 

24 

*  £  is  the  modulos  of  elasticity  and  is  in  pounds  per  square  inch. 


Table  XV. 


Ma»iinttni  Span  for  Floor- Joists  for  Churchaa  and  TheatSB 
with  Find  SMts 


See  explanatory  notes  on  page  736 

Total  load,  102  pounds  per  square  foot 

Sizes 

of 

joists 

Distance 

on 
oenters 

White  pine, 
•£-i  073000 

Norway  pine 

or  spruce, 
£^1294000 

Douglas  fir 

or  Texas  pine, 

£-1435000 

Long-lei 
ydkvw  pit 
£*-i70o< 

in 

in 

ft        in 

ft         in 

ft          in 

ft               X 

3X8 

12 

13           6 

13          4 

13           9 

14          I 

3X8 

16 

11         4 

12          3 

13            6 

13 

2X10 

12 

13         7 

14          7 

IS           I 

x6 

2X10 

16 

13           4 

13          3 

13           8 

14 

3X10 

12 

IS         8 

16          9 

17           3 

18 

3X10 

16 

X4         3 

XS            2 

IS           8 

x6          ] 

3X12 

12 

16         5 

17           7 

x8           I 

X9 

2X12 

16 

14        10 

15          XI 

16           5 

17 

Total  load,  105  pounds  per  square  foot 

3    Xi3 

12 

IS         7 

19          XI 

20          6 

32 

3    X12 

16 

16        10 

18          I 

18          7 

30 

2    X14 

12 

19         0 

30          3 

20         10 

33 

2    X14 

16 

17          3 

x8           5 

19          0 

20 

2MX14 

12 

30          4 

21            9 

22           6 

34 

3HX14 

16 

18         7 

19           10 

30             6 

33 

3    X14 

13 

31         8 

23             3 

23         10 

25 

.    3    X14 

x6 

19         8             31            X 

21           9 

« 

*  £  is  the  modolus  of  elasticity  and  is  in  pounds  per  square  inch. 


Tables  for  MaTimum  Span  of  Flooiwjoists 


7Z 


fl^aa.te  nbor^^Jiteti  for  AiMflMy-OiIi  tai 

CORldoiS 

See  explanatory  notes  on  page  736 


Total  load,  123  pounds  per  square  foot 


Sizes 
of 

joists 

Dtstanoe 

on 
centera 

White 

pine, 
973000 

Norway  pine 

or  spruce, 

£•■1  294000 

Douglas  fir 

or  Texas  pine. 

£>-i  4^5  000 

Long-leaf 
yellow  pine, 
£=i  780000 

b 

in 

ft 

in 

ft          in 

ft          in 

ft          in 

3X8 

12 

II 

7 

12           7 

13          0 

14           0 

3X8 

16 

10 

8 

11            4 

II          9 

12           8 

aXio 

12 

12 

10 

13           9 

14          2 

IS          a 

2X10 

x6 

II 

7 

13             6 

12         10 

13         10 

3X10 

12 

14 

8 

15           8 

16          3 

17        S 

3X10 

X6 

13 

4 

14          3 

14          9 

15         10 

2X12 

u 

IS 

4 

16          6 

17          0 

18           3 

2X12 

16 

14 

0 

IS           0 

IS           5 

16           7 

Total  load,  126  pounds  per  square  foot 


3    XU 

12 

17 

6 

18 

8 

19 

3 

30 

9 

3    Xl2 

16 

IS 

10 

17 

0 

17 

7 

18 

IZ 

3    X14 

U 

17 

10 

10 

■I 

19 

8 

21 

3 

2    X14 

16 

16 

3 

17 

4 

17 

IX 

19 

3 

1^X14 

12 

19 

3 

ao 

6 

21 

3 

33 

9 

j4xu 

16 

17 

6 

18 

8 

19 

3 

20 

9 

I   XU 

12 

20 

S 

3t 

9 

33 

6 

n 

3 

i  XI4 

16 

.   18 

7 

19 

10 

90 

6 

23 

I 

E  b  the  modulus  of  elasticity  and  b  in  pounds  per  square  inch. 


TaMe  ZVn. 


^AtodionBk  Span  for  Floor- Joists  for  Retafl  Storos 

See  explanatory  notes  on  page  736 


1 
L 

Total  load.  174  pounds  per  square  foot 

Sim 

♦    «    ^ 

Distance 

on 
oentezs 

White  pine, 
5-1080 

lb  per  sq  in 
•A=6o 

Norway  pine 

or  spruce. 

5»i26o 

lb  per  sq  in 

Douglas  fir 

or  Texas  pine. 

5-1620 

lb  per  sq  in 

Long-leaf 
yellow  pine, 

5-1800 
lb  per  sq  in 

A-70 

i4-9o 

4-ieo 

in 

in 

ft        in 

ft         in 

ft          in 

ft        in 

3X8 

12 

II         6 

w         S 

14          I 

14         9 

>    3X8 

16 

9       11 

10           3 

12          3 

13            9 

2X10 

Z3 

II         8 

M           8 

14        S 

IS           1 

2X10 

16 

10         3 

10         II 

13             5 

13           I 

3X10 

13 

14          4 

IS          6 

17           7 

18           7 

3X10 

16 

13          5 

13        S 

IS            3 

16           0 

aXi2 

13 

14          I 

IS           3 

17            3 

18           3 

2X12 

16 

13            2 

la       t 

14           11 

IS           8 

Total  load,  177  pounds  per  square  foot 


3   Xi3 

13 

17 

3   Xi3 

16 

X4 

.  a  X14 

13 

z6 

t2     X14 

16 

14 

^aHXM 

13 

18 

'aHXu 

16 

IS 

3    X14 

13 

19 

3    X14 

16 

n 

3 
10 

3 

3 
3 

9 
II 

3 


18 
16 
It 
IS 
19 
17 

31 
18 


S 

30 

II 

22 

0 

18 

3 

19 

7 

19 

II 

31 

3 

17 

3 

18 

7 

33 

3 

23 

0 

19 

3 

20 

6 

24 

S 

25 

7 

21 

3 

23 

I 

X 

I 

3 

6 

4 
8 

3 


PL  the  taUcs  it  the  wxffiriCBt  itt  foniiakt  for  beams  and  is  oae-dgfateepth  of  tfa 
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Streogtli  and  Stiffness  of  Wooden  Floora         Chap. 


T«M»  XVilL*    Maiiaum  Spta  for  SaftHs.    Shiaikd 

See  explanatory  Botes  on  page  736 


Total  load,  48  pounds 

per  sqxiare  foot 

Norway 

Douglas 

Long-lefl 

yellow  pix 

5-Z80C 

Sizes 
of 

Distance 
on 

Hemlock, 

5-990 
lb  per  sq  in 

White  pine, 

5-xoSo 
lb  per  sq  in 

pine  or 

spruce. 

5«i  260 

fir  or 

Texas  pine, 

5«x6ao 

]01St8 

centers 

t  A-5S 

>4-6o 

lb  per  sq  in 
A  =-70 

lb  per  sq  in 
i4-9o 

IbpersQ 

m 

m 

ft        in 

ft      in 

ft        in 

ft        in 

ft         ix 

3X4 

x6 

7         4 

7         9 

8         4 

9        6 

XO            I< 

3X4 

ao 

6         7 

6       xo 

7         6 

8         6 

8        x< 

3X6 

x6 

XX             X 

11         7 

12           6 

14         3 

IS           < 

3X6 

20 

9       11 

10         4 

XX            2 

12         8 

13           i 

3X6 

x6 

13         7 

14            3 

IS         3 

17         5 

18        : 

3X6 

20 

12         2 

13            8 

13         8 

IS         7 

16        i 

3X8 

x6 

14         9 

IS         6 

x6         8 

x8       XX 

ao          i 

3X8 

ao 

13         3 

13        10 

14        II 

x6       IX 

17        » 

3X8 

34 

12            X 

12         7 

13         7 

IS         6 

16           ; 

3X10 

16 

x8         6 

19          3 

20        10 

23         8 

as          i 

3X10 

ao 

x6         7 

17         3 

x8         8 

21             9 

aa 

3X10 

34 

IS         I 

15         9 

17         0 

19          3 

ao 

Tablo  ZDL*    MaTtmwm  Span  for  Rafters.    Slate  Roofs  not 

or  Shmgle  Roofs  Plastered 

See  explanatory  notes  on  page  736 


Total  load,  57  pounds 

per  square  foot 

Sizes 
of 

Distance 

Hemlock. 
5-990 

\VTiite  pine, 
5«xo8o 

Norway 
pine  or 
spruce. 

Douglas 

fir  or 

Texas  pine. 

>'eTlowpft 

on 

lb  per  sq  in 

lb  per  sq  in 

S-i  260 

5=1620 

S««x  80 

joists 

centers 

t>l-5S 

A-60 

lb  per  sq  in 
A  "-70 

lb  per  sq  in 
A -90 

Ibpersq 
A  ••10c 

in 

m 

ft        in 

ft        in 

ft        in 

ft        in 

ft          11 

3X4 

16 

6         9 

7          I 

7         7 

8         8 

9 

3¥4 

20 

6         0 

6         4 

6         9 

7         9 

8 

3X6 

16 

10         2 

10         7 

II         6 

13         0 

13          1 

3X6 

20 

9         1 

9         6 

10           2 

IX           7 

la 

3X6 

x6 

X2           6 

13         0. 

14         1 

IS       II 

x6          i 

3X6 

20 

XI            X 

n        8 

12         7 

14         3 

15           i 

2X8 

x6 

13         7 

14        3 

IS         3 

17         4 

»» 

2X8 

20 

12         2 

12        t 

13         8 

IS         6 

z6 

2X8 

34 

XI            I 

II          7 

12         6 

14            3 

14         1 

3X8 

x6 

16         7 

17          4 

18         9 

21            3 

2a 

3X8 

ao 

14        10 

15        6 

16         9 

19           0 

ao 

3X8 

34 

13          7 

14            3 

IS         3 

17          4 

x& 

2XX0 

x6 

,  17        a 

17         8 

19         2 

21            7 

aa        X 

2X10 

30 

IS            3 

15       XO 

17         X 

19          4 

ao 

2Xio 

.     24 

13       10 

14         6 

IS          7 

17          8 

x8 

*  Tables  XVITI,  XIX  and  XX  are  intended  for  climates  wbere  a  a-ft  soow-fall  maj 
expected.  In  the  Sorthem  States,  where  thb«'is  very  little  snow,  the  spans  in  T) 
XVni  will  be  safe  for  slate  or  xravel  roofs  if  the  joists  are  sawed  to  the  full  rf»mnwti 
Variations  in  "  Safe  $pans'*  in  different  tables,  for  the  same  kind  of  wsod,  depend  u 
the  iwiimfd  safe  Oexural  fiber-stress  or  modulus  of  elsstidty  or  both. 

1 4  in  the  tables  is  the  ooefl&fiient  in  focdHilat  lor  beams  Md  is  ooe-dgjhieeatli  cf 
sssuxned  flexural  fiber-stress,  S. 


Tmbk  lor  MazkBum  Spin  ol  Rftflen; 


741 


UMs  ZX.* 


flMr  Rtfltn.    ttat#  lliMii 


1 

Total  load,  66  pounds 

per  square  foot 

/ 

Sua 
d 

Distance 
on 

Hemlock. 

5-990 
lb  per  sq  in 

tA-55 

White  pine, 

5-1080 

lb  per  sq  in 

A -60 

Norway 

pine  or 

spruce, 

5-Z360 

lb  per  sq  in 

A-70 

Douglas 

fir  or 

Tesas  pine, 

5-1620 

lb  per  sq  in 

^-90 

Long^M^ 
yellow  pine, 

5-Z800 
lb  per  sq  in 

i4-zoo 

in 

in 

ft        in 

ft        in 

ft        in 

ft        in 

ft        in 

3X6 

i6 

9         5 

9       10 

zo        8 

12         I 

Z2          9 

aX6 

ao 

8         6 

8       10 

9        6 

10         9 

II         S 

1X6 

i6 

11         7 

za        X 

13         I 

14       10 

IS         7 

3X6 

ao 

lo         4 

10       zo 

zi        8 

13         3 

14         0 

2XS 

i6 

12           7 

13        a 

14        a 

16         2 

17         0 

aXS 

'  ao 

II         3 

11        9 

12        9 

U         5 

IS        a 

i  3X8 

24 

10         3 

zo        9 

II         7 

13         2 

13       10 

JX8 

i6 

IS         5 

16        I 

17       S 

19         9 

20        10 

JXS 

ao 

13         9 

14        S 

IS         3 

17         8 

18         8 

^3X8 

34 

12           7 

13        2 

14         2 

16         2 

17         0 

3XIO 

i6 

15         9 

16        6 

17         9 

20         2 

21           3 

3X20 

ao 

14         I 

14        8 

15       U 

18         0 

19         Q 

3XI0 

24 

13        zo 

13         5 

14         6 

x6        6 

17       S 

3Xia 

x6 

i8       10 

19        9 

21         4 

24         2 

25         6 

iXii 

ao 

l6       10 

17         8 

19         I 

21         8 

22       10 

iXu 

24 

15         S 

x6         I 

17         5 

19         9 

20       10 

|>*Tabks  XV  III,  XIX  and  XX  are  intended  for  climates  where  a  3-ft  snow-fall  may  he 
l^ictfltL  In  the  Southern  States,  where  there  is  veiy  little  snow,  the  spans  in  Table 
tiBI  viB  be  safe  for  slate  or  gravel  roofs  if  the  joists  are  sawed  to  the  full  dimensions, 
bitfioos  in  **Safe  spans"  In  different  tables,  for  the  same  kind  of  wood,  depend  upon 
banuncd  safe  flexural  fiber-stress  or  modulus  of  elasticity  or  both, 
til  in  the  tables  is  the  coeflSdent  in  formulas  for  beams  and  is  one-eighteenth  of  the 
Itted  flenxral  fiber-stress,  S. 


742: 


Stieogtk  aad  StiftieaB  ol  Wooden  Eloon        Chap. 


Iteblt  ZZL    MMioMHi  9§m  itr  OiMt  Jd«ti 

Set  «xptoiuUoiy  note  «p  p«i9  7S6 


Total  load,  20  pounds 

per  square  foot 

Sices 

of 
joists 

Distance 

Hemlock, 

White  pine. 

Norway 

• 

Shnrt-laaf 
yeUow  pine. 

Lone-leaf 
yellow  pin 

on 
osntfSrs 

•£-900000 

£->x  000000 

p«c, 
B^i  xooooo 

spruce, 
£— X  200  000 

Douglas  fi 
£-1  50001 

in 

in 

ft        in 

ft        in 

ft       in 

ft        in 

ft        in 

2X4 

IS 

8       XI 

9         3 

9         6 

9         XO 

10         7 

2X4 

x6 

8         z 

8         5 

8         8 

8       IX 

9         7 

2X6 

12 

13         5 

13       xo 

X4         4 

14         9 

15        xo 

2X6 

x6 

12         2 

la        7 

X3         0 

13         5 

14          5 

2X8 

12 

X7       xo 

x8        6 

19         I 

19         8 

21         a 

2X8 

16 

X6         3 

x6       xo 

17         4 

17        10 

19         3 

2X8 

20 

15         I 

IS        7 

x6         I 

X6         7 

17        xo 

ToUl  load,  24  pounds 

per  square  foot 

2X10 

12 

21          0 

21         9 

22         5 

23         I 

24        II 

2X10 

x6 

19         t 

19         8 

20          5 

21            0 

2a       .  a 

aXio 

20 

17         8 

18         4 

18      It 

17        6 

21          0 

2X12 

12 

25         2 

26         0 

26        XX 

27         9 

29        II 

2X12 

X6 

22         XX 

23        9 

24         6 

2S         2 

27         a 

2X12 

20 

21            3 

22        0 

22        9 

23         5 

2S        a 

*  £  is  the  modulus  of  elasticity  snd  is  in  pounds  per  square  inch. 

TaUe  XXn.    Maximum  Span  for  Floor- Joittt  for  DweBings,  Tenements 

and  Orammar-School  Rooms  with  Fixed  Desks 

See  explanatory  notes  on  page  736 


Total  load,  60  pounds  per  square  foot 


Sizes 

of 
joists 

in 


2X  6 
2X  6 
3X  6 
3X  6 
2X  8 
2X  8 
3X  8 
3X  8 
2X10 
2X10 


Distance 

on 
centers 

in 


12 
16 
12 
x6 

12 

x6 

12 

x6 

12 
16 


Hemlock, 
*  £-900  000 


ft 


m 


9 
8 

xo 

9 
12 
II 

U 
12 

IS 

14 


3 
S 

8 
8 

4 

3 

2 

II 

6 
I 


White  pane, 
£<-i  000000 


ft 


in 


9 
8 
II 
10 
12 
II 
14 
13 

^ 
14 


7 
9 
0 
o 
10 
8 
8 

4 

o 

7 


Norway 

pine, 

£"■1 100  000 


H 


m 


9 
9 

XX 
10 
12 
12 
IS 
13 
16 

15 


XT 

0 

4 
4 
3 
o 

2 

9 
7 
0 


Short-leaf 
yellow  pine, 

spruce, 
£— z  200  000 

ft       in 


10 
9 

XI 

10 

13 
12 

IS 
14 
17 
IS 


3 
3 
8 
8 
8 
4 
7 
a 
o 
6 


Long-leal 


Douglsafii 

Ems  500 oc 

ft         in 


It 
zo 

13 

II 

Z4 
13 
x6 

IS 
z8 
x6 


o 
o 
7 
5 
8 

4 

10 


Total  load,  66  pounds  per  sqtiare  foot 


3  Xio 
3    Xio 

2  X12 
a    X12 

3  X12 
3  X12 
2    X14 

2  X14 
2WX14 
2HX14 

3  X14 
3    X14 


12 

17 

16 

IS 

12 

18 

16 

16 

12 

20 

16 

18 

12 

21 

16 

19 

12 

22 

16 

20 

12 

24 

16 

21 

a 

7 
0 

4 
7 
8 
o 
I 

7 

6 

o 

10 


17 
16 
18 
16 
az 

19 
az 

19 
23 
21 

24 
22 


9 
2 
8 

II 
4 
4 

II 

9 
S 
3 

10 

7 


18 
16 

19 
17 
22 
20 
22 
20 

24 
21 

2S 
23 


4 
8 

3 
8 
o 
o 
5 
5 
2 
II 
8 
4 


18 
17 
19 
18 
22 
20 

23 
21 

24 
22 
26 
24 


II 

2 
8 
o 
8 

7 
Z 

o 

IX 

7 

5 

o 


*  £  is  the  modulus  of  elasticity  and  is  in  pounds  per  square  inch. 


Tables  for  Macdmum  Span  of  Floor*Joast8 


Spaa,  for  VlMf^Jbirti  for  rOfUnnhBnfl^aio 
See  axpkiwtevy  notes  <m  peg*  736 


1 

1 

Total  kMul,  93  pounds  per  square  foot 

cf 

Distuace 

Hemlock. 

White  pine, 

Norway 

• 

Short-leal 
yellow  pine. 

Long-kAf 
yellow  pin 

on 

*£-9oooo(^ 

fi-iocoooo 

pine, 
£•-1 100  000 

spruoe, 
£"i  200000 

Douflasft 
£«i5oooc 

• 

IB 

• 

in 

ft        in 

ft       in 

ft       In 

ft        in 

ft        in 

3x8 

12 

X2         3 

12        8 

13        1 

13         6 

14        « 

3X8 

z6 

II         I 

11         6 

II         ZI 

12         3 

13         S 

iXio 

IS 

13         4 

13        10 

14         3 

14         B 

15        10 

2X10 

16 

12            2 

12         7 

13         0 

13         4 

14        S 

3XEO 

12 

15         4 

15        lo 

16         4 

16         10 

18         J 

3X10 

16 

13      n 

14         S 

14       to 

IS          4 

16         7 

JXiJ 

12 

16        0 

16         7 

17         a 

17         8 

19         0 

h- 

16        . 

1 

14          7 

15         1 

IS         7 

16         0 

17         3 

Total  load,  96  pounds  per  square  foot 


^  Xu 

12 

16 

18 

2 

18 

10 

»^  . 

5 

20 

21 

6 

t    XZ2 

16 

6 

17 

I 

17  ' 

8 

X8 

19 

7 

0    XI4 

12 

18 

6 

19 

2 

19 

to 

20 

21 

II 

t    XI4 

Itf 

16 

10 

17 

5 

18 

0 

18 

19 

II 

afeXM 

12 

19 

II 

20 

8 

an 

4 

22 

23 

8 

2HX14 

16 

18 

2 

18 

9 

19 

5 

19 

II 

21 

6 

^  X14 

12 

21 

2 

21 

11 

22 

8 

33 

as 

2 

J  Xu 

16 

19 

3 

19 

II 

20 

7 

21 

2 

22 

10 

*  £  is  the  modulus  oE  elasticity  and  is  in  pounds  per  squace  inch. 

iMm  Zznr.    Ifazimiim  Span  for  Floor- Joists  for  Chtareheo  and  Theaten 

vhh  Kzed  SutM 
See  explanatory  notes  on  itagt  736 


Total  load,  102  pounds  per  square  foot 

Id 

1 

Distance 

Hemlock. 

White  pine. 

Norway 

pine, 

£>■!  loo  000 

Short-leaf 
yellow  pine, 

Long-leaf 
yellow  pine 

on 
centers 

*  £-900  000 

B»i  000  000 

spruce, 
£«>i  200000 

Douglas  fir 
£*i  soooa 

m 

in 

ft        in 

ft        in 

ft        in 

ft        in 

ft        in 

jX8 

13 

XI       10 

12         3 

12         8 

13         I 

14         I 

iJX8 

Id 

10        9 

XI          2 

II         6 

II        II 

12        9 

■IXio 

12 

12      II 

13         S 

13       xo 

14       a 

IS          4 

iXiD 

16 

II        9 

12            2 

12        7 

13       0 

13        II 

;ixio 

12 

14       10 

IS         4 

IS        10 

16       4 

17         7 

3x10 

16 

13         6 

13        11 

14         S 

14     10 

x6        0 

iXu 

12 

IS         7 

x6         z 

16         8 

17       1 

x8         5 

r '■ 

16 

14           3 

14         8 

IS         I 

IS        7 

x6         9 

Total  load,  lOS  pounds  per  square  foot 


1  XI2 

xa 

17 

8 

z8 

3 

z8 

^0 

19 

S 

20 

ZZ 

1  Xu 

x6 

16 

0 

x6 

7 

Z7 

Z 

17 

8 

19 

0 

^  X14 

la 

18 

0 

Z8 

7 

19 

3 

19 

8 

2Z 

4 

a  Xu 

16 

16 

4 

z6 

U 

17 

S 

x8 

0 

19 

4 

phxu 

la 

19 

4 

20 

z 

20 

8 

2Z 

4 

33 

0 

^xm 

16 

17 

7 

18 

3 

z8 

10 

19 

4 

20 

II 

fXl4 

la 

20 

7 

21 

4 

22 

0 

22 

8 

34 

S 

|j(14 

16 

18 

8 

19 

4 

20 

0 

ao 

7^ 

32 

2 

*  £  is  the  modulus  of  elasticity  and  is  in  pounds  per  square  inch. 
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Table 


Stzeogth  and  StifiEness  of  Woodea  Fkxns         Chap. 

Mtilmnm  8p«n  for  ikNir^Joiite  for  AaMmta^-Hilli  and  CorM 

See  ezplanatory  notes  on  pese  736 


Total  load,  laa  pounds 

per  square  foot 

Sises 

of 
joists 

Distance 

Hemlodc, 

White  pine. 

Norway 

Short-leaf 
yellow  pine. 

Long-lea 
yellow  pis 

on 
centers 

*£>9oooco 

£"i  000000 

pine, 
R^i  looooo 

spruce. 

Dausbi^l 

E^i  aoo  000 

£»x  soo  t 

in 

m 

ft        in 

ft        in 

ft        in 

ft        in 

ft         ai 

ax  8 

xa 

IX        a 

11         7 

IX          XI 

xa         3 

13 

3X  8 

x6 

XX          0 

10         6 

10       10 

IX         a 

12          i 

aXio 

13 

xa        a 

la         7 

13        0 

13        S 

K4 

aXio 

x6 

IX            I 

11        S 

II       10 

la        a 

13 

3X10 

xa 

13       ix 

14       S 

14        IX 

IS        4 

x6 

3XX0 

x6 

la        8 

13         I 

13         7 

13       II 

XS 

aXia 

xa 

14         7 

IS         a 

IS         8 

16        I 

17 

aXxa 

x6 

13        3 

13         9 

14         a 

14         8 

IS 

Total  loac 

i.  126  pounds 

per  square  foot 

3    Xia 

xa 

16         7 

17         a 

17         9 

18         3 

19 

3    Xia 

x6 

IS         X 

IS         7 

16          X 

16         7 

17         1 

a    X14 

xa 

16        II 

17         6 

x8         I 

18          7 

ao 

a    X14 

x6 

IS         4 

IS        II 

16         5 

16        II 

x8 

aHXi4 

xa 

IB         a 

18        10 

19        6 

ao        I 

2X 

aV4Xi4 

x6 

16         8 

17         3 

17       10 

18        4 

X9 

3    X14 

xa 

19         4 

ao         I 

ao         8 

ai        4 

2a         X 

3    X14 

16 

17         7 

18         3 

18       10 

19          4 

ao        X 

*  £  is  the  modulus  of  elasticity  and  is  in  pounds  per  square  inch. 


Table  XXVI. 


Mazfanum  Span  for  Floor- Joists  for  Retail  Stor^ 

See  explanatory  notes  on  page  736 


Total  load.  174  pounds  per  square  foot 


Sizes 

of 
joists 

in 


3X  8 
3X  8 
aXio 
aXio 
3X10 
3X10 
aXia 
aXxa 


Distance 

on 
centers 

in 


xa 
x6 
xa 
16 
xa 
16 
la 
16 


Hemlock, 
5«6oolb 
persq  in 
•i4-33H 


ft 


in 


8 

7 
8 

7 

10 

9 
10 

9 


7 
S 
9 
7 
9 

6 

I 


White  pine, 

spruce, 

5-700  lb 

persq  in 

i4-38.88 


ft 


in 


9 
8 

9 

8 

II 

10 

II 

9 


3 

o 

5 

a 

7 
o 

4 

10 


Norway 

pine, 

5»8oolb 

persq  in 

A -.44,44 

ft        in 


9 
8 
10 
8 
la 
10 
la 
xo 


IX 

7 
x 

9 
5 

9 

a 
6 


Douglas  fir 
short-leaf 

yellow  pine. 

S"!  000  lb 
persq  in 

ft        in 


II 

9 
II 

9 
13 
la 

13 
II 


X 

7 
4 

XO 

10 

o 
7 
9 


Soutbci 

■ong-lei 

yellow  pa 

S'^i  200 

per  sq  i 

ft  t 


X2 
XO 

xa 

XO 
XS 

13 

X4 

X2 


X 
I 


Total  load,  177  pounds  per  square  foot 


3    Xxa 

xa 

13 

6 

13 

6 

14 

6 

x6 

a 

X7 

3    Xia 

16 

10 

10 

IX 

9 

la 

6 

14 

0 

XS 

a    X14 

la 

la 

a 

13 

1 

14 

0 

IS 

8 

17 

a    X14 

16 

10 

6 

XI 

4 

ia 

a 

13 

7 

X4 

a^Xx4 

xa 

13 

7 

14 

8 

15 

8 

17 

6 

X9 

aWXi4 

16 

II 

9 

xa 

8 

13 

7 

IS 

a 

x« 

3    XX4 

xa 

x6 

8 

18 

0 

X9 

3 

at 

6 

93 

3    X14 

x6 

14 

5 

IS 

7 

x6 

8 

18 

8 

*  i4  in  the  tablis  b  the  coefficient  in  formulas  for  beams  and  is  one-eigtiti 
allowable  flexural  fiber-atress.  S,    For  values  of  il  f or  other  woods*  see 
ea8. 


thai 

n.1 


Tables  for  Maximum  Span  of  Rafters 


See  explanatory  notes  <m  page  736 


1 

Total  load,  48  pounds 

per  square  foot 

1    cf 

1 

Distance 

Hemlock, 

5-600  lb 

White  pine, 

spruce, 

5-700  lb 

per  sq  in 

i4 -38.88 

Norway 
pine. 

Douglas  fir, 

short-leaf 

yellow  xnne. 

Southern 

long-leaf 

yellow  pint 

on 

centers 

per  sqin 
tA-33^ 

5-800  lb 
persq  in 
^-44.44 

5-^1  000  lb 
persq  in 
it -55.55 

5-1  200 11 
persq  in 
i4-66H 

in 

in 

ft        in 

ft        in 

ft       in 

ft        in 

ft        in 

ax  4 

16 

5         9 

6         3 

6        8 

7         5 

8        a 

<X4 

20 

5         a 

S         7 

5       II 

6         8 

7         4 

1X6 

16 

8         8 

9         4 

XO          0 

II        a 

la        3 

ax  6 

ao 

7         9 

8         4 

8       11 

10        0 

10       11 

3X6 

x6 

XO         7 

II         S 

12           3 

13        8 

IS         0 

3X6 

ao 

9         6 

10         3 

10       II 

12         3 

13         5 

3X8 

16 

XI         6 

la        6 

13          4 

14       II 

16         4 

aX  8 

20 

10         4 

II         2 

XI        11 

13       '4 

14         7 

ax  8 

24 

9         S 

XO        a 

XO         XI 

la        a 

13         4 

2X10 

16 

14         5 

IS         7 

X6         8 

18         8 

ao        s 

axio 

ao 

U          IX 

13        XX 

14       II 

x6        8 

18         3 

txio 

M 

XI         9 

12           9 

13         7 

IS         a 

16         8 

ftble  XXVIIL* 


Ifaadmum  Span  lor  RaftMB.    Slate  RoofS,   not  Plastarod, 
or  Shingled  Roofs,  Plastered 

Sec  explanatory  notes  on  page  736 
Total  load,  57  pounds  per  square  foot 


White  pine, 
si^uce, 
5-700  lb 

• 

Douglas  fir. 

Southern 

Sacs 
of 

Distance 
on 

Hemlock. 
5-600  lb 
persq  in 

Norway 

pine. 
5-800  lb 

short  leaf 
vHlow  nin^ 
5-1  000  lb 

long-leaf 
yelk>w  piw 

5-1  20011 

centers 

t^-33H 

persqm 
i4 -38.88 

persq  in 
A -44.44 

persq  in 
A  -55.55 

persq  in 
A-6694 

,    is 

in 

ft        in 

ft        in 

ft        in 

ft        in 

ft        in 

i«4 

Id 

5         3 

5        9 

6         I 

6       10 

7      -6 

ax  4 

90 

4         9 

5         I 

5         6 

6        I 

6         8 

ax  6 

16 

7        II 

8         7 

9        a 

10        3 

II         3 

JX6 

ao 

7         I 

7         8 

8         a 

9        a 

10         I 

3X6 

16 

9         9 

10         6 

11         3 

xa        7 

13        9 

3X6 

90 

8         8 

9         5 

10         I 

II         3 

la        4 

aX8 

x6 

10         7 

11         S 

la        3 

13         8 

15        0 

3X8 

ao 

9         6 

10         3 

10         XX 

xa         3 

13       S 

aX8    , 

24 

8         8 

9         4 

XO          0 

11         a 

la        3 

3X8 

16 

13         0 

14         0 

15        0 

16         9 

18        4 

3X8 

ao 

II         7 

la         6 

13        5 

IS         0 

16        4 

3X8 

34 

10         7 

II         5 

xa         3 

13         8 

15        0 

axio 

16 

13         3 

14         4 

15         3 

17          X 

18        9 

iXxo 

30 

II        10 

12          9 

13         8 

IS         3 

16        9 

1 

34 

XO          10 

II         8 

12         6 

13        11 

IS         3 

*  Tables  XXVIl,  XXVIII  and  XXIX  are  intended  for  cUmatet  where  a  i-h  m^rni 
be  expect^.     In  the  Soutfaem  States,  where  tb«ce  is  very  little  snow,  the  >|i^a4 
:  XXVII  will  be  safe  for  slate  or  gravel  roofs  if  the  jobts  are  sawed  to  the  full  dime 
Vanatioos  m  "Safe  spans"  in differ^t  tables, ioK  the  same  kind  of  wood,  depe: 
1  the  aesmned  safe  flesoral  fiber-stress  or  modulus  of  ehstkity  or  both. 
Sk  ioot^note  with  Table  XXVL 
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Tftble  XXIX.*    Maiimitm  Spaa  for  lUfters.    SUte  BmIi, 

Gravel  Roofs,  not  Plastered 

See  explanatory  notes  on  page  736 


• 

Total  load,  66  pounds 

per  square  foot 

Sizes 
of 

Distance 
on 

Hemlock, 
5-600  lb 
persqin 

White  pine, 

spruoe, 

5-700  lb 

• 

Norway 

pine. 
5-800  lb 

Douglas  fir. 

short-leaf 
yellow  pine. 

5-1  000  lb 

Soutlfter 
long-tea 
yellofw  pi] 
5-xaoo 

joists 

centers 

tA-33h 

persq  m 
A -38.88 

persqin 
A -44.44 

persqin 
A -55.55 

persq  ia 

in 

in 

ft       in 

ft        in 

ft        in 

ft        in 

ft         it 

aX  6 

16 

7        5 

8         0 

8         6 

9        6 

zo           < 

aX  6 

30 

6        7 

7        a 

7         7 

8        6 

9          4 

3X  6 

16 

9         0 

9        9 

10         5 

XI         8 

12          XI 

3X  6 

30 

8         I 

8        9 

9         4 

xo        $ 

IX               i 

aX  8 

x6 

9        10 

10         8 

II         4 

13            8 

13      »J 

aX  8 

30 

8       10 

9         6 

10        a 

II         4 

12               « 

aX  8 

a4 

8         0 

8         8 

9         3 

10        s 

XZ              4 

3X  8 

16 

xa         X 

13         0 

13        II 

15         7 

X7            1 

3X  8 

ao 

10        9 

11         8 

la         5 

13       11 

15           ^ 

3X  8 

34 

9       10 

xo         8 

II          4 

xa         8 

13         11 

aXio 

x6 

la        4 

13         3 

14        a 

IS       II 

XT           ! 

aXio 

ao 

II         0 

XX          XX 

xa        9 

14        a 

IS           1 

;lXio 

24 

10        t 

zo       to 

II       zo 

13        « 

<4          i 

aXia 

16 

14        9 

15       II 

17        I 

19        I 

20         Zl 

aXia 

ao 

13        a 

14         3 

15         3 

17         I 

zS          f 

aXia 

34 

la        I 

13         0 

13       II 

15         7 

17          1 

•  Tables  XXVU.  XXVIII  and  XXIX  are  intended  for  cUmattt  where  a  2-H 
may  be  expected.  In  the  Southern  States,  where  there  is  very  little  snow,  tiie 
Table  XXVII  will  be  safe  for  ^te  or  grarel  roofs  if  the  jobts  axe  sawed  to  tlie  full  dim 
sioDs.  Variations  in  " Safe  spans"  in  different  tables,  for  the  same  kind  of  wood,  dcpt 
apoD  the  assumed  safe  flexural  fiber^stieas  or  modulus  of  elasticity  <x  both. 

t  See  foot-note  with  Table  XXVI. 

To  Determine  the  Strength  of  an  Eritting  Floor.  When  a  bufldi 
is  leased  for  mercantile  or  manufacturing  purposes  the  tenant  will  genen 
desire  to  know  the  greatest  load  wliich  it  will  be  safe  to  put  upon  the  floo 
and  some  building  laws  require  that  the  safe  load  for  the  floors  in  certain  daa 
of  buildings  shall  be  computed  and  posted  in  a  conspicuous  place  in  each  sto 
It  is  therefore  important  that  every  architect  should  know  how  to  compute  | 
safe  strength  of  any  existing  floor.  The  problem  is  practically  the  revciiq 
that  of  proportioning  a  door  to  a  given  load.  In  speaking  o£  the  strength  oi 
floor  a  distinction  should  be  made  between  the  safe  strength  and  the  safe  Iq 
The  SAFE  STKENGTH  shouUl  mean  the  maximum  safe  load  for  the  beams,  incA 
ing  the  weight  of  the  construction,  flooring  and  coling,  while  the  sate  x4 
refers  to  the  maximum  load  which  may  safely  be  placed  upon  the  floor.  1 
safe  load  is  found  by  first  computing  the  safe  strength  and  then  subtract 
the  weight  of  the  materials  forming  the  floor,  including  the  ceiling  below,  if  th( 
is  one.  The  most  convenient  measurement  for  either  the  &afe  smssoTtL' 
the  SAFE  XOAD  of  a  floor  is  in  pounds  per  square  foot.  The  following  cxanqi 
will  serve  to  show  the  method  of  determining  the  safe  load  for  an  onfinaiy  w^ 
house-floor. 

fizample  4.  It  is  required  to  determine  the  safe  load  per  square  ibot  fei 
floor  framed  as  shown  in  Fig.  4,  the  building  being  in  a  dty  the  laws  of  irtl 
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#m  1900  lb  per  sq  in  for  the  safe  flexure  fiber-stress  for  the  wood  of  whldi 
%t  josts  and  gliders  are  madew  The  jobts  are  covered  with  two  thicknesses 
i  H-in  flooring  and  the  ceiling  bdow  is  corrugated  iron. 
Mrfin  The  first  step  will  be  to  find  the  save  STKfiNOva  of  the  23-ft  joists, 
b  tlus  is  a  warehouse-floor  we  wiU  use  the  tables  for  strength  throughout. 
hm  Table  XII,  page  643,  for  5  •»  1  soo  lb  per  sq  In,  we  find  the  safe 
Itasth  of  a  I  by  14-in  joist  of  a2-ft  span  to  be  i  188  lb;  hence  the  strength 
iiiMby  14-in  joist  will  be  1 188  x  aH**  2970  lb.  As  the  joists  are 
|ia  OQ  centers,  each  joist  supports  a  floor*area  of  iH  X  22  ft  *  29H  sq  ft. 
fesAit  snsNGTH  PER  8QUAKB  lOOT  of  this  portion  of  the  floor  will  therefore 
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Stirmp 
Fig.  4.    Plan  of  a  'Warehouse-floor 


^2970/29^  «•  loi  lb.  Suppose  the  estimated  weight  of  the  floor  per  square 
|lt  b  8  Ih  for  the  jelsts,  6  lb  for  the  flooiing  and  i  lb  for  the  corrugated-iron 

t;  or,  say,  15  lb  in  2k.  Then  the  safe  load  vek  squaxs  loot  for  the  22-ft 
win  be  101  -  IS  -  86  lb. 
Hht  Baaders.  We  will  next  find  the  safe  load  for  the  4  by  14-in  headers  at 
b&  lide  of  the  stair-well.  As  the  tail-beams  are  framed  into  the  headers, 
kikuAd  deduct  one  inch  from  the  thickness  of  each  header  for  the  loss  of 
ngth  in  framing,  leaving  3  by  14  in  for  the  effective  dimenson  of  each. 
^  Tifale  XII,  page  643,  w«  find  the  safe  strength  Of  a  x  by  14-in  beam 
b>lti|iaa  to  be  I  867  lb.  Hence  the  strength  of  the  3  by  14  will  be  i  867  x  3 
^S6oi  lb.  The  floor-area  supported  by  each  header  is  4H  x  12  ft  i«  54  sq  ft; 
iKe  the  SATc  sremsth  of  the  header  per  square  foot  of  floor  is  s  601/54  » 
bb>  Deducting  the  weight  of  the  floor  per  square  foot,  we  have  104  —  15  •• 
^  ior  the  SAVE  ijOaix 

Unacr  A.  Trimmer  A  (Fig.  4)  supports  about  the  same  amount  of  floor- 
It  at  oae  of  the  common  joists^  and  supports,  also,  the  ends  of  the  headers. 
■■th«2Hin,  thathickBesaof  thecoMinon  jobts,  wehaveas  by  i4'i<kheaBi 
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left  to  support  the  headers.  As  the  headers  are  supported  in  Iron  stirrupt»: 
beam-hangers,  no  deduction  in  strength  need  be  made  for  framing.  To  find  1 
safe  strength  of  a  beam  loaded  with  two  concentrated  loadSf  equidistant  hk 
the  supports,  we  must  use  Formula  (14),  Fig.  11,  page  631.  In  this  CMe« 
8  ft  10  in,  or  SH  ft  and  ^  -  i  200/18  -  66.7  (Table  XII,  page  643). 

Applying  the  formula,  the  safe  load  at  each  joint »  5  x  14  X  14  X  66.7/4 
8H  -  I  848  lb. 

The  floor-area  supported  by  one  stirrup  is  equal  to  one-half  of  the  area  si 
ported  by  the  header,  or  27  sq  ft;  hence  the  safe  strength  per  square  foot 
the  5  by  Z4-in  header  is  i  848/27  «  68  lb,  and  deducting  15  lb  per  aq  ft  i 
the  weight  of  rhe  floor,  we  have  53  lb  per  sq  f t  as  the  safe  load  that  the  trimo 
will  support  on  the  door  at  each  side  of  the  stairs.  Considering,  as  foa 
above,  that  the  safe  load  for  the  2V1  in,  which  we  deducted  to  take  the  place  0 
common  joist,  is  86  lb  per  sq  ft,  we  might  consider  the  safe  load  for  the  trimn 
as  the  average  of  86  and  53,  or  about  70  lb  per  sq  ft. 

Trimmer  B.  This  10  by  14-in  timber  (Fig.  4)  has  to  support  the  same  floi 
loads  as  trimmer  A^  and  also  the  lower  end  of  a  flight  of  stairs  for  which  an  alio 
ance  of  at  least  i  800  lb  should  be  made.  This  stair-toad  being  piactica 
concentrated  at  the  middle  of  the  trimmer  is  equivalent  to  a  distributed  load 
3  600  lb.  As  the  safe' load  for  a  i  by  x4-in  joist  of  22-ft  span  is  i  188  lb  (Ta] 
XII,  page  643),  it  will  require  a  thickness  of  3  600/ x  x88—  3  in  to  suppi 
the  stairs,  leaving  7  in  to  support  the  floor-loads.  As  this  is  \k  in  less  than  t 
thickness  of  trimmer  /I,  it  is  evident  that  the  strength  of  the  floor  at  B  wiU 
a  little  less  than  at  A ;  but  aa  it  is  improbable  that  the  entire  floor-space  wiU 
loaded  at  any  given  time,  it  would  be  safe  to  rate  the  strength  of  the  floor 
each  side  of  the  stairway  at  70  lb  per  sq  ft,  uve  load,  and  beyond  the  sti 
way  at  86  ib. 

Partitioiia.  When  the  floor  support^  partitions,  the  weight  of  the  latter  a 
any  load  resting  upon  them  must  be  taken  into  account  in  determining  1 
safe  load  for  the  floor.  If  a  partition  runs  the  same  way  as  the  joists,  then  01 
the  jobt  directly  under  the  partition,  and  the  joists  at  each  side  will  be  affect 
but  if  a  partition  runs  across  the  joists,  theii  it  affects  the  safe  load  of  the  ent 
floor. 

Example  5.  Suppose  that  the  22-ft  jobts  in  the  floor  shown  in  Fig.  4  have 
support  a  plastered  partition  12  ft  high,  running  across  the  joists  half-way  1 
tween  the  walls.    What  will  be  the  safe  load  for  the  floor? 

Sotutioa.  A  plastered  partition  with  3  by  4  or  3  by  6*in  studs,  set  16  in 
centers,  weighs  about  20  lb  per  sq  ft  of  partition-face;  hence  a  partition  i^ 
high  will  weigh  240  lb  per  lin  ft  of  partition.  As  the  joists  are  16  in  on  d 
ters,  each  joist  supports  i  H  lin  ft  of  partition,  weighing  330  lb.  As  this  lod 
concentrated  at  the  ooiddle  sj;>an  of  the  joists  it  is  equivalent  to  a  distrihd 
load  of  640  Ib.  In  Example  4,  we  found  the  safe  dbtributed  load  for  the  a)t 
14-in  joists  of  32-ft  span  to  be  2  970  lb.  Subtracting  640  lb  from  thb  we  1h 
a  330  lb,  which  may  be  ased  for  the  floor.  As  the  floor-area  supported  by  < 
joist  is  39H  sq  ft,  the  safe  strength  of  the  floor  per  square  foot  is  3  330/ S9H  ■■ 
lb,  and  the  safe  load  is  79  —  15  <■•  64  lb  per  sq  ft.  Hence  the  partition  decvea 
the  safe  load  by  86  *-  64  -•  22  lb  per  sq  ft.  Whenever  the  upper^floor  joi 
are  supported  by  a  partition  carried  by  a  floor  below,  the  effect  of  the  partM 
and  its  load  upon  the  strength  of  the  lower  floor  should  be  very  carefully  co 
puted. 

Bridging  of  Floor- Jdists.    By  bsidgikg  is  meant  a  system  of  bradng 
floor-joisti,  either  by  means  of  small  struts,  as  in  Fig.  5»  or  fay  means  ol  sN 
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^  of  boards  Kt  at  rigfat-sn^es  lo  the  Joists  and  tilting  In  bctweeo  them, 
k  effect  of  this  brsdng  h  of  decided  odvuiUge  in' sustaining  any  concen- 
aatD  UMO  upon  a  floor;  but  It  does  not  materially  strengthen  a  floor  to  resist 
rmroain.*  vt9mB<m.o   load.    The 
Bl^Bg  also  stiffens  the  joists,  a.nd  pie- 
B&  them  from  turning  sidewise.     It  is 
Macnaiy  to  insert  rows  of  cnns-bridgiDg 

t  J  to  8  Ft  apart;  and  to  be  effective 
DBS  of  bridgiag  should  be  in  straight 
^  ilang  the  Boor,  so  thstetKh  bridging-  ' 
taa  [say  abut  directly  opposite  those 
(cat  to  it.  The  method  of  brid^ng 
^«ii  in  Fig.  5,  and  known  as  caoss- 
WCCNC,  is  conndcred  to  be  by  far  the 
Bi,  as  it  allows  the  thrust  to  act 
■aid  to  the  axis  of  the  strut,  snd  not 
nas  the  grain,  as  must  be  the  case 
fee  angle  pieces  of  boards  are  used, 
k  bridging  should  be  of  iVi  by  j-^ia 
■ck.  f«  I  by  lo-in  airi  nnaUer  joists, 
ilof  I  by  3-in  stodt  for  ii-  and  14-in 


F]g.  S.    Fkor-JDiM*  with  BHd(in|: 


fcaming  of   Woodso  Tloor-BBUBB. 
t  dwellings,   tenaneota   and    lodging- 

Kit  is  frequeatly  necessary  to  frame  the  timbers  so  that  they  are  Susk 
X  another.  The  old  methods  of  framing  the  tail-beams  and  headers  01 
■das  and  trimmers  by  mortise-and-tenon  joints  are  now  generally  superseded 
^kugint  the  Umben 


of  the  t 


e  strength 
lined,  whiU 


st  of  the  hangers  is 
less  than  the  lahor-cost  in  pre- 
paring the  mortise-and-tenoi 
joints.  AH  headers  6  ft  01 
I  more  in  length  should  tx 
carriad  in  joist- hangers  M 
stimips  and  this  is  usually 
required  in  tiio  building  codcb 
of  the  large  cities.  In  ware- 
houses and  all  ErsI -class  build- 
ings the  framing  should  b* 
done  by  means  of  joist- hangers. 
Pot  light  floors,  with  moderatg 
spans,  it  is  generally  safe  to 
frame  the  tail-beams  into  a 
btader,  provided  the  latter  is 
strong  enough  to  carry  the 
load  and  allow  i  in  in  thicknesa 
for   the   mortising.    Heade^^ 

KcuryingDot  more  than  two  tul-beams  are  often  framed  into  the  trimmers. 

I  cac  the  old  methods  of  framing  are  used  instead  of  the  superior  methods 

rjaistJuutgen.  the  best  shape  and  proportions  for  the  tenons  and  ends  o/ 
laa-beaiss  or  beaden  ate  tboM  fbown  in  Fig.  6.    This  form  of  framing 
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probably  oCfera  as  lacge  a  proportion  of  the  strength  of  the  timbefB  as  iti 
possible  to  utilize,  although  for  tail-beams  it  was  the  opinion  of  Mr.  Xodd 
that  a  single  tenon  like  that  shown  in  Fig.  7  is  fuUy  as  strong,  especially  wfa 
the  header  is  built  up  of  2-in  planks  spiked  together.    In  either  case,  if  the  flc 


Ftg.  7.    Alternate  Method  of 
Framing  Joists  into  Beader 


Fig.  8.    Fianwd  Joist  Split  byXoad 


is  loaded  to  its  full  strength,  the  tail-beam  will  spit  at  the  bottom  of  1 
tenon,  as  shown  in  Fig.  8,  which  Uiustrates  the  weakening  effect  of  t 
mortise-and-tenon  framing. 

Stirrups  and  Joist-Hangers.  The  first  device  used  for  framing  headen 
trimmers  without  mortising  was  the  wroxxght-iron  stirrup  shown  in  Fig. 
These  are  made  either  single  or  double,  depending  upon  whether  one  or  t 
beams  are  to  be  supported.    To  prevent  the  floor  from  spreading  and  thus  p 


DOUBLE  STIRRUP 


HMd 


SINGLE  STIRRUP  AND  JOINT  BOLT 


F|g.9.    Fuming  with  Wrought-iroD  Stimipt 

mitting  the  header  to  slip  out  of  the  stirrup,  a  joint-bolt  may  be  Inserted 
shown  in  the  two  right-hand  illustrations  of  Fig.  9.  To  determine  the  stren 
of  a  stirrup,  multiply  the  sectional  area  of  the  iron,  in  square  Inches,  by  ii 
lb  per  sq  in.  ^  (Table  i,  page  376.) 

The  following  sizes  of  iron  should,  in  general^  be  used  for  the  <fifferent  f 
ti  joists  to  be  supported: 
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b<(nMtvtiBib«»toba  EaMoa*  ef  tffmp- 

(  iby   Stojbyio H  by  iH 

i    4  ty  10  to  4  by  II M  by  iH 

fibr  II  tojby  14 Hlw3 

8by  II  to  4  by  14 »lV3>i 

,   6t».4 Mby4 

Iby  14  to  10  by  14 Hhy  ^ 

!  Jilit-H4Ug«rs.  Aside  Irom  tt«  nutter  of  strength  there  are  objectiDiii  to 
k  UK  ol  itiinip*.  II  the  timber  on  which  they  rest  it  not  perfectly  dry,  the 
hqn  will  icttle  by  so  amount  equal  to  the  shriDkage  of  the  beam  □□  which  they 

tMid  let  down  tbc  headei  wiLh  them,  and  the  ptojection  of  the  iron  above 
lop  of  the  timbers  will  necessitate  cuttiog  out  the  flooiing.  II  the  icirrupa 
t  Eipowd  in  this  way  their  appearance  is  objectionable.  While  they  may 
t  icatmd  to  resist  any  temioDal  atrcas  the  rrastance  of  iteel  to  bending 
rmmpiratively  small,  and  the  lesulting  crushing  of  the  timber  where  they 
leinff  the  edge  is  the  chief  objection  to  the  use  of  sticrups  of  this  type 
f  heavily  loaded   floon.    The  gmall  bearing  tiC  a  Umber  on  n  itimip  ii 


FI|.  10.    Falun  of  Slal  Stirrup  Wall-hinger 


In&dent  to  distribute  the  load  on  the  wood  over  the  required  area.  This 
koses  the  be&nng  per  square  inch,  allows  the  hanger  to  crush  into  the  edge 
I  tends  to  str«ghten  out  the  stirrup  as  shown  in  Fig.  29.  page  757.  The 
fe  Kiious  objection  ai^iUes  to  the  use  of  steel  itirTup-hangers  in  brick  walb 
fMirj  bcum  free  of  the  walls.  As  previously  eii^ained.  all  the  load  is 
Kfat  to  the  extreme  edge,  causing  a  much  greater  load  per  square  inch  on 
I  Bisoiuy  than  is  allowable.  Fig.  10  *  show^  the  elfect  of  crushing,  in  a 
ttaaaimlding  in  Minneapolis,  Minn.  Wall-hangers  made  of  steel 
na  dioald  Dot  be  used.  Patented  Med  hangers  riveted  to  bearing-plates 
[tkeaise  very  undesirable  as  the  crushing  effect  is  greatest  at  the  outer 
ii  dae  to  the  straightening-out  tendency  of  the  hanger  at  this  point. 
1^  II  and  12  iDujtrato  the  DujJei  and  Goeti  joist-hangar,  which  are 
Hed  and  are  daimcd  to  be  superior  to  the  old-style  stirrups.  Tbe  Duplex 
Bd  is  used  nut  only  for  ordinary  building-construction,  but  for  the  most 
loaded  null-construction  in  factories  and  warehouses.  As  these  hangers 
of  maUesble  iron  they  will  not  straighten  out  when  heated,  in  case  of 
ud  irap  the  beam),    lliat  is  trhat  happens  to  wtought-sted  stirrups 
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whan  the  twiit  becomes  heated.  This  hanger  bu  proven  perfectly  ntUacfl 
mnd  is  exteosivdy  used.  Roth  ue  made  in  sites  to  tit  all  r^ular  siies  oi  )d 
Di  siiders,  toA  have  ample  ittength  for  the  purpose  for  wldch  they  aic  intead 


Dnplei  JofatJiuigB 


Pig.  11.    Goeti  Jofat-huRr 

made  to  be  inserted  in  round  holet  he 


As  shown  by  the  fllustrations,  they  a 
Id  the  side  of  tbe  carrying  timben, 
tbe«e  hangers  tbe  effect  of  shrinkage  is  reduced  oae-balf,  and  the  other  two 


W 


F«.  II.    Duplo  I-beam  SheU-hugcr.    JoiUi  Raacd  Lew  than  Fi 


{ectionl  to  the  stirrup,  pcevioualy  meationed,  an  overcome.    The  Dv 

bUHW  has  rtdge*  on  the  inside  of  the  side  brK^eta  to  bold  the  beui.  ll 

Foi  tltntHvoi  UcK«r  iiM  and  for  the  beaviest  coostnictioi].  the  Dyplex  hu| 


Joist  uid  Beara^HoDgen  TS3 

bi  ?«.  32,  page  }gg,  ui  used  tad  iv  bollol  to  tho  beunl.     By  tfait 
'an  the  entire  buiidiiig  ii  tied  tagetber  latenlly. 

ibowB  the  Duplex  rbeun  haagtrjar  frunlng  Soot-iolMs  to  I  beami. 
'    to  exactly  fit  ioto  the  flufe  of  the  I  bKm.    U  l«i  a  rib 


Itte  tettom,  M  in  high,  which  ttrves  ai  a  lie  when  the  jolit  i>  placed  In  the 
Rei,  aod  it  provides  a  bearing  of  at  least  4^i  in  for  the  joist.  It  is  mads 
[wit  iny  joist  of  reeulir  size,  and  aHen  one  of  the  best  devices  for  framing 
Mbi  justs    to    I  beams  of  the  same  _ 

KIl  The  lungers  are  bolted  to  the 
p  of  Ihe  J  beam.  Fig.  H  ihows  the 
Weil-bcam  ahelf-haiiEei'  wluch  is  used 
pia  Ibe  construction  roiiure;  the  j 
iWniKd  above  the  lower  flange  of  the 
Fie.  15  illustrates 
I-txam  boi-haagcr  and  is 
d  where  the  joists  are  raised 
■R  Uiaa  4  in  above  the  lower  Oaoge 
Iftt  I  beam.  In  both  these  comtnic-  Fig.  17.  Dgrfei  Sleel  WaD-hangei  tot 
|h  the  hangeis    are   bolted   ^ngly  or  Lance  Bcura 

poile.  It  required,  on  the  I  beam  and 

k  lotfa  are  carried  on  the  loiref  flanges  of  the  beams.  Fig.  16  shows  a 
HS  hanger  made  to  support  the  wall-end  of  a  iloar-ioist.  Tlus  iorm  of 
Mnnxn  ii  considered   much    superior    to    the    method   of   building    th« 


)Hhjiei    ] 


g 


P%.  18.     Dupla  Eitra-heavy  W«lt-h»n((cr  for  Mill^oimructioii 


■  vaD,  as  it  absolntely  prevents  diy-rot,  and  permits  the  joins  to 

e  of  Bre,  without  thmwing  the  vail.     It  also  gives  the  load  a  good 

._  the  wall.     Fig.  17  iRostrates  the  Duplet  steel  wall-hanger  lor  larger 

Bad  F1(-  IS  ahcTwa  the  Duplex  extt«-hesvy  waU-hanger  for  the  heaviat 
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B^-cOTutmction.  These  Imhsos  bear  the  Uitt\  o(  approvil  of  the  Natial 
Board  oi  Fire  Underwritra  and  »ra  goneraily  considefcl  the  b««l-deaiiii«i  m 
buigers  DOW  on  the  nui^L  This  haafer  Rivcft  aa  nun  bearins  on  Ibe  maaa 
mdiiio  DanBtructedifa&iitieBCUufcuDitanddiatnbutesthekttdaquAllyoi 
the  entire  suiiace  ol  the  Duuoniy.    There  is  no  tendency  for  ■  hAngei  of  t 


F^.n.    "Ided"  Wn>iighl4tcd  BeuB^iui 

type  M  cnuh  in  at  the  edge  oi  the  masonry  and  straighten  out,  u  is  the  c 
with  some  other  types  of  waS-hangen.  Fig.  IQ  shows  the  Duplex  wsH-han 
uied  in  connection  with  walls  cojistnicted  of  concrete  bloclis.  These  h&ngers 
often  used  in  repair-work  in  party  walls,  as  they  avoid  the  cutting  o[  Urse  b 
Id  the  walU,  and  also  provide  an  easy  and  »nip1e  method  of  carrying  thie  jo 
'     IS  walla.    The  Ideal  hanger  illustrated  in  Fig.  20  is  made  of  n 


■teel  and  corrugated  at  the  pidnta  where  it  i*  bent  over.  _ 

Uods  to  prevent  bending  at  these  points.  Fig,  21  illustrate!  anoUi^  Ion 
tbe  Ideal  banger  with  itAa  for  qiiking  to  a  limber.  This  hucor,  ala 
comiuted.  In  these  hangers  tha  full  strength  a(  Che  stad  is  rvuincd  ai 
Gben  of  the  metal  are  not  cut  in  forming  tbem.  Ther  are  made  of  wtD« 
■teel  ban  lolded  to  the  required  shape    Fig.  22  shows  tb«  Ideal  hinim  m 


Joiit  afld  Beain->%iigen 


7BS 


Ittd  phta  ud  in  poutiDa  to  be  bailt  iatii  >  brick  mlL  Othsr  ffluitntioiil 
~  '  ngen  are  siven  in  ChapUi  XXU.  The  Vu  Dun  huisci,  iUiuUMed 
%  2S,  s  enoitially  ■  stump  tiKgtd  (com  Ugt^stade  itcel.  The  few  tesU 
been  nuile  woulil  aeaa  to  indicnto  tbat  it  developei  e  greater  lO- 
s  boidinf  than  the  ordinaiy  stirrup,  while  it  gtres  &  wider  btuing 


,1L   Vu  Dam  Bcub-bangii 


Fie-U.    Vu>  Dos  WaU-hugei 


( joist  and  presEnta  a  mucb  neater  appaaiance.  Fig.  24  ihom  the  aama 
I  rivded  to  a  bent  iron  plate,  to  bu£d  into  brick  wails.  When  the  hanger 
K  DKd  over  a  steel  baun  tbe  upper  ends  ar«  beat  to  Rt  ovec  the  flange  of 
MO.  as  in  Fi(.  26.  "Although  I  know  of  no  teu  of  the  strength  oi  a  Van 
UcMU  hu^O',  it  would  Mem  as  tboiwh  it  must  be  much  stiover  tlkan 


Pig.  30.    Nitioni  Joist  or  Beus-huiga 


»  X  nd  27  rtMM*  the  gcacnl  fonn  of  two  other  patented  joiat'hanga^ 
pkvtlDtfed&otnplatc  steel.    Both  of  these  bangen,  also,  are  made  lobe 
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built  tnto  brid.  walls  and  to  go  ovci  steel  beams.  The  Natiooal  hsBBrr  (Fit. 
has  a  flange  oa  top,  vhich  helps  nutsrially  in  distributing  the  kwd  over  the 
o(  the  beam  as  shown  in  figure.  The  Uiger  hangers  of  this  style  have  bole 
the  top  for  large  s[)ikes.    1 

(Fig.  Z7)  have  been  much  n 
Comparative  StrencdM 
Dillarent  TypAa  of  Ja 
Hangen.  Although  the  t 
that  have  been  made  to  dt 
mine  the  strength  ol  diffe 
hungers  are  few  in  nurobe 
sufficient  numba-  have  I 
made  to  show  that  any  ooi 
the  bangeis  described,  inchK 
the  canmum  9tiiTUp>  ia  at 
dantly  strong  tor  any   stM 


FIf.  >T.    l^Bc  Joht  at  Bcun^ugv 


onlji  ID  the  case  of  ■  heade 

trimmer  which  supports  a  load  over  a  considerable  floor-area  that  Ibe  Mia 
need  be  considered  at  oil.    From  test: 
and  on  girder-hangers,  it  would  apfx 
hangns  usually  develop  great  streog 
by  T4'il1  girder,  austained  a.  load  of 
Itsdf.    A  similar  hanger  hdd  utttfl 
loaded  up  to  39  550  lb,  when  one 
side   broke    i^    short    under    the 
nipple  projectiDg  into  the  tfanbcr, 
the  condition  of  the  banger  after 
failure  b^ng  shown  in  Fig.  ZS.    A 
common  stirrup  made  from  K  1^ 
l^-in  wrought  iron  failed  under  a 
load  of  ij  7SO  lb  by  bending  and 
pulling  over  the  header,  as  shown 
in   Fig.  29.    A   6   by    il-in  ited 
hanger  "  began  to  atraitjiten  out 
under  a  load  of  13  300  lb,  and  fuled 
to   itM   under   a   load   at   18  750 
lb."*     SiNQLK     hangers     of     the 
stirrup-type  do  not  bi£A^  but  fail 
by  the  bending   op  ci  tfie  parts 
which  lie  over  the  top  of  the  header 
as  shown  in  Fig.  29,    Thqy  also  appear  to  crush  the  wood  under  ibpin 
ticulvly  at  the  edges,  to  a  very  much  greater  eitoit  than  does  the  tpn 
the  Duplex  banger.    Wth  a  double  stitnip  the  ultimate  strength  is  meaa 
by  the  strength  ol  the  iron.   Thus,  a  double  stirrup,  made  o(H  by  i>i-in  wra 
iron,  WW  loaded  up  to  57  Gjo  lb  (18  Sij  lb  on  each  sde),  iriien  it  broke  it 
tA  the  lower  corner*.    A  single  Kiinip  would  of  coune  be  just  as  strmg 
could  be  kept  from  bending.    In  actual  construction  the  flooring  over  the  be 
to  some  extent  prevents  the  top  of  a  stirrup  from  springing  up.    The  testal 
•  From  fiUi  camjUkA   by  Mr.   Kidder  from  ■ 


Fig.  a.    Knult  oi  Test  ol  ■  T*o.(i) 


CooQMntive  StiVBgtItt 


nkNHlj  affect  ita  strength 
(be  knd  b  witloD  the  smlt 
e  at  Balti- 
Ud,  Augutt  24,  1904,  with 
IHD  jdats,  qwoed  ii  in  rai 
n  and  aaapanirA  br  tboe 
Bt  kt  into  a  header  focnKd 
K  J  by  1 3-iii  joiitj,  qxked 
a,  Kould  Ktm  to  prore 
ETtn  wfacD  tbe  holes  ue  12  in 
Ihty  do  mot  seriously  weaken 
'  Tbe  only  record  oC  the  fail- 
pi  aoy  form  of  hanger  whra 

tl  un  awvc^   ^  that  '  ' 
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*bow  cmdnrivcly  that  wfane  only  a 


*■  of  six  floors  of  a  ware- 
|ldl,(iiNov.  7,  1902,  throu^  f^  K 
^^ic  of  a  wsll-banger  oade 
.  by  I  by  14-io  structucat 
aq^  rindi  was  sheared  and  bent  and  riveted  to  an  S  by  16  by  U-Id 
W-plate.  Tbe  failure  was  due  to  the  crashing  of  the  outer  edge  of  tbe 
hri  ander  the  hanger,  and  the  cotuequent  bemling  up  of  the  tcv  portiac. 
■ctinl  load  on  the  hanger  was  ]UK>ut  15  000  lb."  * 

•  F  E.  Ciddcf.    3m,  tin,  FBgkswfi^  Nnrs,  Nn.  m,  ifa^ 
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CHAPTER  XXn 

WOODKN  MILL  AND  WABEHOUSE-CONSTEUCTIOl 

By  1 

A.  P.  STRADLING 

SUPEKINTENDEMT  OP  SUKVEYS,  PHILADELFHIA  VISX  OMDEKWRIXBBS' 

ASSOCIATION 

1.  Mill-Conitnictioii  ^ 

Deflsition.  The  term  ifZLL<x>NSTRncnoN  !s  commonly  used  to  designii 
method  of  construction  brought  about  largely  through  the  inflaenoe  oi\ 
Boston  Manufacturers'  Mutual  Fire  Insurance  Company  of  Boston,  Mass^  i 
especially  through  the  efforts  of  Mr.  Wm.  B.  Whiting,  whose  jud^meal 
mechanical  mattos,  and  experience  and  skill  as  a  manufacturer  were  for  ai 
years  devoted  to  the  interests  of  insurance  companies,  and  to  the  impiov-eai 
of  factories  of  all  kinds.  The  e:(tended  use  of  this  sjrstem  and  the  impiroveflM 
that  have  been  made  in  it  during  receht  years  are  probably  due  more  t*^ 
influence  of  Mr.  Edward  Atkinson,  President  of  the  Boston  Mamifactoi 
Mutual  Insurance  Company  and  Director  of  the  Insurance  Engineering  "Rip 
ment  Station  at  Boston,  than  to  that  of  any  other  individual. 

Cost.  The  purpose  of  miU-construction  is  to  reduce  the  fire-risk  to  its  1 
est  point  without  going  to  the  expense  of  fire-proof  construction.  The  incred 
cost  of  heavy  timber,  however,  and  in  fact  of  all  lumber,  together  with 
lessened  cost  of  the  erection  of  the  so-called  fire-proof  types,  constmj 
entirely  of  reinforced  concreie,  or  buik  with  protocted  steel  Inunea  mnd  ino 
bustible  floors,  and  the  recognition,  also,  of  the  obvious  advantages  of  a 
FIRE-RESISTING  CONSTRUCTION,  especially  in  the  congested  sections  of  cities, 
bringing  these  types  into  more  general  use.  The  cost  of  these  latter  t3rpe 
construction  is,  in  many  instances,  no  more  than  the  cost  of  various  type 
mill-construction. 

The  Slow-burning  or  Mlll-Conttniction  Type.    The  experience  of  y 

has  entirely  justified  the  use  of  this  tjrpe.  It  renders  possible  a  somewfaat 
costly,  and  at  the  same  time,  what  is  of  great  importance,  a  more  effective  siy^ 
of  fire-protection  than  can  be  installed  in  buildings  of  light  construction,  i 
the  so<alled  joisted  floors  and  with  the  roofs  made  of  boards  supportec 
2-in,  3-in,  or  4-in  joists.  The  entire  subject  of  slow-bttrning  or  miux 
STRUcnON  as  applied  to  factories  is  most  admirably  described  and  illustr 
in  Report  No.  s  of  the  Insurance  Engineering  StaUon  of  the  Boston  Mt 
facturers'  Insurance  Company,  No.  31  Milk  Street,  Boston,  Mass.,  from  w 
the  author  has,  by  permission,  taken  and  adapted  many  of  the  foilofwing  1 
trations  and  descriptions. 

2.  What  Mill-Construction  Is* 

(i)  Heavy  Timbers.  MiLL-coNsxRUcnoN  consists  in  so  disposing 
timbers  and  planks  in  heavy,  solid  masses  as  to  expose  the  least  numlM 
comers  or  ignitable  projections  to  fire;  and  to  the  end,  also,  that  when 
occurs  it  may  be  most  readily  reached  by  water  from  sprinklers  or 


*  From  Report  No.  5  of  the  Insurance  Engineering  Station  of  the  Boston 
tinecs'  Imwninop  Company,  No.  31  Milk  Street,  Boston,  Mass. 
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\  U)  Rrt-Stops.  It  consists  tn  separating  every  floor  from  evay  otiier 
Ibk  by  iooombustible  stops,  by  iostAlling  automaticatly  dodng  hatcfawaya 
ipd  by  encasing  stairways  either  in  brick  or  other  incombuBtible  partitions*  so 
|fcU  a  file  will  be  retarded  in  passing  from  floor  to  floor  to  the  utmost  conaisteDt 
lilfa  the  nse  of  wood  or  any  material  not  absdutely  fiie-prooi. 

is)  Kre-Retsrdaats.  It  consists  In  guarding  the  ceilings  over  all  spedally 
ittudoas  stock  or  processes  with  nsE-RrrAKDANT  m atekials,  such  as  plaster* 
1^  hid  over  wire  lath  or  expanded  metal,  or  over  wooden  dovetailed  lath, 
Uowing  the  lines  of  the  ceilings  and  of  the  timbers  and  leaving  no  interspaces 
vnrcen  the  plastering  and  the  wood;   or  else  in  protecting  the  ceilings  over 

trdous  places  with  asbestos,  air-cell  boards,  sheet  metal,  Sackett  Plaster 
d,  or  other  fire^retardant. 

\  U)  fira-Salafiiards.  It  consists  not  only  in  so  constructing  the  mill,  work* 
iBin  or  warehouse  that  fire  will  pass  as  slowly  »i  possible  from  one  part  of  the 
fuMng  to  another,  but  also  in  providing  all  suitable  saybouakos  against  vole. 

»  S.  What  Mfll-Constrtsction  It  Not 

L  (x)  Concealed  S|Mces.  Miil-coDstructioo  does  not  consist  in  so  disposing  a 
■BQ  quantity  of  materials  that  the  whole  interior  of  a  building  becomes  a  sbries 
■  WOODEN  CEXLS,  oT  coocealed  spaces,  connected  with  each  other  directly  or 
p  cncks  through  which  fire  may  freely  pass  where  it  cannot  be  reached  by 
Mer. 

k  (a)  She  of  Timbers,  Fire-Stops,  etc.  It  does  not  consist  of  aa  apeii-tii>t>er 
■Btniction  of  floors  aind  roofs  which  resembles  mill-construction,  but  wiiich 
milt  with  light  timber  of  insufficient  size  and  with  thin  planks,  without  fire< 
KB  or  fire-guards  from  floor  to  floor. 

^<3)  Stairvmys.  It  does  not  consist  in  connecting  floor  with  floor  by  com- 
tamsLE  WOODEN  STAIKWAYS  encasod  in  wood  less  than  two  inches  thick. 

rCi)  Pintitioiis.  It  does  not  consist  in  putting  in  very  numerous  UGHt, 
noDEy  DivtsiONS  or  partitions. 

,  (5)  Sheathing  and  Furring.  It  does  not  consist  in  sheathing  brick  walls 
[Ith  wood,  especially  when  the  wood  is  set  off  from  the  walls  by  fvHring,  and 
kei  if  there  are  stops  behind  the  furring. 

i^}  Ymniwhm  It  does  not  consist  in  permitting  the  use  of  vaxnisb  on  wood- 
■k  over  which  a  fire  will  pass  rapidly. 

\{r)  Glaae,  Ftre-Shutters  and  Wir»-OUss.  It  does  not  consist  in  leavhig 
Mows  ezpoaed  to  adjacent  buildings  and  unguarded  by  naB-sHUTTSKS  or 

^-GLASS. 

\^  Psintinf  end  Dry-Rot.  It  does  not  consist  in  painting,  varnishing, 
Mng  or  encasing  heavy  timbers  and  thick  planks,  as  they  are  customarily 
yhmd,  and  thus  maldng  possible  what  is  called  dry-sot,  caused  by  a  lack 
I  ventilation  or  opportunity  to  season. 

($}  Sprinklers,  Pumps,  Pipes,  Hydrants,  etc.  It  does  not  consist  in 
bring  even  the  best-constructed  building  in  which  dangerous  occupations  are 
Ipbwed  without  automatic  sprinklers,  and  without  a  complete  and  adequate 
upmeat  of  pumps,  pipes  and  hydrants. 

Rift)  ^^riff^*«t  Ia  wood  sad  Other  Materials.  It  does  not  oouist  in 
|«K  more  wood  en  pinisbino  a  building  alter  the  floors  and  roof  are  laid  than 
Ifieofaitely  necessary,  since  there  are  now  many  safe  methods  available  at  low 
prt  fiTT  f'rr^'^K  ^inX^  and  oonstmctlog  partitions  with  slow-buniDg  or  in* 
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combustible  niateriati&  Anconiiiigly  if  plaster  is  to  be  ptt  on  a  ceWng  and 
to  follow  the  lioe  of  the  UDderside  of  the  flooring  and  the  flooring-tirabeisi 
should  be  piain  umb-mortas  plasteb^  which  is  sufficiently  porous  to  pen 
seasoning.  The  addition  of  a  skim-coat  of  lime>putty  is  hazardous,  espedi 
if  the  overflooring  is  laid  oyer  rosin-sized  or  asphalt  paper.  This  rule  apfi 
to  almost  all  timber  as  now  clelivered.  Examples  of  all  -of  the  faculty  meth 
of  construction  above  mqationed  have  been  found  in  various  buildings  p 
porting  to  be  of  miU-construction,  and  they  all  form  parts  of  what  has  soi 
times  been  called  combustible  construction. 

4.  Standard  MiU-Conatruction 

Example  of  Standard  Mill-Construction.  Fig.  1  shows  a  cross-sect 
through  a  mill  of  the  customary  or  siamsab9>  type  recommended  by  the  Bc^ 
Manufacturers'  Mutual  Insurance  Company,  the  details  of  construotion  be 
revised  to  May,  1908. 

Walls.  If  additional  stories  are  required,  the  walls  may  be  increased 
thickness  according  to  the  number  of  stories  added*  after  a  computation 
been  made  of  the  loads  which  a  standard  factory  may  be  called  upon,  to  i 
tain.  Walls  should  be  of  brick  and  at  least  13  in  thick  In  the  upper  story,  t 
their  thickness  should  be  increased  in  the  lower  stories  to  support  additic 
loads.  Plastered  walls  are  often  to  be  preferred  to  unplastered  walb.  Windi 
arches  and  door-arches  should  be  of  brick,  and  window-^ils,  outside  door^sUb  1 
under-pinning  of  granite  or  concrete. 

Roofs  and  Floors.  The  roofs  should  be  of  3-in  pine  planks  spiked  dita 
to  the  heavy  roof-timbers,  and  covered  with  five-ply  tar-and-gravd  rooli 
Roofs  should  incline  from  %  to  %  in  per  ft,  and  incombustible  cornices 
recommended  when  there  is  exposure  from  noghboring  buildings.  Fk 
should  be  of  spruce  planks,  4  in  or  more  in  thickness  aci:x)rdtng  to  the  flf 
loads,  spiked  directly  to  the  floor-timbers,  and  kept  at  least  \^  in  away  fram 
face  of  the  brick  walls.  In  order  to  obviate  the  danger  of  cracking  the  wi 
which  ^ftietimes  results  from  the  swelling  of  planks  laid  dose  against  tb 
these  ^Hces  left  between  walls  and  floor-planks  must  be  covered  by  strip 
battenn^th  above  and  below.  In  floors  and  roofs,  the  bays  should  be  h 
8  to  loVTlt  wide,  and  all  planks  two  bays  in  length  should  be  laid  to  bv 
joints  every  4  ft,  and  grooved  for  hard-wood  splines.  Usually  an  overfloo 
bitch  or  maple  is  laid  at  right-angles  to  the  planking,  but  the  best  mills  ban 
double  overfloor,  a  lower  one  of  soft  wood,  laid  diagonally  upon  the  idanks  1 
an  upper  one  laid  lengthwise.  This  latter  method  alk>W3  boards  in  alleys 
passageways  to  be  easily  replaced  when  worn,  while  the  diagonal  boards  U 
the  floors,  reduce  the  vibration,  and  distribute  the  floor-loads  more  unifon 
than  the  former  method.  Between  the  planking  and  the  overfloor  sbouhl 
two  or  three  layers  of  heavy,  hard  paper,  laid  to  break  joints,  and  each  mop 
with  hot  tar  or  similar  material  to  make  a  reasonably  water-tight  as  wd 
dust-tight  floor.  The  usually  rapid  decay  of  the  basement  or  lower  flooc 
mills  makes  it  desirable,  whenever  wood  is  not  absolutely  necessary,  to  m 
such  floors  of  cement.  If  wooden  floors  are  required,  crushed  stone,  and 
or  furnace  slag  should  be  spread  evenly  over  the  surface,  and  covered  wit 
thick  layer  of  hot-tar  concrete.  On  this  tarred  felt  is  often  laid,  wdl  mop 
with  hot-tar  asphalt,  and  over  it  a  flooring  of  2-in  seasoned  planks,  well  pec 
down  and  nailed  on  edge  without  p<6rforBfting  the  wster-proofingT  under  It.  ' 
haid-wood  boards  of  the  oveifloor  are  then  nailed  across  the  planks.  Ce« 
concretes  promote  decay  of  wood  In  contact  with  them.  If  eKtra  suppocts 
lequiied  for  heavy  machinery,  Sndepandent  foundatioos  of  masonry  shouU 
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provided.  In  view  □[  Ihe  difficulties  frequently  met  with  in  presnving  M 
ment  Soon  of  tbe  ordiD9.ry  timber  coTUtruction.  becau^  oi  the  lack  oi  luilal 
venCilation  undetneatii,  sod  also  in  view  of  the  r^id  deMr  o(  tiinber  and  pit 
floors  in  blntbecies,  dye-works,  print-worki,  and  the  like,  in  which  the  flo 
<)(iickly  become  saturated  with  mdsture,  actifidal-Etone  Soon  are  bdnc  t 
in  many  of  the  modem  plaots. 

Sli«i  kod  Einda  of  Timbsra.  Atl  woodwork,  not  standjuu)  coMsm 
noH,  in  order  to  be  glow-burnino,  must  be  in  LAiae  masses  which  present  1 
least  surface  possible  to  a.  lire.  No  pieces  less  than  6  in  in  width  sbouU  be  n 
for  the  ligbtest  rooFs.  and  for  substantial  roofs  and  floors  much  wider  ones  i 
needed.  Timbers  <JiouId  be  of  sound,  long-leaf,  yellow  pane,  and  (or  tiia 
to  14  fay  !6  in,  single  pieces  are  preferred;  or,  timbers  7  to  8  by  i6  in,  are  all 
used  in  pairs  bolted  together,  without  air-spaces  betwten.  They  should  i 
be  pointed,  varnished  or  filled  for  three  years  because  of  the  danger  of  diT  ■ 
and  for  the  same  reason,  an  air-space  should  be  left  in  the  masonry  vaODd  i 

Beam-BoiBi,  Colnmn-Capi,  etc.  Timbers  should  rest  on  casr-n 
PLATES  or  BEAM-BOXES  in  tbe  walls  and  on  cast- lion  caps  on  the  columns.  Bu 
BOXKs  are  of  value  as  they  slrenglheo  the  walls  when  the  Boor  k>ads  ace  ha 
and  the  distance  between  windows  smalli  they  facilitate  the  laying  of  I 
bridiG  and  the  handling  of  the  bcnms:  and  there  is  less  danger  of  bresting  I 
bricks  in  putting  the  beams  in  pUcc.    They  also  insure  proper  aic-spaccs  aiM 


Fig.  a.    FhKs-tlmba'  so  Wall-plate  Ftg.  t.    Rarf-timfas  on  WaO-pUIi 

the  ends  of  the  beams.  Fig.  2  shows  a  floor-timber  resling  on  a  caSt-HON  wiu 
PLATE  with  a  lug  lot  anchoring  the  timber  to  the  wall.  Fig.  3  shows  a  ig 
timber  resting  on  a  cast-jBOn  wau-plat^,  an  overhanging,  open,  woo^ 
cornice  and  a  vrought-iran  joist-anchor.  Fig.  4  shows  a  caSt-iboh  cap  a 
PIHTLE  for  colimms,  and  dogs  for  holding  the  floor-timbers  together.  Fi( 
shows  a  roof-timber  resting  on  a  cdlitun-cap  cast  to  £t  the  slope  of  the  n 
the  timbers  are  held  together  by  i-in  wrought-iroa  dogs.  These  diagtams  i 
Intended  only  as  general  illustrations  of  slow-buhNINo  or  MUX-CONSTsDcn 
The  details  should  always  be  adapted  to  the  special  conditiona  of  the  9te  I 
to  the  purxrases  for  which  the  buildings  are  used. 

Colnmn*  of  yellow  pine  should  be  bored  through  the  axis,  making  a  iH- 
diameter  hole,  and  should  have  H-in  lateral  vent-b(4es  near  the  ti^  and  botll 
The  ends  abould  be  carefully  squared.    To  prevent  diy-rot,  wooimt  coun 
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U  not  be  iiaiiitcd  until  tbcy  are  tborousUjr  seuaned.  Tliq>  tbouM  be  set 
'  ich  may  be  cast  in  one  [aece  with  the  oil,  or  Mparately.  Cast- 
ue  preterred  by  some  eagioeen,  and  when  a  building  is  equipped 
c  tgriakiea,  nicli  coltunna  have  proved  ntiifaOoiy;   but  th^ 


Sat-cap  and  Fintk  for  Floof-timber  uid       Hg.  fi.    RDof-timbcn  cm  ColumA- 
CiJunicis  cap 

Gfc-cnisting  as  wooden  columns.     WiiOOCBT-IlON  or  STEEt  COLOKNS 
■Id  DM  be  used  uoless  encased  witb  at  least  3  in  of  fiiepcooGng. 
Kadow*  should  be  placed  as  higb  and  made  as  wide  as  possible  to  obtain  the 
ot  light,  and  the  use  of  ribbed  glass  is  recommended  loi  Ibe 

Tti^t,  D>flectliM  ind  ^bntioD.  la  ctxnpulln^  the  sixe  of  the  timbers 
he  working-load,  consideration  must  be  given  not  only  to  the  weights 
be  carried,  but  al^o  to  the  chabacteb  of  the  luCHtKERY  which  is 
be  operated  on  tbe  Soots.  Beams  of  sufficient  stieagth  to  support  the  weights 
^iibote  oc  deflect  under  the  wdght  and  action  of  the  machinery;  and  thete 
I.  tiMKfoFe.  three  facton,  WBMntT,  DEiLKcnoN  and  viBRAiroir,  WMdi  must 
ansidend  in  delenoimng  the  width  and  depth  of  tbe  beams  that  are  to 
nd  in  the  structure. 

OhjactiatuUe  Tjpea  el  CiniMractioB.  "We  do  not  approve  what  has 
netimes  misoJIed  Mili^cONstkcctiOh,  that  is,  longitudinal  girdera 
ipoo  po^s  and  auppoiting  floor-beams  spaced  4  ft.  more  01  less,  tn 
This  mode  ol  construction  not  only  adds  to  tbe  quantity  of  wcxtd 
■J,  bat  ibe  disposal  of  the  timbers  ohstnicts  the  action  of  the  sprinklers,  pre- 
■n  the  sweeping  of  a  bose-stream  from  one  side  of  the  mftt  to  the  other,  and 
■■  (inleis  als>  ctetnict  the  most  important  tight,  that  ftoe  the  top  of  the 

Babar,  Vanblatioii,  Paiafing,  etc.  Tmibers,  unless  known  to  be  Ihor- 
ibb'  iosoned.  should  not  be  encased  in  any  kind*  Of  air-proof  phsterlng  nor 
ated  Kith  oil-paints;  white-wash,  calcimine  aod  wMar-pamU  OMV  be  used, 
'  zf  ire  pmmis.  As  a  rale,  limbers  should  be  leit  uhpioiected.  since  a 
rhidi  will  seriously  impair  and  destroy  heavy  timbers  will  already  have 
its  wort  upon  other  parts  ol  tbe  struauee. 
k^aand  Campound  Bmidi.  While,  in  general,  single  beams  should  be 
some  instances  it  may  be  desirable  to  substitute  coupotniD  beauS, 
(■stBung  two  oc  mon:  beams  or  tfiick  planks  side  by  side.  It  is  oftw 
ci>tjiia  weU-seasoncd  lumber  in  small  dimensions-  Such  c 
iltod  together  without  air-spaces,  and  owii . 
it  be  painlfd  01  varnished  for  three  yeais. 
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Staam-npn.    If  a,  mill  ii  to  be  heated  by  conveying  steam  throosfa  fit 

such  [upes  should  be  bung  overhead. 

Comicea.  Wherever  buildings  ore  expoBcd  or  are  liable  ta  be  expose] 
fire  in  the  near  future,  the  cornices  sbould  be  of  noD-combustible  conitmctioD 
preferably,  the  walls  should  extend  above  the  roof-timbers. 

Glasa,  Frames  and  Shattara.    All  openings  in  walls  sho<dd  be  piotec 
either  by  approved  wire-glass  in  aiq>roved,  metal  frames  oi  by 
shutters. 

S.  Balti,  Stairway*  and  K«vat«-Towan 

ContiaDDna  Floor*.    One  of  the  moat  important  features  of 
o  make  each  and  every  Boor  o 


avoiding,  as  far  as  possble.  boles  for  bd 
fire  may  be  confined  to  the  story  in  whii 
owner,  engineer  or  builder  will,  therefore 
uiaiD  belt^  in  BBioa  iowebs  or  in  sectioos 
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IS  ia  these  mlb  iboiild  be  imtected  by 
,  pcdenUv  tdf-cloiiiig.    In  tDodeni  practice  all  belU 
■I  niB  wUcb  may  be  lued  for  the  tiaimuukui  ol  ptnver  to  the  varioiu  raomi, 
£  vxiTicu.  BELT-CTtAMBMa,  from  whjch  tbe  jsowet 


hn  should  be  no  unprotected  openings  ii 

Sktfti  abora  Root.  Skyll^ta.  All  soAm  for  staiss.  elevatorb, 
an^  ctc^  should  extend  at  least  j6  in  above  the  roof,  and  all  such  ibafti 
"  be,  if  pooable,  on  the  oiltsde  of  the  buildFhg.  Elevator  and  bclt-ihafts 
■id  be  covered  with  thin  glass  iliylights  in  metal  frames,  protected  imder- 
Kli  with  wire  netting.  Figs.  6  and  7  illustrate  a  section  and  plan  of  a  corrotf- 
'  nring  elevator,  stair  and  belt-shafts  arranged  on  the  above  principle. 
should  be  in  a  separate  towei  rather  than  in  manufacturing  roonu- 
Aa  Bntn-Plant  should  be  in  a  separate  building  cut  ofi  from  the  engine- 
by  a  brick  wall,  and  tbe  openings  in  this  wall  should  be  protected  by  autO- 


&   Standaid  StOMhoDM-CMitriiMlon 
I*  of  Storehonaa-Conatmctlon.     Fig.  S  shovs  a  cms 
:  &re-to«eT  and  Fig.  9  the  fint-story  plan,  including  the  eli 
K  ol  a  f  oia-atoiy 


U^af  StoriM.      fjg  g_    Foui-jtory  Slorehome.    Sfction  ihimigh  Firfrtower 
Es  iliouki  be  made  lov  enough  (Fig.  10]  to  prevent  overloading,  and  when 

laith  a  ii-in,  clear  space  under  the  beams  to  allow  [or  the  distribution  of 

rfmn  the  sprinklers. 

•-Talla.     For  convenience,  as  well  as  to  separate  the  different  hazards  of 
Is  and  &nished  goods,  the  building  should  be  divided  into  sections 
t-wAi.U  extending  at  least  36  in  above  the  roof. 

-BtB^  Storahotiaea.  A  one-siokv  siokehouse  is  recommended  in 
KB  to  the  design  just  described,  whenever  there  is  a  sufBdent  quantiQr 
[  bod  at  disposal  for  this  purpose.  The  one-story  building  is  cheapn, 
aavrnient,  and,  when  separated  into  small  divisions  by  fire-walls,  repre- 
l>r  ^eat  method  of  storeiiouse-construction. 
kwB  Bad  Framinc.  Tbe  FLOoa-riMBEas  and  toor-mnns  should  be 
^leaf  ydloM  Fane,  in  ungle  pieces,  if  possible.  If  necessary  to  use  double 
,lbcT  should  be  bolted  together  without  air-spaces  between  them.    Tim- 
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ben  should  rat  on  out-irDO  pbtei  or  bnm-bma  in  the  mUa,  uid  m  mt-b 
a^»  on  tbe  coluiniu.  At  least  U4a  aii-spaca  ibouM  be  Ml  uound  alt  btl 
built  into  tha  muoniy,  tllowiiit  frae  vtntilalion  and  prenntiiic  diy  idC    C< 


Fl|.  S.    Foui-itofy  Slonbodie.    Fint-sbny  Plu 
(s  of  yellow  pine  should  have  their  eod-iurfaces  cut  (quore  with  the  cotu« 


Fl|,  10.    Four-Mory  Stonhouie.    Inmetiic  View 

MrLL-CoNSTtcmoN.  The  flooring  should  be  constructed  as  called  for  m 
Standard  MiLL-CoHncucnoK.  In  order  that  the  9oo»  may  be  as  oe 
water-proof  as  possible,  tarred  paper,  mopped  with  tar,  shouh]  be  appGa 
previously  suggested.  The  floors  in  each  story  of  the  tower  should  be  at  1 
1  in  lower  than  the  Boor  in  the  adjoining  compartment,  and  the  rflls  ot  the  t 
openings  to  the  tower  ahould  be  inclined  to  make  up  the  diSermc^  In  b 
The  ull.  atiot  of  the  outdde  door  at  Ihs  tower  ahould  be  lower  tham  the  u 


StMKJid  StQWhogag-CoMiniction 


7«f 


b  BavpMS.  Watei  on  tka  BfBon  «t  tb*  twee  Will  onltiMtilr  tow  dwn  the 
tVCHtura.  uid  thi  ■mocenicDt  ol  the  BooC'leveU  indicated  ibove  will  otdi- 
■dr  Ctrreot  mta  boa  ait  upiper  Konr  (nm  Bowies  iota  one  of  tbe  lotm 
■i]D{iutiDenls.  if  it  is  eKspiog  ttuougb  the  tower.  Cut-iron  bcuppeis  are 
■fcBed,  aiid  tbey  ihould  be  set  in  the  brickwi^  at  frequent  intervals,  and  w 
ddtneri  that  they  will  cany  &way  rapidly  a  maiimum  quantity  of  water  (rom 
tkc  Bun  of  each  compaitment.    To  iurther  the  dralnajv  of  witcn  the  Soon 

kold  be  ioclincd  From  tbe  middle  oF  the  compaitmeDts  to  the  Kuppera.    Fig. 

U  ihum  the  wufD-saiELa  scuffee.*  which  embodies  the  liLtcat  impiovemcatJ. 


rnOKT  ILBUATION 


Hg.  11.    Detail  of  WiDd4bield  Snipper 

ppv  only  one  Sap  is  provided  on  the  outside  of  the  bdldinf. 

windy  weather,  this  flap  blows  open  and  sometimes  Ireeie* 

This  teaulu  in  a  continuous  draft  through  the  scupper  and  over  the 

f  the  factory  or  warehouse  and  neceisitates  an  increase  in  the 

furnished.     The  scupper  shown  in  Fi-.  11  corrects  this  conifi- 

klfl-jsovidiiiKthe  light  wind-shield  on  the  floor-levd  of  the  scupper.    When 

rr  flap  btowi  open  the  windshield  shuts  off  the  draft  (ram  the  outside. 

IB  Kopper,  in  addition,  acts  as  a  fire-retardant  when  an  adjoining  building 

g.  aod  wboi  there  Is  a  tendency  lot  ttie  flames  to  communicate  thiough 

A  ignite  mecchandise  on  the  floor.    The  wind-shield,  by 

3  the  drafts  and  fire,  acts  as  a  retardant  or  shield  to  keep  out  the 

^KuafactDRd  by  tbe  inid-ShMd  Scnppee  Compuy.  i  Uadina  Avenue,  Haw 
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Tower  for  Stairways,  EloTaton,  ete.  Access  to  the  various  stories 
obtained  by  means  of  a  brick  tower  outside  the  main  building,  extending  s6 
above  the  roof,  and  containing  siairways,  £I£VAT0RS,  xtc.,  access  to  wfaidh 
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Fig.  12.    Stairway-tower  and  GaUedea  at  Side  of  Stordiooae 

obtained  by  open  galleries  at  each  floor-level.    (See  Fig.  12.)     A   door 
from  the  upper  story  of  the  tower  affords  a  ready  means  of  reaching  the  r 
Automatic  hatches  are  not  necessary  for  the  elevator,  as  guard-gatks  9 
every  purpose.    If  it  is  necessary  to  construct  the  tower  for  the  elevator 
stairs  inside  of  the  building,  access  to  it  should  be  as  shown  in  Fig.  13.     'i 


'm//mi^. 


^////////V//^///, 


Fig.  13.    Stairway-tower  Inside  of  Stocehoose  ** 


construction  serves,  also,  as  a  fire-iower,  part  of  the  outside  waJi   \ 
omitted. 

Roof  WaUs  and  Parapets.  The  walls  should  extend  36  in  above  tlte 
and  the  parapet  should  be  laid  in  cement,  because  the  moisture  readil; 
sorbed  by  the  bricks  would  otherwise  pass  downward  and  make  the  wrails  « 
top  story  damp.  In  some  instances  a  course  of  bricks  dipped  in  coal-4 
laid  above  the  roof -level. 

Sprinklers,  Standpipes  and  Hose.  Mills  and  storehouses  shoold  b« 
tected  throughout  by  automatic  sprinklers  and  by  inside  STAMDpm 
hose-equipments.  Dry-pipe  sprinklers  should  never  be  used  unless  it  i 
practicable  to  heat  the  building.  These  S3rstems  should  be  planned  ^^^^  1 
vised  by  a  thoroughly  reliable  fire-protection  engineer.  (See^  alao^  Q 
XXIII,  pages  903  to  905.) 
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7.  Ixampla  of  One-Story  Work-Shop 

For  work-shops  oa  cheap,  level  land,  and  especially  for  buildings 
\  wbkh  the  stock  b  heavy,  one-story  buildings  have  proved  to  be  more 
ipnnfnifyl  thaa  higher  buildings,  in  cost  of  floor-area,  supervision,  moving 
iKk  m  pcxKess  of  manufacture  and  repairs  to  machinery,  much  of  which 
l>  be  run  at  greater  speeds  than  when  it  is  in  high  buildings. 

Wuming  and  Vantflating.  Window-Area.  Such  buildings  are  readily 
taotd  and  ventilated,  and  heavy-plank  roofs  are  free  from  condensation  in 
M  weather.  Window-areas  should  be  as  large  as  practicable,  as  a  large  window- 
^  redoces  the  hours  of  artificial  illumination.  If  the  building  is  exposed  to 
^  from  amother  building  or  buildings  of  hazardous  occupancy,  the  windows 
Md  be  of  the  Fenestra,  Lupton  or  other  equally  good,  steel  construction, 
hud  with  wire-glass.  The  forced  circulation  of  heated  air  is  a  very  desirable 
^kod  of  heating  mills,  and  should  be  used  in  connection  with  overhead  steam- 

jReefa.  As  wooden  floors  are  subject  to  rot,  the  general  floor-construction, 
Ipowble,  should  be  of  concrete  or  earth  or  some  other  non-combustible  mate- 
fi  But  as  the  dust  rising  from  floors  of  such  materials  injures  machinery, 
|Au  the  dripping  of  oib  weakens  such  floors  and  seems  to  make  a  wooden 
knuNG-siTKFACE  necessary,  the  following  construction  b  recommended, 
token  slag  or  stone,  several  inches  in  thickness  and  thoroughly  rolled,  b  first 
ft  doivn,  and  over  thb  a  4-in  layer  of  tar-concrete.  On  this  is  laid  a  i-in 
icbess  of  asphalt,  evenly  rolled.  Over  this,  2  or  3-in  hemlodc  planks,  bedded 
lot  pitch,  are  laid  and  over  them  a  %  or  i%-in  maple  floor,  at  right-angles 
itib  planks. 

dtamn  and  Beam-Conatmctlott.  Figs.  14  and  15  show  clearly  the  mode 
CDunor  AND  BEAM-ooNSTRUcnoN.  No  beams  or  other  structural  timbers 
laid  be  painted  or  varnished  until  thoroughly  seasoned. 

Ihe  Boofa  should  be  as  called  for  under  Standard  Mill-Construction. 
lESSES  in  roofis  are  ordinarily  from  8  to  ao  ft  on  centers,  the  3-in  pbnks  span- 
H  the  distance  between  the  trusses  as  shown  in  Fig.  14,  or  resting  on  purlins 
^kss  than  8  ft  on  centers,  and  running  longitudinally,  as  in  Fig.  15. 

Bomicaa  and  Gnttera.  In  Fig.  14,  the  overhanging  open  cornice  is 
pn,  with  a  drip  to  the  outside  and  without  gutters.  Roofs  sloping  back  to 
Ue  gutters,  as  shown  in  Fig.  15,  are  preferable.  Projecting  brick  cornices, 
Idi  protect  the  woodwork  from  outside  fires,  are  shown  in  Fig.  15.  If  the 
Ung  b  exposed  to  other  buildings  of  hazardous  construction  and  occupancy, 
^uetzed  brick  walls  and  cornices  are  needed. 

kaof-Coaatmetion.  The  roof -pbnks  should  be  at  least  two  bays  in  length, 
^king  joints  every  3  ft;  or,  if  purlins  are  used,  the  pbnks  should  cover  at 
It  two  spaces  between  the  purlins,  and  break  joints  as  above.  Roof-timbers 
rid  be  well  anchored  to  walls  in  a  safe  and  suitable  manner.  While  the 
F'looiH  form  of  roof  may  .be  used  with  this  type  of  building,  it  may 
1  he  always  necessary  or  advisable;  and  the  types  shown  in  Figs.  14  and 
«e  types  common  for  machine-shops,  foundries,  and  simibr  buildings,  in 
Idi  increased  bead-room  b  required  for  traveling  cranes.  The  middle  sec- 
^over  the  crane  b  often  provided  with  saw-tooth  skylights  with  excellent 
Iks,  and  the  side  bays  and  others  are  made  higher  for  galleries. 
ImI  Stmctoral  Mambeni.  In  ordinary  one-story  machine-shops,  or  in 
i^i^  of  «gfn*^«»'  nature,  where  wide  spans  or  trusses  are  necessary,  the 
of  szeel  yrapcmaAL  MnfF^»°  is  not  objectionable. 
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8.  Saw-Tooth  Roof-Conatniction* 

The  Great  Advantages  and  the  increasmg  use  of  saw-tooth  roof-consb 
tion,  and  the  lack  of  familiarity  with  it  at  many  factories,  make  it  desiiabli 
outline  important  features. 

Two  Typical  Designs  are  illustrated,  Fig.  16,  a  textile  weave-shed  i 
a  good  basement  for  the  shafting  for  driving  the  looms  on  the  main  floor  ah 
thus  dispensing  with  the  overhead  shafting  and  belting  in  the  weave-ro 
and  Fig.  17,  a  design  for  a  light  machine-shop  or  foundry.  Other  desk 
using  light  wooden  trusses  or  reinforoed-concrete  walls,  are  applicable. 

Roof-Types.  It  may  be  well  to  state  here  that  while  light  roofs  with 
and  3-in  joists  and  with  light  boards  should  never  be  used,  and  while  the  f 
dpies  of  SLOw-BXTKNiNG  or  MiLL-cONSTRUcnoN,  With  its  heavy  timbers, 
preferred,  the  increasing  difficulty  of  promptly  obtaining  yellow-pine  lumbc 
good  dimensions,  and  its  increasing  cost,  often  necessitate  the  use  of  tn 
and  rather  light  timbers;  but  in  no  case  should  these  timbers  be  less  than ' 
in  width  nor  of  insufficient  depth  to  carry  the  load.  This,  also,  is  in  o 
that  they  may  be  slow-burning.  The  roofs  in  all  cases  should  be  constzo 
of  planks  and  have  wide  bays. 

Steel  Roof-Trasses.  The  adaptability  of  the  light  forms  of  stbel 
FRAMING  TRUSSES,  especially  when  wide  spans  are  needed,  often  compels  1 
use;  and  in  plants  having  a  safe  occupanpy,  such  as  that  of  metal-workers, ) 
trusses  are  not  objectionable,  providing  adequate  sprinkler-protection  wil 
good  water-supply  is  available  to  prevent  quick  failure  of  the  sted  work, 
to  heat  from  the  combustion  of  the  contents  of  the  building  or  from  the  bur 
of  the  roof.  Similar  protection  is,  of  course,  needed  in  shops  with  woe 
TRUSSES,  if  disastrous  fires  are  to  be  prevented;  but  experience  has  shown 
the  STEEL-TRUSSED  ROOF  will  fail  much  more  rapidly  than  one  of  wood  n 
similar  conditions. 

Wooden  versus  Steel  Columns.  Wooden  posts  are  nearly  always  a 
able  and  should  be  given  preference;  but  if  light  steel  columns  are  nece 
they  should  be  well  protected  by  insulating  materials  if  they  are  in  rooms 
taining  combustibles,  as  the  column  is  the  vital  part  of  the  roof-support. 

AdTantages  of  Saw-Toofh  Roofs  may  be  outlined  as  follows: 

(i)  Uniform  Diffusion  of  Light  throughout  the  room,  thus  makiq 
space  in  it  available.  With  all  interior  surfaces  painted  white  and  with  ri 
glass  in  the  sashes,  the  diffusion  of  ught  b  almost  perfect. 

(2)  Better  and  Cheaper  Lighting.  Greater  adaptability  for  %^ 
large  floor-areas  in  wide  buildings  with  low  head-room  when  compared 
what  is  necessary  in  wide  buildings  with  the  ordinary  form  of  monitor-skyfi 
Saw-tooth  roofs  furnish  the  true  solution  of  the  problem  of  exduding  the  d 
rays  of  the  sun  and  obtaining  the  very  desirable  north  light.  They  rcsii 
fjeater  economy  in  ugrting,  as  they  lower  the  fixed  charges  due  to  the  sn 
number  of  hours  per  day  during  which  artificial  light  is  necessary. 

is)  Better  Working-Conditions^  especially  in  textile-mills,  ther^l^  inc 
log  production  and  encouraging  permanency  of  employees. 

(4)  Special  Adaptability  to  many  Industries.  The  saw-tooth  foi 
espedally  adapted  to  weaving  and  similar  processes  in  textile-factories,  tc 
chine-shops,  foimdries  doing  light  work,  and  similar  processes,  such  as  aa 

*  Taken  and  adapted  by  permisBion  from  the.;3<^ston  Manofacturcn'  Mntaal  ] 
aace  Company's  gpccificaitiona  for  the  conslnictioa  of  aaw-tooth  nxib. 
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'  IXudfutttgM  tt  datr-tooth  Rooft.  While  the  testimony  of  those  who 
me  bd  experience  with  saw-tooth  roofs  is  almost  unifoHnly  favorable, 
pBedfficnlfiaft  hftve  been  exitenenced,  p<actkt]|y  all  of  whlcb  may  b«  stimmed 
I9  s  due  to  cither  faulty  design  or  poor  workaiaiiship.  The  difficulties  id 
^Bnlaie  caused  by 

'  (i)  LeAkBf  due  to  severe  coti^tions  dtxiing  winter  in  otir  northern  cfimates. 

!  {3)  Poor  VefttOAfion. 

(^  SiMMiT#  H««t  when  roofs  are  thin. 

i  (4)  lutsiive  Condensation  on  the  underside  of  roof  and  glass  when  the 
^■pttature  oatadde  is  low  and  there  is  considerable  moisture  in  the  rooms. 

kffnt^d  Methods  of  ConsttntUoii.  The  following  suggestions  show  how 
^(fifficdties  mentioned  may  be  obviated  if  the  A]mtovED  MfeTHODS  are  applied 
bstiedal  cases  by  competent  engineers  or  ucfaitects.  What  is  good  engineex- 
kc  ffom  the  view-pdnt  of  the  manufacturer  can  also  be  good  ratE-PKOTEcnoir 
liECiKEEsiKG,  and  any  design  should  be  adapted  to  both  if  the  best  intecests 
kthe  manufacturer  are  to  be  served: 

(i)  Diffnsod  Indirect  Sunlight.  As  it  is  desirable  to  avoid  direct  sun- 
llik  and  at  the  same  time  obtain  an  abundance  of  light,  perfectly  diffused, 
li  SAW-TEETH  shoukl  face  approximately  north  and  the  glass  should  be  indined 
k  the  vertical  to  take  advantage  of  the  brighter  tight  in  the  upper  sky  and  to 
iMvest  cattmg  off  the  light  by  the  saw-tooth  Immediately  in  front;  and,  above 
|i^  to  sssore  the  nmrusiON  of  the  ught  over  the  floor  rather  than  on  the  under 
Hie  <if  the  loof-planking. 

{3)  Ani^o  of  OlMs«  For  the  glass  an  angle  of  from  20^  to  25^  from  the 
Btrdcal  and  an  angle  of  approximately  90**  at  the  top  of  the  saw-tooth  will  be 
Aoot  ri^t,  the  variations  depending  upon  the  amount  of  light  required  and  the 
Ivitiide.  A  sharper  angle  at  the  top  Is  not  needed,  as  it  increases  the  cost,  and 
libs  more  roof  to  be  covered  and  larger  spans;  more  glass,  also,  is  required 
I  proportion,  and  the  Ught  Is  not  as  good,  as  mote  Kght  f  r<»n  the  sky  is  lost 
lid  too  ttiucfa  Ught  is  thrown  on  ^e  under  ^e  of  the  roof. 

Cj)  (rltzing'>l>ot«ils.  Double  glazing  with  a  space  left  between  the 
ll^  of  gUss  is  prderred  on  account  o!  its  conducting  qualities;  but  It  is  not 
llnys  neoessazy,  except  in  the  more  northerly  countries.  The  inside  glazing 
mid  be  done  with  factory-ribbed  glass,  set  with  the  ribs  vertical  and  facing 
k-  Shadows  cast  by  trusses  are  then  ahnost  annoticeable. 

i  (4)  Gvtters  and  Conductors.  Condensatxon-gutteks  are  needed  inside. 
It  the  bottom  of  the  sashes,  and  they  should  be  drained  through  msioE  CON- 
pcKtts  and  not  to  the  outside  under  the  bottom  of  the  sashes,  as  these  latter 
Nnit  coU  air  and  are  liable  to  ireeze. 

(5)  VsBofs  between  the  SMU^amia^ktoM  bo  flat,  from  14  in  to  2  ft  in  width 
Npitdied  %  in  per  ft  towards  the  conductors,  which  shoukl  be  of  ample  size, 
m  BBt  mtlch  over  50  ft  a^art*  and  prafcMbly  less.  The  necessary  piks  may 
kebisioed  fay  czoss^ikces  df  varying  keighu  s«t  oa  top  of  the  trusses*  and  thus 
|Nidii«  hoBow  spaces. 

(Q  Pt«valllion  «f  Lwikt.  iisaics,  «dik)i  txt  conmnoa  faults,  nay  ordi- 
mif  be  prevented  by  a  caMf  <d  design  of  the  gutten,  valleys  and  sashes,  and  by 
p^og  on  good  -v^ol^ttnan^p  and  aaaieriak.  The  ioof-<oovering  of  asphalt 
^pltdi  ^bodid  be  eOBltiniiMSB  IhMMgh  tfat  valleys  and  eatend  «p  to  the  gbss. 
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One  (orm  of  conitruction  uoderalnod  to  have  been  very  ntufactoiy  li  ibowik 

Fig.  IS  aod  in  conoectioD  with  it,  tefcieace  ihould  be  made  to  the  papen  m 
discussion  on  Saw-Tooth  Roofs  in  Trans.  Am.  Soc.  M.  £.,  190;,  vol.  iS,  wfat 
contain  much  of  value. 

(7)  Warraiiic  and  Vontllattoii.    Eiperimce  his  demonstrated  the  advi 

tag!  of  a  comlHnatioD  of  Dimecr  kaduiion  with  a  fan-  niffident  oiilr  for  vs 

TiLATiON  and  TEUFEaiNG  the  beat  of  the  room.    Heating-pipes  iboiild  usoa 

be  placed  overhead  and  directly  under  tlic  front  of  tbc  s&w-teeth,  and  nm  t 

entire  length,  and 

this  position  assist 

preveating  mitden 

tion.    Where  then 

some  forced  drcu 
,     tion  is  necessary,  a 
it  is  best  obtained 
g',  a  fan,  which  dri< 

the  air  from  eitbe 
dry  basement  or  fr> 


tageous  in  ptomot 
the  health  and  oa 
fort  of  the  empkvi 
Fig.  18.    Detiil  of  Valley  ol  Siir-tooth  Roof  and  in  making  tt 

V  0  T  k  i  n  g-effide 
greater.  Ventilation  and  coaling  of  these  large  areas  with  comparatively  I 
stories  must  not  be  neglected.  Ample  vents  are  needed  at  the  top  in 
form  of  large  metal  ventilators  with  double  walls  and  tight  dampers,  11 
are  recommended  in  place  of  pHVOted  or  swinging  sash,  which  ate  apt  to  1 
in  driving  storms,  and  when  open,  allow  dirt  to  blow  in  from  the  n 
Good  windows  are  advised  in  side  walls  and  experience  has  shown  their  valitf 
(8)  Detaila  of  Ftamiag  and  Conatmction.  The  ntuoKO  of  the  u 
TEETH  may  be  of  timber,  steel  or  reinforced  concrete.  The  design  shouU 
such  as  will  obstruct  the  light  as  little  as  possible,  strong  enough  to  ha4d' 
snow  without  sagging,  and  stiff  enough  to  carry  shafting  motors,  etc.,  «l 
they  are  to  be  overhead.  When  wood  or  steel  is  used  the  loof-pluil 
should  be  3  in  or  more  in  thicltness  spanning  bays  from  S  to  10  ft  in  wit 
Hollow  spaces  in  roofs  should  not  be  permitted.  They  are  very  undt 
able  from  a  fire-standpoint,  and  any  coadensatjon  which  may  take  pUa 
them  during  cold  weather  soon  lots  both  planks  and  sheathing.  Sheath 
even  without  spaces  behind  it,  is  a  more  or  less  objectioDable  feature,  ai  I 
readily  combustible;  but  if  it  is  used  it  should  be  applied  directly  to  the  Dl 
aide  of  the  roof-planlu.  with  only  a  layer  cJ  some  insulating  material  betwea 
that  there  will  be  no  concealed  ipaces.  If  3-in  pUnks  are  sufBdeiit  for  A 
nwf,  tbey  should  be,  also,  for  a  saw-tooth  roof;  and  with  a  good  circul* 
of  air  then  abouU  be  no  tiooUft  eicept  in  mt  roomi.   In  aucb  rooms  t^ 
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pni  to  be  oondensatioii,  whether  they  are  under  a  roof  or  under  the  floor 
|if  A  nom  abovei  unless  large  quantities  of  dry  air  are  discharged  into  them. 

'  (9)  Coat  Saw-iooih  rooss  necessarily  cost  more  than  flat  soon,  as 
ithoe  is  pnctically  the  same  amount  of  roohng  as  in  flat  roofs  and,  in  addition. 
Ilk  cost  of  windows,  glazing,  flashing,  conductors,  condensation-gutters  for 
4fHefr»*i  and  a  somewhat  laii^  cost  for  heatini;.  The  additional  cost  of  these 
ioDS  docs  not,  however,  birl|y  represent  the  comparative  cost,  as  there  should 
At  couaidered  the  total  cost  of  the  building  compared  with  that  of  an  ordinary 
pm  with  soffident^  high  stories  and  with  a  width  narrow  enough  to  -give  the 
ipequiied  light.  When  this  is  done  the  slight  additional  cost  is  far  outweighed 
hf  the  advantages  gained  for  work  requiring  very  good  light. 

I 

I  f.  Mill-Constmction  as  Applied  to  Warehouses 

'Cost  Owing  to  the  increasing  cost  of  heavy  timbers  for  wooden  construc- 
BDB,  to  the  lower  cost  of  the  so<aUed  fis^proof  coNSTRUcnoN,  and  also  to  the 
leUcr  FiXE-KESiSTiKG  qualities  of  the  latter,  owners,  architects  and  builders 
mid  carefoliy  compare  the  cost  of  construction,  and  also  the  cost  of  insur- 
iBceof  the  two  tjipes,  before  deciding  on  the  one  to  be  used.  The  difference  in 
be  cost  of  construction  between  these  two  types  is  so  small,  that  in  many  local- 
kies  the  lower  cost  will  be  in  favor  of  the  reinforced  concrete  or  other  type 
tf  niE-FROOF  coNSTRUcnoN.  The  cost  of  construction  is  also  in  favor  of  the 
taiE-PiooF  TYPE,  where  both  long  spans  and  strength  are  required. 

nnber-SpAciJig  for  SprinUers.  Warehouses  of  laix-coNSTRncnoN 
prndd  be  built  so  as  to  allow  the  best  possible  distribution  of  water  from  auto- 
|KBC  SFRnoKLERS,  wlth  the  least  possible  obstructions,  and  floor-timbers, 
^oefoce,  should  be  as  few  as  the  floor-loads  will  allow.  There  should  be  no 
■Hrralfd  spaces  of  any  kind  in  the  building.  To  insure  the  greatest  efficiency 
■r^rinUer-systems,  it  is  better  to  adapt  the  timber-spacing  to  suit  the  sprink- 
fa,  lather  than  to  arrange  the  ^rinklers  to  suit  the  timber-spacing. 

\  MSI-Constniction  Adapted  to  Warehouses.    The  features  of  bad  con^ 

K  mentioned  under  What  Mili^Construction  is  Not  are  as  objec* 
in  warehouses  as  in  factories,  while  the  construction  advocated  for 
may  be  used  with  almost  equal  advantage  in  the  erection  of  warehouses. 
as  the  latter  are  usuaUy  erected  in  the  more  thickly  settled  portions  of  a 
they  are  more  subject  to  the  dangers  of  a  conflagration;  and  it  should  be 
that  even  the  best  slow-burning  construction  will  stand  but  a 
time  after  a  Are  has  obtained  a  good  headway,  the  main  object  of  mill- 
:oN  being  to  retard  the  spreading  of  flre  by  the  use  of  heavy  timbers 
the  absence  of  concealed  spaces.    In  applying  the  principles  of  hill< 
DCTION  to  warehouses,  therefore,  the  general  prindple  of  using  large 
placed  as  far  apart  as  the  loads  will  permit,  and  of  avoiding  all  concealed 
should  be  constantly  kept  in  mind. 

fWsielumsa-Flooirs,  however,  are  generally  required  to  sustain  heavier  loads 
are  found  in  woolen  and  cotton-mills,  and  hence  require  heavier  con- 
While  WAREHOUSE-FLOORS  are  quite  often  built  with  transverse 
8  or  ID  ft  apart,  the  spaces  being  spanned  by  flooring  from  4  to  6  in  thick, 
more  common  method  of  construction  is  to  use  one  or  more  lines  of  longitu- 
giiders  supporting  floor-beams  spaced  as  far  apart  as  possible,  preferably 
less  than  8  ft  on  centers. 

mad  Height.    The  area  of  buildings  of  this  type  should  be,  preferably, 
7  500  sq  ft,  and  in  no  case  should  it  exceed  15  000  sq  ft  between  fire-walls. 
ftiiMiwgB  of  LARGE  AREA  are  required,  it  is  advisable  to  divide  them  into 
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1  the  I 


Wh 


grouod  it  available,  it  a  ijetter  to  have  a  building  of  laice  ai 

HEIGHT  divided  into  Sre-aectiona,  t^an  to  have  a  building  of  u 

GKEATEH  HzicHT.  Bi  the  fonacr  coDstmctioa  aSordi  a  . 

o[  sood].  and  less  coacentiation  of  valuei.    Buildings  of  tbis  type  ■hoold 

limited  to  Gj  ft  in  height,  and  to  six  itoriiB,  thus  discoiuagins  the  oveikardi 

of  floors.    Piled  goods  ihonld  be  kept  at  least  i8  in  away  from  beano,  tb 

allowiog  (or  the  distiibuttoo  of  water  from  the  sprinldecs. 

Wallt  should  be  of  brick,  and  not  less  than  13  in  thick  in  the  upper  sto 
and  they  should  be  inoeased  in  thickness  an  tlie  lower  floocs  to  take  care 
additional  loads.  Pakty  walls  should  be  iacreased  at  lea^t  4  iVi  in  thicline 
and  all  walls  should  be  Uid  in  ceoieot  mortat,  sboold  eitend  above  the  n 
at  least  36  in  and  be  coped  with  Uone,  salt-giaud  tena-cotta.  01  similar  ix 
combustible  materials.  Ofehihcb  in  mviBioN  walls  should  be  limited  ta 
few  as  posmble.  not  over  three  in  each  stocy,  th^  Bhoold  not  exceed  80  tq 
each  in  area,  and  should  be  protected  by  double,  automatic,  sUdiog  &r;p<kio 
as  specified  ohewhere.     (Sec  Chapter  XXUI,  page  907.) 


Fi(.  Id.    Tower  Rrt  acape.    Oulnde-bikooy  EaCrance 


Openinga  In  Wallt.  As  a  prolectiou  ag 
etties.  OPEHINCS  in  oittek  waus  should  be  t 
and  protected  by  standard  fire-shutters  a 
windows.  If  the  surrounding  buildings  are  1 
conilruction,  and  the  distance  between  the  1 


inst  fires  from  surrounding  fie 
nail,  limited  to  as  few  as  posd 
d  doors,  or  standard  wire^ 
F  hazardous  occupancy  or  infa 
irehouse  and  the  latter  but  a' 
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kt  {ram  other  buildings,  the  proCectton  a£  wiNDOw-omoKOS  maj  pravent 
Ik^Rtd  of  fice  from  stoiy  to  story  through  the  windows. 

Gifden  aad  Beams  which  support  the  floors  and  roof  should  be  single 
IBCES,  not  less  than  6  in  in  least  dimension,  and  with  a  sectional  area  of  not 
kstfaui  72  sq  in;  while  columns  should  be  not  leas  than  8  by  8  in  in  cross- 
Kliaa  in  the  upper  story,  and  should  be  increased  in  size  in  the  other  stories 
li  Uke  care  of  any  additional  loads.  The  beams  and  girders  should  be  selt- 
■lEASDiG  (Fig.  2),  and  the  floors  should  be  built  as  outlined  under  standard 
Bi'CONSTRUCTiON,  page  760,  inclined  at  least  i  in  in  20  ft,  made  as  nearly 
MeriKoof  as  possible,  and  scuppered  to  the  outside  of  the  building.  These 
isappas  should  be  set  in  brick-woric  at  frequent  intervals,  of  sufficient  size  to 
j^r  off  the  maifiimim  amount  of  water  from  each  floor,  and  so  constructed 
|tt  tbey  will  prevent  the  admission  of  cold  air  to  the  building.    (See  Fig.  11.) 

'  Tnms.  The  floors  should  be  continuous  from  wall  to  wall,  avoiding  holes 
k  bdts,  stairways,  elevaton,  etc.  All  such  openings  should  be  enclosed  in  a 
^KX  lowEK  or  in  toweks  extending  not  less  than  36  in  above  the  roof,  coped 
iabove,  aod  accessible  from  each  stoxy  by  means  of  an  outside  balcony  (Fig.  19) . 


I 

Interior  of  ^ 
Building 


Opening*  (n  fao*-w»ll  extend 
from  floor  to  coiling,  Veetlbnle-floor 
of  flre-proo(  eoaetmotion.  Railing  nt 
opoBing: 

Fig.  20.    Tower  Fire-escape  for  Adjoiniog  Buildings 

-  it  is  unposiible,  owing  to  the  location  or  otherwise,  to  have  these  open- 
on  the  outside,  they  should  be  placed  in  brick  toweks  constructed  inside 
buldiog  and  connecting  with  aa  entrance  to  a  fire-proof  vestibule,  open  to 

There  should  be  openings  from  each  story  to  the  vestibule,  each 
by  standard  fire-doors  (Fig.  20). 
_,  Taaki  for  Aotoaiatic  Spfinklera  are  usually  placed  on  extensions 

-  towers,  and  they  should  be  built  to  carry  the  additional  load  imposed. 
accos  to  the  roof  of  the  building  may  be  had  from  a  window  or  windows 

in  the  toircr,  and  sudi  opening  or  openings  should  be  protected  by  fire- 
especially  where  the  tower  is  elevated  a  sufficient  distance  to  allow 
-  to  be  placed  tndde  of  the  Cower,  thus  preventing  flames  from  gaining 
to  the  tower  and  destroying  the  tank  and  tank-4upports. 


Itaak 
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Boilen  ihould  be,  prdnably,  in  a,  sepante  buUdiag,  cut  oS  by  stanll 
fire-doon  from  tbe  vareiiouw;  or,  if  in  the  main  building,  should  be  located 
a  room  of  tibe-pboof  consibuction,  acceas  to  which  ilKiuld  be  fcvm  onti 
the  building  only. 

Stractnnd  Steel  Hamtiu'i  sfaouldneverbeusedin  this  type  of  conatmctl 
•s  they  will  not  redst  even  a  modeiate  fire.  If  used,  they  should  be  pratR: 
with  fire-proof  material.    Tbe  Unteli  should  be  brick  ardies  and  not  s 


I*.   Sted  and  Iron  Strsctiiral  Membert  In  Tuwlunus-Coiwtriictti 

MMal  Twmi  Woodaa  Standard  Mambara.    Owing  [a  the  fact  th* 

beam  or  coiumn  of  steel  or  wbouchi:  ieoh  when  heated  will  fail  by  buckl 
or  bending  very  much  sooner  than  an  equivalent  beam  or  post  of  WO0i>,  1 
important  that  such  members  be  of  wood,  provided  that  the  wooden  be< 
have  a  sectional  area  of  at  least  71  sqin,  and  annot^ess  thanS  in  in  least  dia 
Hon,  and  that  wooden  colouhs  have  a  sectional  ana  of  not  less  than  8  by  i 
Cast-ikon  colohns,  also,  will  generally  fail  in  fire  and  water  soonc  t 
wooden  columns. 

Fireproeflng  Steal  Beami  and  Girderi.    Wlien  steel  beahs  and  ( 
UUNS  ale  used,  fireproo&ng  is  necessary  to  make  them  as  fib£-besiStikc 
______  ——^—-^     the  floors.     Such  be 

■      ■^'    '■;>  j ■■■■-     and  girders  may  ben 

21.     Metal- wire     n 
should     be      placed 
**  shown,  and   tied   to 

beams  and  girdas  1 
metal  clips;  and 
insure  rigidity  duiinc 
pouring  of  tbe  tsM 
and  to  keep  the  mca 
atignment,  torms  di 
be  used.  The  toac 
should  be  poured  bi 


ng.  21.    rifeprooGDi  ol  Steel  Beam  with  Coocme  and   t""  ^™"  "^   •»''!■ 
Plaster  alter  the  wooden  be 

are  in  position.  A 
completion,  the  iosulation  should  be  at  least  i  in  at  the  edSEs  ot 
flanges,  i  in  under  the  lower  Bange  of  the  beam  and  i  in  under  the  lower  Bi 
of  the  girder.  The  webs  should  be  filled  solid.  Where  there  u  little  Mo 
of  a  combustible  uituie  in  the  building,  the  beams  may  be  protected  as  A 
in  Fig.  22.    (See.  also,  pages  S^j  to  SSfiJ 

Flreprooflng  Metal  Colinniii.  Columke,  either  gtiel,  waoccar-ii 
or  CAST-iBON,  should  be  protected  even  to  a  greater  extent  than  girden  and  ha 
and  should  have  at  least  3  in  ol  con<iete  at  the  flanges,  at  least  ihi  in  al 
edges,  and  be  filled  solidly  agamst  ttie  webs.  Fig.  23  shows  two  cciitmBa  proU 
by  concrete  held  hy  wire  mesh  on  ^Wn  rods,  and  all  securely  held  to  **w  oak 
by  metal  cUps.  Forms  should  be  used  and  the  concrete  ibould  be  pcnuv 
the  girders  and  beams  are  protected.  Steel  beams,  girders  and  coluimM 
difficult  to  |Ht>tect.  especially  at  the  intersections  of  steel  and  wood.  «»w<' 
inwlatiog  material  can  best  be  applied  before  the  floom  are  laid.  The' 
proofing  of  these  numbers  will  be  of  little  avail,  tmleas  the  materials  aie  g 
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bed  CO  the  meUl  meaibai,  md  tptIM  by  wodunen  who  undcntand  ludl 


tU-  n.    Firepnnfiiic  of  Stcd  Bom  flitb  HetBl-l>tb  iml  PIuKi 


;  StMl  ColumM  with  CoOCTrte  and  Fluter 


24  flloitxatea  the  fkotection  or  a  kound 
ibe  concrete  is  held  in  poaitian 
re  Dwsh  OQ  melal  furring,  lield 
BtuHi  by  meul  d[pa  or  ties. 
Rproo&ns  should  be  it  least  4 
^  aod  f  amo  ibould  be  Died  in 
ading  the  columns.    In  addition 

above  retnfonements  tar  these 
BS,  later^  reijiforcemait  abould 
led  bj  meaiu  nl  icon  rods  wound 
r  aroiDid  mah,  and  ptaced  ii  in 
Ken-  After  Ibe  fomui  are  re- 
.  »■"<  the  wooden  Boors  are  tud,  p^.  u_ 
lunms  u>d  girden  ibould  be 
1  with  >  i-in  thidcneis  of  hard 
,  GUiiic  all  intenticM  betweca  the  woodwMk 


ifing  of  Cul-inm  Column. 
Krete  tad  Pluler 
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owing  to  the  difficulty  of  propaly  bonding  <t.  !■  not  «^  effective  as  cmKnl 
but  if  securely  bouiled  by  meuu  of  metaJ,  it  is  quite  satisfactory-  Tig.  1 
illustrates  the  photection  or  a  oaoKa  and  a  coldmh  by  means  of  tile.  The 
are  other  equally  efficieot  methods  ol  beam  and  (slumn-proteOion,  dcscrib) 
in  Ctiapter  XXIIl.    In  btiildiiigs  of  wuehouse-cpDstmction,  heavy  goods  a 


tWM^Fl 
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handled,  and  it  may  be  advisable  to  inx>t(ct  the  base  of  each  column  with  &bc 
metal  to  a  height  ol  36  in  above  the  floor,  to  prevent  any  weakening  of  the  & 
proofing.    [See,  also,  pages  81a  to  S37,  Figs.  I  la  13.) 

IHpei  for  Gu,  Water,  etc,  should  not  be  enclosed  in  column  or  giid 

insulation.     (S«^  also,  page  Sn.) 


C^tunn,  Girder  and  JoM-Framlnt.  Fig.  26  illustrates  the  method 
carrying  the  girders  from  tiie  walls,  poats,  etc.,  the  bottom  post  mling  on  a  st 
fOST-BASE.  The  first  floor  above  the  basement  is  shown  with  ion^tvulB 
giideia  only,  and  hoavy  miU-Boorinx  *et  on  them.  The  girdaM  aie  fiaiftaJ 
the  post  in  a  steel  fosi-cap,  aitd  are  hung  dear  of  the  wall  in  an  apf«a< 
steel  WAUrBANGBi.  The  next  floor  above  shows  the  coniUiCtlaa  in  wMck  I 
jiMsts  are  framed  into  the  girders  by  means  of  joibt-haNou.  The  tmti 
at  tbe  post,  also,  is  done  by  meatis  of  a  Durcex  fodi-«av  tost^cat,  wMla  t 
girdci  is  built  into  the  wall  in  a  D\Tnxx  WAU.«(M.  Tbe  ^iBT-dA>K;aas  t 
used  ^ngly  or  opposite  each  other  as  required  and  are  bolted  to  tbe  ^rd 
thus  tying  tbe  building  laterally.  Ttu  upper  floor  ahowa  tbe  iotas  rcMfag 
tlie  girder.  This  construction,  however,  does  not  conloRn  to  strict  M 
DN,  as  it  exposes  a  larger  amount  of  timber^nrface.  T1m>  M 
lit  into  the  wall  and  resting'  on  a  WAUr-njin.  This  diaCHbatMl 
le  masonry  but  is  not  as  effective  in  prevoMlng  diT^Ot  as  fba  WC 


Steel  mat  H>UmW*4Mii  Peit-Capi  tad  &iMM.    V\g.  27  ifrnsfraia  ol 

details  of  coostructioo  which  may  be  used.    The  boftOtH  pott  tttts  on  «  at 
nM«ASE.    Tbe  vjwi-am  sbowa  on  flur  bbttom  poat  b  a  iyorUX  wmim^ 


StructunJ  Details  of  MiU-Ooostructioii 


7SS 


ff-CAP,  while  the  vor-cap  above  it  k  one  o<  the  malkable-iron  typc^ 
by  the  Natkuul  fioftid  of  Fire  Uodflrwriten.  The  po»t-cap  sbowA 
ip^  iko,  it  d  malkftble  iron  and  intended  for  lighter  conBtruction  or 
5  which  run  aoKW  the  post  as  shown.  The  girders  in  every  case  are 
ear  of  the  wall  by  means  of  approved  waxx^ahoers  and  the  bcama 
j  by  the  girders  in  malleable-iron  joist-hangexs. 


II.JIMHIIIimillH»pWi^iMBM 
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MDl-coiistructioD.    Column,  Girder  and  Jobt-framing 

B  ftB4  Bu0«.    fk-  28  illustrates  other  details  of  ood' 

post  rests  on  a  heavy,  cast-iron,  ribbed  post-base. 

aze  canied  at  the  post  by  means  of  heavy,  cast^fon 

built  into  the  wal  lo  ca8t4n>a  waix-boxbs.    When  cast 

it  Is  essential  that  It  be  made  extra-heavy,  as  cast 

sin  on  account  of  the  uneves  shrinkage  when  coolbg,  which 
si  stresfiBS  aad  weaheos  the  espa*   Fhnssr  atao,  juqr  dev^dfip 
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daring  tbe  muufadure  which  wuken  the  caps  uicl  gnatly  impair  the  mi 
of  the  buikUng.  An  objectioo  to  out  iron  is  its  tendency  to  crmck  uid  M 
during  ■  fire  when  cohi  water  is  thrown  on  it.  Tbe  fost-cafs  shown  in  Fig. 
are  of  out  iron  for  the  fiist  and  secnnd  floors.  Duplet  stad  for  the  thitd  flc 
and  malleable  iron  an  the  top  post. 


Fig.  27.    MiU-axutiuctiaD.    UiUable-icon  FoM-fatK  ud  Baaet 

Duplai,  Camblnatiail  Pott-Cait.  Fig.  29  illustrates  the  use  of  tbe  DnM 
coKBiHATiON  rost-cAP  oD  the  bottom  post.  This  cap  is  made  with  a  nndkd 
icon  lower  put  and  a  gted  upper  part.  The  POST-CAP  iboWD  HO  the  sM 
post  is  called  the  Ideal  fosi-caf  and  consisls  of  a  steel  upper  part  with  4 
W|le«  tivMed  tuuJeroMth  to  ht  the  post.    The  cap  shown  oo  the  top  f 


F!g.2S.    Hin-co 


,■!••)  Poat-Cap*.    Fig.  ao  illustntes  various  forms  of  suci  r 

■  It«*L»Ci«T-CAPissliciwimi  the  bottom  post  and  theVABDoBNPO.. 

■  pM  next  ^nve.     On  the  top-poM  the  &ia«  pobi-cap  is  shown.     This  has 
H  Id*  which  the  top  of  the  pwt  mint  be  slotted  to  receive  it.    Steel  joisr- 
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HANQEis  be  ibown  for  the  turo  lower  floors.  The  Ideal  jofer-HANicEB 
illustrated  in  the  lower  floor.  It  is  spUied  to  the  aides  tad  top  of  the  gird 
The  Van  Dokn  joist-bahceb  is  shown  in  tlie  second  Soor,  while  the  old-st; 
BTUBUP  is  shown  in  the  top  floor.  The  walL'Sahoees  illiutnted  ue  a[  t 
approved  type. 


Fig.  n.    Uill-coaKmctkn.     Combiutioa  Pdit^lipt.  etc. 

Pnmiiil  Sted  Bumi  uid  Oiid«ra.  Fig.  31  illustnto  the  use  of  I-M 
CIU>ERS  in  place  of  wooDCN  otiders  and  tbdi  amnecCiona  with  wooden  bc^ 
Id  this  kind  of  coostructioa  it  is  necessary  to  fireproof  the  steel  bcuns,  aa  ^ 
■re  more  readily  afiected  hy  beat  in  case  oi  fire  than  luge  wooden  tioM 
Intense  heat  often  causes  them  to  collapse  and  luin  a  bmlding.    The  BAM 


Slnictuial  Details  of  MiU-Canstructtoii 


ftn  b  the  Gnt  floor  ii  used  where  the  I  besnu  and  wooden  beams  aie  of  the 
^bdiht.  TbU  OAHGU  pTDvfdet  ■□  eitra  bearing  for  the  timber  and  has 
knd  vei7  utisfactoiy.  The  hanceb  shown  In  the  second  floor  [i  used  when 
I B  DEcessaiy  to  raise  the  wooden  beam  above  the  lower  flamge  of  the  Eteel 
Bm.    This  HANCEK  brings  all  the  lo^  on  the  lower  flange  of  the  I  beam  and 


Fig.  30.    UiU-cosiliuctica.    Sled  Po>l-Ga;K.  etc 

kides  an  anchorage  for  the  wooden  beam.  It  Is  used  singly  or  in  pairs  on 
11  beam  IS  required,  and  is  bolted  through  the  web  of  the  I  beam.  Thic  has 
m  liwDd  to  tie  a  very  economical  and  efficient  akostruction.  In  the  third 
W  the  w«>den  beam  is  shown  framed  to  the  1  beam  bv  means  of  a  sBtLr- 
hu.    VITitb  this  form  ol  coiutructim)  it  is  n 
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Fi^.  a.    UiU-cocutfUCtioa.    Framing  Steel  Boith  ud  Ginlcn 

ANCiE  to  [he  ireb  □[  (he  I  beam.  The  upper  detail  showj  the  old-tostuoi 
STiKiup  passing  over  the  top  Btnge  of  (he  I  beam  and  carrying  the  mmi 
beam.  Tbe  post-caps  shown  ire  the  Duplex  steel  f 
approved  by  the  National  Board  of  Fire  Underwriters. 


CcoMCtHUi  of  FlooT-Beuiii  and  Gltden  789 

U.  CMin«ctleiu  ot  noor-Bcasa  ami  Olrdwa 

V-Saafmn  and  Jcdat-Haniers^  To  noder  the  constnictioii,  and 

uiy  the  srden.  su)W-BC1NIMc.  it  is  importanl  to  have  no  hollow  space* 

a  the  top  of  the  ginlen  uid  the  flooring,  that  U,  to  have  the  top  surface 

of  the  flooi-bcaiiu  flush 

with  that  of  the  girde n. 

.   This,  ot  c 

^  siutes     InmiDg     the 

'       ~        a    inlo    the 

For      HEAVY 

the  only 
kind  at   framing  that 


Fig.H.    FnminilBaa 
.      _i        ind  Waodeo  Bsun  of 

1    used.    The      game  Depth 

1   the  Duricet 

Bi  been  flhutrated  and  commenled  on  in  the  last  part  of  Chapter  XXI. 
Ikn  Ilie  flooT-beuns  are  6  by  ii  in  or  larger  in  cross-section,  ami  the  girdera 
I  d  ■Dod,  the  author  itould  give  Che  piefereace  to  the  Duplex  bancbb 
«m  in  Fig.  32.     (See,  also,  pages  751  and  753.) 

I  mzuKEAM  cnmas  are  used  in  place  ot  woodeh  gudeis,  there  are 
no]  method!  in  use  for 
kang  the  wooden  beams. 
1 33  shows  a  steel  I  beam, 
i  I  WDodeD  beam  of  the 
■t  depth  fnuned  into  it 
i  mdng  on  its  lower  flange. 
■Bit  case*,  however,  this 
ts  Dol  afiord  a  sufficient 
tiiig  for  Che  wooden  beam. 


aed  to  the  web  of  the  I 
■L  niKneveT  tbis  method 
npporting  the  beams  is 
if  *'~*ig**  boles  or  rivets 
iU  be  used  to  support  the 
1  catrietl  by  the  shelt- 
us.  Each  Vt-ia  bolt  may  ■ 
Mutdened  to  support  3  <xo  rif.  U.  WoodEn  Beam  Fnmed  to  I  Beun  with 
n  each  aide  of  the  girder,  SbcU-ugle 

leHJi  TV-in  bolt,  4000  lb. 

inetbods  shown  10  Firs.  36  and  30  ue  sometimes  used,  but  are  open  to 
Ktioo  on  account  of  the  weakening  of  the  wooden  beams  when  loaded. 
37   diowi  a  axutxcr-nre  of  luutgei.    This  construction  permits  tht 
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Fif.  U.    Weodu  Beam  Fnmed  t*  I  Bam  with  t>ujilei  Boi.tu 


ConncctioDS  of  Floo^fsuns  ftod  QirdeiB  70X 

am  of  the  malcii  bao  U  any  dodred  height,  aad  haa  proved  utiattctoty. 
z  liu«a«  can  be  uwd  with  utr  <teptta  of  btmm  or  girder,  and  are  furniibed 
■3  numfuturen  of  iMel  jonr-Biuioeia  of  the  vuioua  types,  u  »dl  as  by 
hitqiiitW  who  OS  nuke  wxoooBl-oKiH  STiuuFS.  Fig,  38  ihowi  the  Do- 
Ei-nn  or  bamgek  for  fmniiis  >  wooden  beam  flush  with  the  knrer  flange 
Ike  I  hcaMi.    This  banser  ii  attachvl  by  meuu  of  bolti.    Fig.  30  ibows 
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ime  desiKTi  of  oangek,  with  the  sfiEiT-COtnTSUCTIOH  used  to  carcy 
TOdm  beanu  up  to  4  in  above  ttie  lower  flange  of  the  I  beam.  Fig. 
ows  a  BAXOES  for  canying  the  wooden  beam)  4  in  ot  more  above  the 
tbnge  of  the  I  beam. 

:  OANGEKS  described  in  Figs.  38,  S9  and  40  a[«  all  of  the  DuPi£X  TyfB, 
re  30  coiBtructsd  that  all  tlw  load  u  carried  on  the  lower  flange  of  the 


'  Fis.  42.    Floor-lruniiig  with  Diiplei  Hangcn  aad  Foal  .caps 

■•1,  wlucb  is  a  very  satisfactory  mid  ideal  conslruclion  wheneier  it  is 
■siy  to  frame  wooden  beams  into  and  not  rest  them  on  the  I  beams.  The 
P  it  a  very  ecooomical  one  for  framing  wooden  beams  (o  I  beams,  ss  the 
livsluchfaig  tbeaeKURwaaonbepuDcbed  while  the  sted  is  being  fsbri' 
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c>lcd,uid  the  HANGEBS  are  attached  to  tbettcdbeuns  by  nuaniof  boln* 
the  mwden  beams  are  put  in  place.  These  aurocis  an  provided  with  i 
or  lag-sdem  for  anchotiog  the  wcxideD  beaou  lecurely  to  the  ated  pr 
Fit-  41  shows  ■  floor-framing  with  the  Van  Dtax  steei,  sAHGcms.  Fie- 
ihows  the  floor  framed  with  the  Duplex  me  or  sangeb  and  poGT-caP. 
same  principle  of  conilxuction  is  applicable  to  larger  woodea  beaau  qx 
farther  apait. 

11.  Vall-Sapporta  and  Anchon  for  Joiat*  and  GirdBTi 
Box  AnchoTi,  Wall-Hansen,  ate.  Anchoiing.  In  ■  nrebouae  into 
to  be  coDStructed  on  the  SLOW-BUunNC  pawctPLE,  the  tloor-bcams  and  gir 
should  be  anchored 
and  nqiporled  br 
walls  ID  such  a  way  ' 
in  case  the  beams 
bumed  through,  tbe  i 
may  fall  without  inju 
the  walls:  and  w' 
large  timbers  aic  ii 
Ixtjvisiaa should  ben 
against  tbe  possibiht 


method  of  supponini 


HON  aa  origjnally 
veloped  in  tbeKew] 
land  mills    is   sbowi 

Hg.U.  Eaity  F(nndBcani4uppoituiUiIt««Miiiction  Fig.  43.  This  full 
the  nquirenunts  al 

meutioaed,  but  it  weakened  the  waQs  to  some  extent.    Tbe  Goeiz  casi-i 


Fig.  M.    Goeti  Boi  Anchor  loi  Woodni 


WaD-Suppoits  and  Andion  tor  JoItU  and  Girders 
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Hd  ill  the  advaoUgCS  of  tbe  Utter  without  wokeains  the  nlli.  unless  the 

n  Imipi  ue  veiy  wide.    The   wjul-box  as  shown  in  Fig.  47  [>  mode 

I  culkable-iroo  bottotn  pUte  and  a  iteel  box  above.     It  faas  a  rib 

e  plUe  at  the  back,  which  extends  up  and  dawn,  and  acta  as  a  secure 

dnnfe  in   the   brickwoik.    Thoe   wau^boxes  are  made   wedge-ahap^ 


t  oi  the  wooden 
foe  each  beam. 
is  protected  by 


Fig.  it.    Goeu  Boi  Anchor  (or  Woodra  Oirden 

It  aalt  is  not  even  weakened  by  the  space  left  in  it,  because  the 
Hau.  aod  the  cnidiiilg  itrengtb  of  this  cast-ikon  box  is  much  i^reater  t 
■■  oi  the  wall.     No  break  or  breach  is  made  in  the  wall,  and  the  box  I 
bini,  securely  held,  lorms  a  space  for  the  easy  letAtc 
l>.    The  boa  provida  a  perfect  and  Mcura  fouodi 
■  iram  a  defective  flue  cannot  ignite  a  beam-end.  beca 

L  .  a    ventilated,    cast-ikon    box.     The 

^^\  WAU,-B0XE3  have  air-spaces,  alio,  tn 

^^       I  the  sidea,  S  in  wide,  which  permit  a 

^~~^~^^^  drcidation  of  air  around  the  ends  o( 

the  beams,  effectuaiiy  preventing  dry 

II  timber  is  wet  or  unseasoned 

these  waii-boies  allow  it  to  dry  out 

after  it  is  put  in  the  building.     The 

avera^   weight  of    a   box   like   that 

shown  in    Fig.   45,    for   i   by    lain 

joists,  is  lo  lb. 


■a.    Duplex  Wan-box  with  Ribbed  Plate    different   way   is  the   WALL-HaHGEi. 

Figs.  48  and  49  show  Dltlcx  WAtx- 
PUisforlarKe  timbers.  The  hanger  shown  in  Fig.  4Q  is  made  of  open-hearth 
laad  is  eitia-heavy.  Each  of  these  hangers  is  provided  with  a  plate  which  has 
(ia  beaiinK  on  the  wall,  and  the  bearing  of  the  timbers  on  the  hanger  is  also 
L  For  beains  not  exceeding  lo  in  in  breadth  there  is  probably  little  choica 
ftOL  the  BOX  ANCSOB,  Fig.  46.  and  the  wall-bangebs.  Figs.  4H  and  49, 
n  pertkaps  in  the  price  and  appearance.  When  the  w*i.i.-hancek  is  used, 
ue  is  Ut  in  the  wall,  and  a  saving  of  6  in  in  the  length  of  the  beams  ia 
Med.  wfaicb  in  lone  cases  wouid  be  a  consideration.  For  girders  ii  by  14  in 
'^nards  in  cnias-section,  the  author  beheves  that  the  banger  shown  in 
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Fig.  49  is  preferable  to  the  box  amcsob.    WaUtBAMGBSS  made  from  sxirM 
should  not  be  lued  for  heavy  beams.    The  use  of  any  one  of  the  hangers 


Fig.  48.    Duplex  Wall-hanger  for  Large 
Wooden  Girder 


Fig.  49.    Duplex  Extra-heavy   W^ 
hanger  for  Large  Wooden  Gktiel 


boxes  is  obviously  greatly  superior  to  the  ordinary  method  of  ancborins  ben 
or  girders  to  walls,  and  the  use  of  such  hangers  will  undoubtedly  save  much-l 
which  would  be  caused  by  the  falling  of  the  walls.    These  are  almost  invaoaJ 


Fig.  50.    Application  of  Wall-hanger  to  Bikk  Wall 

pulled  down  by  the  ordinasy  iron  anchors  when  the  beams  falL     Fig. 
shows  the  appticadon  of  a  wall-hanger. 

14.  Weakness  of  Wrought-Iron  Stirruf  s  when  Exposed  to  Tire 

Stirrups  and  Fire-Tests.  Referring  to  this  subject,  Professor  J.  B.  Johm 
of  Washington  University,  said:  "  The  recent  fire-tests  of  steel  stixkups  i 
brick  walls  which  were  made  under  my  supervision  in  this  city  (St.  Lov 
show  very  conclusively  that  improtected  stirrups  are  extremely  dangem 
These  stirrups  become  red-hot  in  a  few  minutes  and  then  rapidly  char  i 
bum  away  the  ends  of  the  beams;  and  they  also  bend  down,  so  that  in  li 
twenty  to  thirty  minutes  after  the  fire  reaches  the  stirrups,  the  beam  is  drop 
right  oat  of  the  twisted  steel  by  the  straightening  out  of  this  bend  or  twist.** 

The  Duplex  Hangers  possess  an  advantage  over  steel  stirrups  bccai 
being  of  malleable  iron,  they  are  not  as  quickly  affected  by  heat,  there 
no  twists  or  bends  to  straighten,  and  the  bearing  in  the  trimmer  or  header  i 
a  great  degree  protected  by  the  form  of  construction.  During  the  ocvcre 
at  Paterson,  N.  J.,  February  9,  1902,  some  Duplex  wall-hangers  were  j 
jected  to  a  most  severe  test  without  apparent  injury.  It  is  undoubtedly  di 
able  that  all  structural  iron  should  be  protected  from  fire,  but  it  is 
practicable  to  eflFectively  protect  the  sriRRnPS  used  in  connection  with 
beams  without  going  to  a  greater  expense  than  the  character  of  the  coostme 
varrants. 
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15.  Post  and  Girder-Connectiona 

ifao  Cap-Plates,  Wooden  Bolsters,  etc.  Whenever  a  building  is  con- 
RKted  with  wooden  posts  extending  through  several  stories,  each  upper  post 
bold  rest  on  an  noN  cap-plati;  fitted  over  the  post  below,  and  never  on  a 
hdff  or  even  on  a  wooden  bojlstbi^.  A  bolstek  would  not  be  objectionable 
^  it  not  for  the  fact  that  the  pressure  under  the  post  is  generally  sufficient  to 
fk  the  fibers  of  any  kind  of  wood.  Then,  too,  there  is  always  some  settle- 
lot  due  from  shrinkage.  As  posts  are  used  expressly  for  the  support  of  beams 
tgirdefs,  the  ikon  caps  must,  of  course,  extend  sufficiently  beyond  the  upper 
into  afiord  aoaple  bearing  for  the  end  of  the  girder.  This  bearing  in  square 
^  should  be  equal  to  at  least  one-half  the  load  on  the  girder  divided  by  the 
|k  resistance  of  the  wood  to  crushing  across  the  grain,  as  g^ven  in  Table  IV, 

lample.  A  1 2  by  14-in  yellow  pine  girder  is  designated  to  support  a  possible 
^  of  38  000  lb.    What  bearing  should  it  have  at  the  ends? 

JktaSoa.  The  safe  resistance  given  for  long-leaf  yellow  pine  to  crushing  across 
^{Tun  is  350  lb  per  sq.  in.  One-half  the  load  on  the  girder  is  19  000  lb, 
d  beoce  the  bearing  area  should  be  19  000  divided  by  350  or  about  54  sq  in. 
I  the  breadth  of  the  beam  is  12  in  this  would  require  a  bearing  lengthwise 
Ihe  gilder  of  4H  in.  In  no  case  should  the  bearing  be  less  than  that  required 
tke  above  rule. 

li.  Fonn  and  Material  of  Post-Caps 

Ctst-lnm  ▼emus  Steel  Post-Caps.  Formerly  cast-iron  post-caps  were 
9d  for  the  framing  of  the  girders  at  the  columns  and  posts.  But  the  uncer- 
tty  attached  to  the  use  of  cast  iron,  and  the  necessity  of  extremely  heavy 
p  to  assure  safe  construction  have  led  most  engineers  to  specify  steel  post- 
Is^  as  they  are  unquestionably  the  strongest  form  of  construction  for  fram- 
fposts  and  girders.  The  use  of  steel  post-caps  is  to  be  recommended,  there 
i  no  uncertainty  regarding  the  strength  of  steel  as  there  is  concerning  the 
l^lgth  of  cast  iron  used  for  post-cap  construction.  Internal  stresses  due  to 
ttm  axding  may  seriously  affect  the  strength  of  a  cast-iron  cap,  while  a 
aytombed  casting  may  be  used,  undetected,  and  affect  the  safe  carrying 
sdty;  so  that  failure  of  the  cap  may  occur  even  from  the  vibration  due  to 
tBiadiiiiery  in  the  building. 

put-Iitm  Post-Caps  are  still  used  in  some  localities  and  a  few  of  the  com- 
|i  fofins  as  well  as  those  of  steel  post-caps  are  shown.  Fig.  51  shows  a 
S  which  is  frequently  used  for  light  construction.  Fig.  52  shows  a  similar 
[ior  a  cylindrical  post.  These  caps  i>ermit  the  use  of  girders  wider  than  the 
L  When  the  girders  and  floor-beams  are  in  place,  and  especially  when  the 
DBig  is  occupied,  there  is  no  danger  of  the  girders  or  posts  slipping  on 
phte;  In  fact  it  would  require  a  greater  force  to  move  them.  The  girders 
lid  be  tied  together  longitudinally  by  iron  straps  spiked  to  their  sides. 
Il^  persons^  however,  consider  it  important  in  a  building  of  slow-burning 
^OU^cnoN,  to  have  the  posts  tied  together  in  vertical  lines,  and  the  girders 
bed  in  such  a  way  that  they  will  be  self-releasing  without  pulling  dowa 
loits.  Figs.  53  and  54  show  two  post-caps  which  fulfill  these  requirements. 
\  these  caps  the  ends  of  the  girders  are  not  fastened  by  bolts  or  spikes,  but 
beld  in  place  and  tied  longitudinally  by  means  of  the  lug  L  on  the  Goetz 
[and  by  pins  on  the  Duvinage  cap;  so  that  in  case  the  girder  is  burned  to 
neaking  point,  it  can  fall  without  pulling  on  the  post.  Provision  is  also 
i  £or  bolting  tike  cap  to  the  upper  post.    The  author  doubts  very  much. 
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Fig.  Si.    Cut-in»  PoU-ap  for       Fiff.  M.    Cut-Iran  Port-tap  fw  Cylindriial  «'« 
Sqiun-fCctioa  Wooden  Poat  p^j^ 


Hi.  U.    Cut-lrm  Duviucs  Fa|-ap  with  Beun-p^ 


Fif,  H.    Cut-inw  GoeU  Poit-c^i  with  BcunJugi     Fi(.  it.    C*it-irod  Poat-a) 
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cr,  it  pots  bdud  togetber  in  this  way  wiD  itand  after  the  girders  have 
as  tbe  pbnking  will  be  likely  to  pull  the  posu  over,  even  if  Chey  do  Dot 
13  quickly  as  the~beaiiu.  Fig.  S6  shows  another  form  of  cast  cap  with 
idta,  aUowiiig  bg-«crews  to  b«  diiveo  in  the  holes  to  tie  the  girders. 


fc;::?r:i 


Fif.  U.    Steel  Pait-ap  with  Slde-plMes  and  BnufceM 


PosC-C*Pi  whidi  ii  approved  by  the  National  Board  of  Fire  Uoder- 
i  bears  tbcir  labe^  is  shown  in  Fig.  90.  Thi«  post-cat  is  made  up  of 
plates  Bjid  heavy  Bteel  brackets,  all  held  rigjdiy  together  by  nKsns 
tvy  bolts-    The  posts  and  girders  are  hstened  to  tbe  cap  by  means  of 
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^ 


Fit-  H-    SUd  Fau-ap.     One-WH'  Bcwn-oHuirac-      Fi(.  M.     Umlkabk-im  Pi 


Jlf.  U.    Stcd  P>at«w  bx  CyUndilal  Woodai  Pnt.    Poipstin 


pop 
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jog  the  ^rdtn  to  idsBse  thomdva  in  cue  oC  Git.  ^ 
nethad  the  entice  cwutnictiiiD  i>  tied  togethet  vcitiiallv  uul  Longitudinally, 
op,  181  account  at  iU  simple  desiso,  knda  itaell  readily  to  evoy  loim  of 

Typea  o*  Poit-Cap*.    Fi«.  57  illuslralea  one  posi-cap  in  which 

■idth  of  the  ^ider  ia  less  than  that  of  the  post  b«lo«,  and  also  another  fost- 


ri — tr 


UJ 


PLAN 
r«.  a.    steel  Fat-aff  for  Cyliodiical  Wooden  Pot.    Elevatioiu  aod  Flan 

Eia  which  the  wrdtli  of  the  girdet  is  greater  than  that  of  the  post  below.  In 
laltB-  lotiR-WAV  BBACKEiB  ate  riveted  to  the  aide-platea  to  provide  for  the 

C»AY  COMSIXUCIIOM.  Fig.  58  »llOW3  a  ONE-WAV  CONSTHUCTCO!!.  Kg.  60 
a  POET-CAP  wbidi  ia  used  when  it  is  required  to  run  a  post  through  two 
■IB.  Tlus  ia  what  is  known  as  a  COH- 
boCE  TOSi-cjit.  The  bracket  insteitd 
bang  node  clear  across  the  cap  U  [DBd« 
in  on  both  Eidei  and  &tled  into 
|«kltn  notched  into  the  post,  to  as 
IHake  >  more  rigid  consuuction.  Fig. 
jAovs  two  POET-CAPS  made  of  malksaUe 
k  rliich  xn  pcefeisble  to  mat-iron  caps 
by  win  Dot  break  ofi  in  caae  of  >  &te 
t^cold  water  comes  in  contact  with 
^  This  danger  is  present  when  CAST- 
^Kwr-CAPS  are  used.  Theokpsbowa 
kide  in  two  parts  so  that  it  will  fit 

biad  girders  of  different  siies.  This  p-  ^^^  Sted  Post-cap  for  Light  COd- 
i  aho.  is  approved  by  the  Board  ot  iimclion 

tViderwiitera.     Rg.  61  showsaCCM- 

knoH  POST-CAP,  the  upper  part  <^  wUch  is  tnade  of  steel  plate,  and  the 
^  [vt  of  DMUeabk  iron.  Figi.  63  and  63  show  nEEL  roai-caps  tbR 
^  POSTS.  They  arc  also  ffeqoently  used  lor  pipe-columns  and  concrete- 
C^atonns.  (See.  also.  Steel-Pipe  Colimms,  page  469  and  LaUy  Column^ 
ta  474  aod  477-}     f  ■£■  M  ibawi  a  sieel  post-cap  intended  for  U^tM 
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Fig.  65  ■horn  Vju*  Doin  fost-cafs.  Fig.  60  illustni 
Stab  post-cat  wblch  is  nude  of  a  bent  itcd  plate  wJtb  *  Sn  pnijectuii 
into  a  slot  in  tbe  post.    Both  ue  approvctl  by  tbe  Undcrwriten.    It  isne 
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to  slot  out  (he  post  in  order  to  insert  this  lin.    Post-caps  which  cm 
endrde  the  lop  ol  the  post  In  B  socket,  to  a  great  measurE  tend 
vent  the  twisting  eOect  of  the  post,  which  is  so  noticeable  when  tl 
•re  o(  wood.    There  is  on  cd 
to  the  use  of  the  FOUk-wav  r 
when  the  girders  are  of  wood. 
the  Qoor-beams  that  are  bus! 
girder  drop  a  distance  equal 
sbriDlcage  \a  the  irttder,  if  tb 
are  hung  in  stinups.  or  by  > 
tbis    amount    if    they    are    I 
DcPtex  HAHCEBS.     The  ba 
ported  on  the  Post-cap  cant 
'  at  all,  and  consequently  tbel 

be  higher  over  the  I>eain 
by  the  posts,  than  over 
mediate  beams.  In 
where   deep    benms    i 


Fif-M.    Slat  Slwl  PoM-cap  with  Fin         nearly  an' inch  and  « 

able.  Wherever  wooden  | 
tised  it  is,  therefore,  a  much  better  construction  to  support  all  of 
beams  from  the  girders,  In  which  case  the  shiinka^  will  be  uidfa 
Bted  girders  there  is  no  duinkage,  and  a  beam  may  be  placed  t 
posts  with  advantage. 

n.  Roofias-HitBrlali 

Warshoaia-Roott  are  almost  always  dal  and.  like  floors,  should 


DampD«M  Knd  Laak*.    Stored  goods  may  be  very  easily 
and  roofs,  tberefore.  should  be  of  such  conitmction  that  they 
Dcss,  dtber  through  leakage  or  coodeqsation.    While  roofs  arc 
flat  as  possible,  the  indlne  should  be  suffideot  to  drain  readily. 


wSTS 

adllyTS 
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bifcoaid  be  of  sufficient  capacity  to  quickly  drain  the  roof  of  a  maximum 

wot  of  water. 

h|  or  Tin  are  almost  exduavely  used  on  buildings  of  tliis  type^  although 
jblt  or  other  mastics  are  sometimes  used  with  good  results. 

Ikf  Roofs  should  be  constructed  generally  as  described  on  pages  1595 
1599 ud  should  be  not  less  than  5-ply,  with  the  maximum  amount  of  coating, 
k  jiahiogs  and  counterflashings  should  be  of  copper  or  heavily-coated  best 
l^p)ites. 

III  loof 8  should  be  laid  with  the  best  open>hearth,  palm-oil-process  teme- 
|Hk  hid  00  felt  or  other  suitable  material  which  wUi  avoid  condensation  and 
laiirMetardant. 

Rooftag  will  stand  hard  usage,  as  is  shown  by  its  oootinued  use  on 
i  of  vessels  and  steamers;  but  it  is  not  adapted  to  laige  buildings. 

)as  for  noodiag  Roofs.    When  warehouses  are  located  in  congested 

sorrounded  by  higher  buildings,  or  by  buildings  of  light  construction 

occupancy,  their  roofs  should  be  so  constructed  that  they  may  be 

daring  severe  fires  in  such  surrounding  buildings.    This  can  be  accom- 

by  osiog  good  roo6ng-materials,  making  high  flashings,  waterproofing 

i^ve  the  roof-line,  and  providing  roof-outlets  of  types  that  will  allow 

of  stoppers  at  the  scuppers.    (See  Fig.  11.) 

IS.  Pwtitloiis 

Partitions.    This  refers  only  to  those  light  walls  or  enclosures 

[feparate  rooms,  etc.,  and  not  to  those  walls  which  divide  the  building  into 

Pastitions,  as  here  defined,  bear  no  floor-loads.    Buildings  of  the 

foitKiNG  TYPE,  for  occupancies  described  above,  need  but  few  partitions, 

should  be  built  of  non-inflammable  materials,  preferably  metal  lath 

ter  on  light,  metal  studding.    All  cupboards,  dcsets,  lockers,  etc.,  in 

of  this  type  should  be  of  metal,  or  other  equally  non-inflammable 

If*  Doors  and  Shutters 

Tiiderwriters'  Specifications.    Doors  and  shutters  should  be  built  as 
in  the  Rules  and  Requirements  of  the  National  Board  of  Fire  Under- 
the  construction  and  installation  of  fire-doors  and  fire-shutters,  as 
itions  are  accepted  by  architects  and  builders  as  the  standard. 

should  be  limited  to  80  sq  ft,  or  leas,  each,  and  all  communica- 
buildings  or  sections  of  a  building  protected  with  double,  auto- 
doocB. 

I  2$.  Fira-Protection 

^tic  Sprinklers,  supplied  with  an  ample  quantity  of  water  at  a  good 

^are  needed  in  mills,  storehouses,  factories,  warehouses,  etc.,  where 

!  goods  are  made  or  stored,  or  where  large  values  are  at  stake.    They 

be  installed  in  buildings  of  any  type  of  construction  and  occupancy, 

effective  in  buildings  of  FUtE-paoor  or  iflLL-cONSTRUcrtori. 

idpipea,  with  outlets  in  each  story,  in  the  basement  and  on  the 

be  installed  at  points  readily  accessible  in  case  of  fire,  and  should 

aent  quantity  of  good  hose  attached  at  each  outlet. 

If  a  building  is  badly  exposed  to  other  buildings  of  inferior 
or  baxardous  occupancy,  a  Monitor-nozzle  of  large  size,  located 
is  advisable. 


S02  Wooden  Mill  and  Warehouse-Construction        Chap. 

Public  Water-Sopplies.    If  these  are  not  available,  a  private  fire-sei 

may  be  advisable. 

Competent  Sopervinon.  All  of  the  above  fire-pkotectiok  E(>i:xi>id 
should  be  installed  by  men  familiar  with  their  operation,  and  supervise 
competent  fire-proxectjon  enoxnecrs,  under  plans  approved  by  uodenvi 
having  jurisdiction. 

21.     Cost*  of  Mills  and  Factories  Built  on  the  Slow-Buminf  PriacJ 

Difficulty  of  Estimating  Costs  from  Tables.  The  cost  of  a  buildSo 
this  type  of  construction  depends  upon  the  cost  of  material  plus  the  cot 
labor,  and  as  the  cost  of  either  varies  greatly  in  different  localities  the  cm 
$inulariy  constructed  buildings  must  also  vary.  Even  if  the  cost  of  labor 
materials  does  not  vary,  the  cost  of  buildings  of  the  same  area  will  depend  ■ 
upon  the  height,  floor-loads,  distance  between  bearing-points,  design, 
it  is  difficult  to  deduce  a  table  accurate  enough  for  use  in  oomputine 
approximate  cost  of  buildings  per  square  foot  of  floor-areas.  One  fin 
architects  t  states:  "Experience  has  taught  us  that  estimating  the  caa 
a  building  either  by  the  square-foot  method  or  the  cubic-foot  mxi 
has  proved  dangerous  and  misleading,  and  it  was  abandoned  by  us  n 
years  ago  except  to  obtain  a  general  idea  of  the  cost  of  a  butldaog;. 
have  found  that  the  only  reliable  way  to  approximate  the  cost  of  a  buil 
is  to  block  it  out  and  to  ftgure  the  ai^roximate  quantities,  which  at  the  ma 
prices  prevailing  at  the  time  the  building  is  to  be  erected,  will  give  the  apfx 
mate  cost  of  said  building. "  Owing  to  the  high  cost  of  lumber,  a  fise-h 
building  will  cost  but  little,  if  any,  more  than  a  building  of  mill-construci 
and  owing  to  this  fact  it  is  always  advisable  to  determine  the  cost  of  build 
of  both  types  before  deciding  upon  the  t3rpe  to  be  used.  Buildings  of  a 
CONSTRUCTION  are  becoming  obsolete  in  some  localities,  and  owing  to  the  1i 
rate  of  insurance  on  buildings  of  fire-proof  construction,  those  of  the  k 
type  are  much  preferred,  as  in  the  end  they  cost  less.  It  is  not  always  sj 
compare  the  total  cost  of  labor  with  the  cost  of  the  labor  per  Dmj 
the  cheaper  labor  is  often  the  more  expensh^e  in  the  enfi,  this  depending  Im 
upon  the  locality  and  the  conditions  imposed.  Tables  showing  Uie  appioni 
cost  of  buildings  of  the  mill-construction  type  are  computed  from  the 
of  mill-buildings  of  light  construction  (cotton-mills  with  lateral  beams  4; 
and  are  not  adapted  to  computing  the  cost  of  heavy  warehouses  or  sk 
factory-construction.  The  figuring  of  the  cost  of  such  buildings  from  the  \ 
VEH  8Qt7ARE  FOOT  glves,  at  the  veo'  best,  only  approximate  results;  and 
discxepancy  of  but  r  ct  per  sq  ft  will  sometimes  amount  to  thousands  of  del 
the  method  is  hardly  accurate  enough  to  estimate  even  the  approximate  0 

The  Cost  of  Buildings  of  MUl^Constniction  in  New  England. 
following  eight  buildings  were  designed  by  Lockwood,  Greene  and  Om^ 
of  Boston,  Mass.,  who  submit  data  and  descriptions  of  buildings  ol  '^trf.f^ 
struction  with  their  cost  per  square  foot.  These  buildings  are»  with  a  i 
exception,  situated  within  a  limited  area  where  ooat  of  labor  and  mall 
vary  but  little.  The  floor-loads  vary  from  75  to  150  lb  per  sq  ft,  and  thti 
runs  from  I0.715  to  $1.56  per  sq  ft.  Considering  the  teztile^milla  01^ 
average  cost  is  Si. 038  per  sq  ft,  while  the  average  cost  of  all  these  buQdia 
$1,113  per  sq  ft. 

^  *  HkMe  Are  pi«>wajr]xioe»,  but  the  data  are  retafaied  for  purposes  of  oompatfMm^ 
tive  costs  of  diffenot  types  of  buildings,  or  of  buildings  in  (UffeneDt  lectionm  of  tfaeooi 
For  the  cost  of  reinforced-concrete  mills,  warehouses,  etc,  see  pages  1613  aiMl  t6i8u  . 
t  Farrot  &  Livaudais.  Ltd..  New  Orleans.  La. 


^ 
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i  Cotton  Sytnning-Mill.  This  mill  has  an  attached  picker-house,  office 
n  dye-house  wings,  and  was  built  in  Rhode  Island  in  19 tx.  The  following 
lithe  details  of  construction:  main  mill,  four  stories;  size,  263.17  by  131.67  ft; 
»4tary  picker-house,  43.67  by  131.67  ft;  one-story  dye-house  55  by  85.67 
\  bcick  stair-tank,  and  other  towers;  walls  of  hard  bricks;  plank  and  wearing- 
tts  on  traosverse  I-beam  framing,  suppc»ted  by  cast-iron  columns,  except 
five  bays,  where  both  transverse  and  longitudinal  framing  is  used;  slag  roof- 
^00  piank  on  woodsn  transverse  rafters^  floors  built  for  a  live-load  of  75  lb 
r  sq  ft    The  cost  of  the  buildings  was  $0,965  per  sq  f t. 

AFow-Slory  Cotton-Mill.  This  mill  is  without  basement.  It  was  built, 
ptber  with  the  fan-room  and  repair-shop  additions  in  Georgia,  in  19x0.  The 
iMriag  are  the  details  of  construction:  mill,  four  stories;  size,  27  a  by  128  ft; 
(e  and  repair-shop,  one  story  in  height  and  129.67  by  36  ft  in  plan;  regular 
|<oostructk>n,  that  is,  brick  walls,  hard-pine  transverse  floor-framing,  wooden 
tans  and  plank  floors,  except  for  six  bays  of  the  fourth  floor  which  have 
ri  I-beam  longitudinals  in  addition  to  the  hard-pine  transverse  timbers,  and 
;  sixteen  bajrs  of  the  roof-framing  which  have  both  longitudinal  and  transverse 
d-pine  tin^rs,  these  having  been  found  necessary  in  both  cases  because  of 
!  amission  of  the  alternate  columns.  These  buildings  have  extensive  monitors, 
F-iooth  skylights,  stair-towers,  etc.  The  floors  are  designed  to  cany  a  live 
d  of  75  lb  per  sq  ft.    The  cost  of  the  building  was  $0.7x5  per  sq  ft. 

i  Cottoft-MiU  of  Irregular  Shnpa.  This  mil]  is  considerably  wider  at 
•  eod  than  at  the  other  and  has  a  basement  at  one  end.  It  was  built  in 
■achnsetts  in  19 ix.  The  following  are  the  detaib  of  its  construction:  mill, 
(Stories;  length,  311*67  ft  and  average  width,  75.43  ft;  flve-story  wing, 
6  by  40.01  ft,  with  extensive  pent-houses;  stair  and  elevator-towers  and 
Egfats;  brick  walls,  traosverse  wooden  floor-framing,  supported  by  cast-iron 
Dms  and  brick  walls;  conditions  at  site  demanded  extensive  foundations; 
lows  in  fourth  and  fifth  stories  of  one  wall  protected  by  wire-glass  in  metal 
Ks;  and  floors  built  for  a  live  load  of  75  lb  per  sq  ft.  The  cost  of  the  buildings 
11.17a  per  sq  ft. 

On^-Story  ICmchina-Sliop.    This  was  built  near  Boston,  Mass.,  in  19 10. 

■lain  btiUding  is  200  by  136.375  ft  with  a  connecting  wing,  50  by  39.33  ft. 
IS  brick  walla;  longitudinal,  steel,  I-beam  framing;  transverse,  steel,  saw- 
k  skyligbt  framing;  plank  roof  covered  with  tar  and  gravel;  30-ft  longitu- 
l  and  x6-ft  transverse  ba3rs;  steel  I-beam  columns;  4%-in  cement  floors 
^  for  three  bays  which  have  a  i-in  maple  overflocHring,  a'l-in  North  Caro- 
pine^  intermediate  layer,  a  3-in  kyanized  spruoa-plank  layer,  and  4^^  in  of 
Docnete;  and  extensive  saw-tooth  skylights.  The  cost  of  the  buildings 
U-288  per  sq  ft. 

ffiriliHiiig  '^^  Mflirafaetitrinc  AntmnoMlet.  TMs  building  has  forge- 
cxiensions  and  was  built  in  Connecticut  in  19 10.  The  main  building 
oar  stories  and  a  basement  and  is  54  by  151  ft  in  plan  with  a  one-story 
■on,  50  by  149  ft,  with  extensive  pent-houses  and  monitors.  The  factory- 
'ag  has  brick  walls,  transverse  ydlow-pine  framing  on  heavy  wooden  col- 
and  on  walls,  floors  of  x-in  maple  overflooring  over  4-in  yellow-pine  planks, 
f  oC  3-in  yeHow-pise  planks  covered  vrith  tar  and  gravel,  and  a  4H-in 
It,  bttsement-floor.  The  extension  has  brick  walls;  a  brick-on-edge  floor 
a  a  4-in  course  of  cement  concrete  on  earth;  steel  roof- trusses,  of  47-ft, 
)an  placed  10  ft  on  centers;  tar-and-gravel  roof;  and  extensive  monitora 
oovs  ai«  built  to  carry  a  Uve  load  of  125  lb  per  sq  ft.  The  cost  of  the 
ig  was  $1^075  per  sq  ft. 
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A  Two-Story  Wooden  Box-Factory.  This  factory  has  no  basement, 
was  built  near  Boston,  Mass.,  in  1909.  •  la  plan  it  is  155 'by  305  ft  and  its  I 
a«e  height  is  32.5  ft.  It  has  brick  shafts;  transverse  wooden  framing:  foi 
first  floor;  transverse  beams  supported  by  longitudinab  for  the  second 
and  roof;  wooden  columns  and  plank  floors;  and  wooden  monitors.  The  I 
are  designed  to  carry  a  live  load  of  150  lb  per  sq  ft.  The  cost  of  this  bu3 
was  $0.84  per  sq  ft. 

A  One-Story-and-Baaement  Weave-Shed.  This  was  built  near  Ba 
Mass.,  in  1909.  It  is  213  by  244.17  ft  in  plan,  with  extensive  entrances,  to 
and  saw-tooth  skylights.  It  has  brick  walls;  longitudinal  I-beam  girders 
porting  transverse  I-beam  girders  in  the  first  story,  resting  on  brick  | 
transverse  hard-pine  girders  supporting  longitudinal  girders  for  the  saw-4 
skylight-framing;  heavy,  wooden  floors  and  roof;  wooden  columns;  an  t 
ba^ment-floor;  and  foundations  on  concrete  piles.  The  floors  are  desi 
t  J  carry  a  live  load  of  100  lb  per  sq  ft.  The  cost  of  the  buildings,  on  the 
story  basis,  was  $1.56  per  sq  ft 

A  Two-and-One-half  Story  Picker-Honse.  There  is,  also,  a  twoH 
house  and  a  one-story  connecting' passage  between  the  two  buildings  menti 
above  for  the  cotton  mill  of  irregular  shape/ which  were  built  in  Massachu 
in  191  z.  The  picker-house  is  64  by  95  ft  in  plan;  the  waste-house  21  hy  4 
the  covered  bridge  10  by  40  ft;  and  the  average  height  of  the  building  42.4 
The  walls  are  of  brick.  The  picker-house  has  transverse  wooden  framing 
ported  by  wooden  columns  and  has  plank  floors.  The  waste-house  'vrnm 
transverse,  steel  I-beam  framing  and  no  columns,  and  concrete-slab  fl 
The  floors  are  designed  to  carry  a  live  load  of  75  lb  per  sq  ft.  The  oost  c 
building,  including  plumbing,  was  $1.99  per  sq  ft. 

The  Cost  of  Buildings  of  Mffl-Construction  in  Philadelphia,  Pa.» 
Vicinity.  The  followmg  five  buildings  were  designed  by  Steams  &  O 
Philadelphia,  Pa.,  who  submit  data  and  descriptions,  ^th  the  cost  P£k  sqi 
FOOT.  These  buildings  are  within  a  very  limited  area,  being  in  or  within  i 
miles  of  Philadelphia,  and  are  of  somewhat  heavier  construction  than  < 
described  above,  the  floor-loads  varjring  from  xao  to  150  lb  per  aq  ft  an 
oost  ranging  from  $o.85  to  $1.23  per  sq  ft.  The  average  floor-load  is  132  1 
the  average  cost  $1.02  per  sq  ft.  The  two-  siuflaeiifig^mills  mentioned  as 
signed  for  average  floor-loads  of  120  lb  and  their  average  cost  was  i 
per  sq  ft. 

A  Chocolate-Factory.  This  was  built  in  Philadelphia,  Pa.,  on  open  gn 
It  has  an  ornamental  exterior;  walls  of  Sayer  and  Fisher  bricks  with  tcm^ 
trimmings,  and  a  main  building,  83  by  303  ft  in  plan  and  two  stories  in  la 
One  section  of  the  building,  60  ft  in  length,  is  three  stories  high.  Xhe  1 
heights  are  14  ft  from  top  to  top  of  floors.  The  floors  are  designed  to 
a  live  load  of  150  lb  per  sq  ft.  It  has  foundations  of  concrete;  heavy 
floors  on  heavy  timber-framing;  a  slag  roof;  all  stairways  and  elevalM 
brick  towers;  and  openings  in  division  walb  equipped  with  fire-doors. 
cost  of  the  building,  excluding  plumbing,  heating,  electric  work,  elevmtoc^ 
protection  and  mechanical  equipment,  was  $o.85. 

A  Four-Story««nd-Basement  Chocolate-Pactoiry.  This  huildmg 
erected  in  Philadelphia,  Pa.  It  is  44  by  130  ft  in  plan,  with  aveiiage  i 
^eights  of  13  ft. .  It  was  built  in  a  cOhginted  part  of  ^he  city,  between  other! 
ines.  The  oost  of  underpinning  a^  shoring  the  adjacent  buildings  is  inc 
in  the  cost  given.  It  has  plain  brick  walls;  slow-burning  floor-constmcti 
heavy,  wooden  timbers,  with  finished  flooring  of  mciple;  stairways  and  elev 
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hnA  endosures;  and  a  slag  roof.  The  floors  are  designed  to  carry  a  live 
d  of  150  lb  per  sq  ft.  The  cost  of  the  buildings  including  plumbing,  but 
Coding  heating,  dectric  work,  elevators,  fire-protection  and  mechanical 
tipDtent,  was  $1.33  per  sq  ft. 

I  Spinmng-MIU.  This  building  was  erected  in  Philadelphia,  Pa.,  on  ground 
en  and  easy  of  access.  Its  exterior  is  of  brick,  without  ornamentation.  It 
H  by  268  ft  in  plan,  three  stories  in  height,  the  stories  throughout  being  15  ft 
B  horn  top  to  top  of  floors.  The  floors  throughout  are  calculated  to  carry  a 
t  load  of  120  lb  per  sq  ft.  It  has  walb  of  brick;  a  slow-burning  floof-con- 
vticm  with  finished  flooring  of  maple;  a  slag  roof;  and  stairways  and  ele* 
tan  in  biick  enclosures.  The  cost  of  the  building,  excluding  plumbing, 
Mmg,  dectric  work,  elevators,  fire-piotection  and  mechanical .  equipment 
klo.93  per  sq  ft. 

i  Spfaminc-MlU.  This  building  was  erected  in  Philadelphia,  Pa.,  on  ground 
B  ind  eas3,^  of  access.  Its  exterior  is  a  plain  brick  design.  It  is  69  by  369  ft 
pbn  and  three  stories  in  height,  the  story-heights  throughout  being  15  ft 
I  from  top  to  top  of  floors.  The  floors  throughout  are  calculated  for  a  live 
il  of  I30  lb  per  sq  ft.  It  has  brick  walls  with  concrete  foundations;  a  slow- 
amg  floor-construction  with  a  finished  flooring  of  maple;  a  slag  roof;  aU 
irways  and  elevators  in  brick  enclosures;  and  all  openings  in  division  walls 
Qped  with  fire-doors.  The  cost  of  the  building  excluding  the  plumbing, 
ting,  electrical  work,  elevators,  fire-protection  and  mechanical  equipment, 
t|ij07;  and  the  cost  of  the  building  including  the  pliunbing,  heating,  elec- 
1!  work,  devators  and  fire-protection,  but  excluding  the  mechanical  equip* 
at,  was  $1.34- 

i  C3otlii]iS'Factory.  This  building  was  erected  in  Woodbine,  N.  J.,  on 
md  open  and  easy  of  access.  Its  exterior  is  of  brick,  without  ornamentation. 
1 45  by  179  ft  in  plan  and  three  stories  in  height.  The  basement  is  10  ft  in 
iht,  and  the  other  stories  12  ft  in  height  from  top  to  top  of  floors.  The 
IS  are  calcidated  throughout  for  a  live  load  of  1 20  lb  per  sq  ft.  It  has  walb 
ock;  slow-biiming  floors  with  yellow-pine  finished  flooring;  a  slag  roof;  and 
aairways  and  elevators  in  brick  towers.  The  cost  of  the  building,  exclude 
beating,  electrical  work,  fire-protection  and  mechanical  equipment,  but  in- 
Eng  freight-elevators  and  plumbing,  was  $1.01  per  sq  ft. 

lie  Cost  of  Buildings  of  Mill-Constniction  in  the  Middlo  West. 
following  six  buildings  were  designed  by  F.  G.  Mueller,  Hamilton,  Ohio, 
submits  data  and  descriptions  with  the  costs  of  buildings  of  heavier  con^ 
cckm.  The  floor-loads  vary  from  200  to  300  lb  and  the  cost  fcom  $0.62 
DJ96  per  sq  ft.  The  paper-mill  at  Taylorsville,  111.,  is  partly  of  concrete 
tmction,  and  was  built  at  a  cost  of  $1.30  per  sq  ft.  Exclusive  of  the  last- 
ed bnikting,  the  average  floor-load  is  230  lb  and  the  average  cost  $0,805 
qft. 

1  Addition  to  a  Paper-MiU.  This  was  built  in  Dayton,  Ohio.  It  is  a 
itory  bri<^  building,  116  by  79  ft  in  plan.  The  first  story  is  used  for  paper- 
Se  and  the  second  story  ^  a  finishing-room.  The  first  floor  is  of  cement 
cinder  fill;  and  the  second  floor  of  2%-in  yellow-pine  planks  with  an  over- 
fly of  Ti-in  maple,  supported  by  8  by  14-in  beams,  14  by  i6-in  girders  and 
r  lo-in  wooden  posts.  The  floors  are  figtired  for  a  live  load  of  200  lb  per 
The  roof  is  supported  by  six  steel  trusses  and  4  by  lo-in  wooden  purlins, 
covered  with  i%-in  sheathing  and  composition  roofing.  The  foundation* 
r  cxmciete.  The  cost  of  the  building,  exclusive  of  the  plumbing  and  heat-> 
was  90.75  P^  sq  ft. 
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An  Addition  to  a  Foundry.  This  one-Btoiy,  bride,  foundry-buildiiis  ^ 
erected  in  Hamihon,  Oiuo»  is  432  by  63  ft  io  plan,  and  has  a  one-story  wj 
86  by  46  ft  in  plan,  and  a  one-story  cupola-house,  2&k  by  36H  ft  in  pian. 
has  a  wooden  floor  in  the  wing  only  and  dirt  floors  elsewhere.  It  has  oonci 
foundations;  a  composition  roof  on  2)4 -in  shfathing,  supported  by  13  by  14 
firdera,  6  by  la-in  beams  and  6-in  cast-iron  columns;  an  elevator  in  the  ciip< 
house;  and  all  doors  of  tin-clad  construction.  The  cost  of  the  building  1 
I0.836  per  sq  ft. 

A  Paper-Mill.  This  was  built  in  Monroe,  Mich.,  and  ia  a  one-story** 
basement  bride  building,  x8s  by  87  ft  in  plan,  with  an  end-wing  234  by  35 
It  has  heavy  beam  and  girder  floor-construction,  designed  to  cany  a  five  1 
of  300  lb  per  sq  ft;  concrete  foundations  and  a  baaement-part,  130  by  87 
It  is  designed  for  one  paper-making  machine  and  four  beaters^  has  a  compoail 
roofing  and  one  skylight  over  the  boiler-room.    The  cost  was  I0.88  per  sq  ff 

A  Payer-MUL  This  is  an  irregular-shaped  brick  building  erected  in  Ken 
worth.  La.,  and  is  356  by  168  ft  in  plan.  About  one-third  of  it  is  two  sto 
and  the  remainder  one  story  in  height.  It  has  a  heavy  wooden,  beam,  gii 
and  post-construction;  a  stone  foundation  on  cypress-grillage  footings;  i 
floors  designed  to  carry  heavy  paper-making  machinery  with  a  live  lond 
S50  lb  per  sq  ft.    The  cost  of  the  building  was  |o^6  per  sq  ft. 

A  Warehonse.  This  is  a  one-story-and-basement  brick  building, 
Hamilton,  Ohio,  and  is  38  by  50  ft  and  designed  for  a  live  load  of  200  lb 
ft.  It  has  a  cement  floor  in  the  basement;  10  by  14-in  girders,  8  by  12-in  bei 
and  10  by  lo-in  posts  supporting  3%-in  flooring;  10  by  14-in  gixders  and  u 
round,  wooden  posts  carrying  3^-in  sheathing  and  composition  roofing.  ' 
cost  of  the  building  was  $0.62  per  sq  ft. 

A  Paper-Mill.  This  was  built  in  Taylorsville,  111.,  and  has  a  main  biukS 
two  stories  in  height  and  49  by  130  ft  in  plan;  a  one-story  part,  138  by  g 
in  plan;  and  a  one-story  wing,  42  by  144  ft  in  plan.  There  is  a  basement  m 
almost  the  entire  building.  The  foundations  are  of  poncrete  and  there 
cement  floors  in  the  basement.  The  first  floor  is  of  reinforced-beam,  gii 
and  slab-construction,  designed  for  a  live  load  of  250  lb  per  sq  ft;  the 
floor  of  mill-construction,  supported  by  cast-iron  columns,  14  by  i8-in 
girders  and  12  by  i6-in  wooden  beams;  and  most  of  the  roof  is  suppotted 
steel  trusses  and  wooden  puriins.  The  second  floor  was  designed  for  a  liv«  I 
of  150  lb  per  sq  ft.  There  are  extensive  skylights,  pent-houses,  etc.  The  i 
of  the  building  was  $1.30  per  sq  ft. 

The  Coat  of  Buildings  of  Mill-Conttntction  in  Toronto,    C«m 

The  building  described  in  the  following  paragraph  was  designed  by  Sptoal 
Rolph,  of  Toronto,  Canada,  who  submit  data  of  a  warehouse-building  witi 
floor-openings  and  windows  and  other  outer  wall-openings  protected  ia 
approved  manner,  and  erected  at  a  cost  of  $1.12  per  sq  ft. 

A  Pive-Story-md-Baaement  Seed-Warrtionae.  This  was  buOt 
Toronto^  Canada,  and  is  zzz  by  14c  ft  3^  in  in  plan.  The  floor-hdghts  am 
ft  I  in,  and  the  total  height  b  66  ft.  The  floors  are  built  of  2  by  6-in  piece 
pine  on  edge  and  the  bays  measurer  2  ft  sinby  13  ft.  The  beams  are  of  kx^ 
yellow  pine,  14  by  x  8  in  in  section;  the  posts  of  similar  material,  vnzyi]^  | 
£  by  8  in  to  16  by  x6  in;  the  walls  are  of  hard,  red  bricks  with  gray  stone 
ings;  and  the  sashes  and  frames  are  of  steel  throughout.  The  building  has  t 
elevators  in  a  brick-enclosed  shaft  and  one  staircase  in  a  separate  brick 
The  floors  are  designed  to  carry  a  live  load  of  230  lb  per  sq  ft.  The 
the  building,  exclusive  of  the  heating  and  lighting,  was  $1.12  per  aq  ft. 
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Ohji  Coet  of  Bvildlacs  of  Iffll-Conotniclloa  in  Horthwottoni  OlomOmu 
mkHomuig  four  bttiJdines  were  designed  by  J.  H.  G.  Russell,  Winnipeg; 
pHfar  and  are  wuebouaes  of  very  superior,  heavy  constructioi^  widely 
^■Blsd  ia  location,  yet  varying  ILttk  in  cost.  TIm  floor^loads  used  vary 
pBjeo  to  350  lb,  five  load,  per  sq  ft  and  the  cost  varied  from  $1.41  to  $1.54 
ISQ It    The  average  cost  was  $1.46  per  sq  ft. 

A  Sovon-Stofy-aiid-BaMaont  Warehovae.  This  was  buih  in  Winnipeg, 
Bsdi,  and  is  50  ft  6  in  by  119  ft  9  in  in  plan.  Tlie  floors  are  of  6-4ii  spruce  with 
iii  Biaple  ovcrflooring.  All  floors  are  on  heavy  girders  and  columns;  the 
Mots  are  in  bnck  shafts;  and  the  walk  are  of  brick,  except  the  first  ttory 
|bC  vaU,  which  is  of  cot  stone.  The  floors  are  designed  to  carry  300  lb  per 
[ft,  live  load.  The  cost  of  the  bnikfing,  exclusive  of  the  heating*  elevator^ 
U  WBS  $1.46  per  aq  ft. 

I  Tkree-Story-and-Basefflent  Warehouse.  This  was  built  in  Winnipeg, 
ivia,  and  is  62  ft  6  in  by  86  ft  6  in  in  plan.  Heavy  fir  timbers  were  used  for 
■mg.  It  has  a  6-in  fir-plank  solid  floor  with  %-in  maple  overflooring; 
B5  and  elevators  in  brick  towers;  brick  walls  with  Uie  openings  in  the  rear 
i  sides  oi  the  building  protected.  The  floors  were  designed  to  carry  a  hvc 
dof  350  H>  per  sq  ft,  and  the  coat  of  the  buUding,  excluding  the  heating,  etc., 
ilx^i  per  sq  ft. 

i  Warehoase.  This  is  a  six^ory-and-basement  building,  erected  in  Saska- 
Mf  Canada,  and  is  50  by  112  ft  in  plan.  The  floors  are  of  6-in  fir,  with  %-in 
pie  ovcrflooring,  and  are  supported  by  heavy  fir  timbers.  The  building  has 
tk  wmOs  with  a  front  of  pressed  bricks  and  cut-stone  trimmings;  some  of  the 
nin^  are  pFOtected  by  wire-glass  windows;  aitd  the  stairs  and  elevators  are  in 
[k  sliafts.  The  floors  were  built  to  cany  350  lb  per  sq  ft,  live  load,  and  the 
king  cost,  exclusive  of  the  heating,  elevators,  etc.,  I144  per  sq  ft. 

i  Fire-Story-and-Basement  Warehouse.  This  was  built  in  Edmonton, 
Mda,  and  is  50  by  137  ft  in  pUui.  The  floors  are  of  6-in  fir  with  %-in  maple 
liooring.  The  building  has  brick  walls  and  the  front  and  one  side  wall 
fttsd  with  pressed  bricks  with  stone  trimmincs.  It  has  the  openings  in 
rear  wall  protected  and  the  stairs  and  elevators  are  in  brick  shafts.  The 
k  ait  stamg  enough  for  two  additional  stories  and  the  floors  are  designed 
cany  350  Vb,  live  k>ad,  per  sq  ft.  The  cost  of  the  building,  exclusive  of 
dob  elevators^  etc  was  $1.54  per  sq  ft. 

!!be  Cost  of  Bufldinga  of  MiU-Conatmctioii  in  Vancouver,  Canada, 
t  buikiing  described  in  the  following  paragraph  was  designed  by  Dalton  & 
Mgh,  Vancouver,  Canada,  who  give  data  of  a  warehouse  with  floors  designed 
any  an  average  load  of  500  lb  per  sq  ft  and  costing  $1 .09  per  sq  ft.  Although 
heaviest  timbers  and  the  heaviest  wall-hangers  and  beam-hangers  were 
I,  and  the  floors  built  of  the  maximum  thickness,  the  cost  was  extremely 
This  no  doubt  was  partly  due  to  the  proximity  of  the  timber  and  the 
ities  (cr  transporting  it  by  water. 

Warehimse  for  the  Storage  of  Heavy  Hardware.  This  was  erected 
Vancouver,  Canada.  The  main  building  has  four  stories  and  a  basement, 
isSsftS  in  by  iisftfiinin  plan.  The  office-wing  has  four  stories  and  a 
■cat  and  is  60  by  40  ft.  There  is,  also,  a  four-story  and  half-length-base- 
i  bafldtng,  38  by  lao  ft,  oonnectmg  with  the  two  upper  stories  of  the  mun 
Gog  by  means  of  a  steel  bridge  40  ft  long.  The  walls  above  the  basement 
I  hard-burned  brick  and  the  concrete  basement  walls  and  floors  are  treated 
faydrolste.  The  main  girders  are  set  23  ft  on  centers  and  vary  in  section 
12  by  16  in  to  18  by  24  in  and  are  all  one-piece  sticks.    The  posts,  set  iz  ft 
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lo  in  on  centers,  vary  from  12  by  i3  in  in  one  piece,  to  20  by  3S  in,  in  tl 
pieces.  The  joists,  set  4  ft  on  centers,  vary  from  8  by  x6  in  to  16  by  34  in  in 
piece.  The  floors  are  made  of  4  by  6-in  and  4  by  4-in  pieces,  laid  solid,  1 
top  flooring  made  of  2  by  6-in,  edge-grain,  tongued  and  grooved  pieces,  \ 
two  layers  of  asbestos  between,  weighing  xoH  ounces  per  sq  ft.  Ail  the  1 
bers  are  of  fir.  There  are  three  brick-endosed  elevateds  with  fire-€lo<M:s» 
one  elevator  in  a  wooden  shaft,  built  "sotid"  of  34n. thick  pieces.  The  ol 
front  is  of  pressed  bricks  and  has  plate  glass,  marble  steps  and  copper  t 
The  windows  are  glazed  with  wire-glass  in  metal  frames,  and  there  axe 
doors  on  the  outer  door-openings.  The  roof  is  made  of  a  6-pIy  composition  1 
a  gravel  coating.  The  live  load  used  for  the  floors  varied  from  x  000  lb 
sq  ft  on  the  ground  floor  to  250  lb  on  the  top  floor,  the  average  live  load  b 
500  lb  per  sq  ft.  The  walls  and  posts  were  designed  to  carry  two  additii 
stories,  with  a  live  load  of  225  lb  per  sq  ft.  The  cost  of  the  building,  exdu 
of  the  heating  and  office  and  warehouse-fixtures,  was  $1.09  per  sq  ft. 

ZZ,  Cost*  of  Brick  Mill-Buildings  of  Slow-Buming  Constmctio] 

Approximate  Cost  of  Brick  Mill-Buildings.    Mr.  C.  T.  Mainf  has  mm 

series  of  diagrams  showing  the  cost  in  New  England,  in  1910,  per  sqvake  1 
OF  FLOOR  SPACE,  of  BRICK  MILL-BUILDINGS  of  different  slzes,  from  one  to 
stories  in  height,  and  of  the  type  known  as  slow-burning.  The  calculat 
are  made  for  total  floor-loads  of  about  75  lb  per  sq  ft.  The  figures  taken  f 
the  diagrams  are  given  on  the  following  page.  The  costs  include  ordii 
foundations  and  plumbing,  but  no  heating,  sprinklers  or  lighting. 

Modifications  of  the  Costs  given  in  Table  I:  (i)  If  the  soil  is  poor  or 
conditions  of  the  site  are  such  as  to  require  more  than  ordinary  foundati 
the  cost  will  be  increased. 

(2)  If  the  building  is  to  be  used  for  ordinary  storage-purposes  with  low  stc 
and  no  overflooring,   the   cost  will  be  decreased  from  about  10%  for  la 
low  buildings  to  25%  for  small,  high  ones,  about  20%  being  usually  a 
allowance. 

(3)  If  the  building  is  to  be  used  for  manufacturing  and  is  substantially  h 
of  wood,  the  cost  will  be  decreased  from  about  6%  for  large,  one-story  huild 
to  33%  for  small,  high  buildings;  15%  would  usually  be  a  fair  allowance. 

(4)  If  the  building  is  to  be  used  for  storage  and  biUlt  with  low  stories  and  i 
stantially  of  wood,  the  cost  will  be  decreased  from  13%  for  large,  one-sl 
buildings  to  50%  for  small,  high  buildings;  30%  would  usually  be  a  fair  all 
ance. 

(5)  If  the  total  floor-loads  are  more  than  75  lb  per  sq  ft  the  cxis 
increased. 

(6)  For  office-buildings,  the  cost  must  be  increased  to  cover  the  exte 
architectural  treatment  and  the  interior  finish. 

(7)  Reinforced-concrete  buildings,  designed  to  carry  floor-loads  of  100  B 
less  per  sq  ft  will  cost  about  25%  more  than  those  of  the  slow-burning  I 
of  mill-construction. 

*  These  are  pre-war  prices,  but  the  data  are  retained  for  porposes  of  comparisoi 
relative  costs  in  the  anali^is  xnade.    For  the  cost  of  reinforced-conciete  mills, 
etc.,  see  pages  1613  and  16x8. 

t  F.ngineering  News,  January  27, 19x0. 
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Table  I.     C^tet'ol  Brick  MflUBdldiaip  per  Squir  Foot  41  Floor-Aree 


Leasth  in  ft 


Vidtb  in  ft 


as 

50 
75 

las 


50 


xoo 

150 

aoo 

250 

300 

350 

400 

500 


Ooe  story 


•x.90 
1.53 
X.41 
x.3a 


91.66 

ti.58 

$1.54 

$1.51 

tx.49 

lx.48 

•1.47 

1.29 

X.3I 

Z.18 

X.16 

X.15 

1. 14 

I.X3 

X.21 

X.Z3 

X.08 

Z.06 

1.04 

X.03 

X.02 

1.09 

1.02 

0.98 

0.96 

0.94 

0.94 

0.93 

•z.46 

1.13 

x.02 
0.92 


Two  stories 


as 

a.oo 

X.62 

1.5a 

1.47 

1-44 

x.41 

X.39 

1.38 

1.36 

so 

i.so 

I. ax 

1.13 

1.09 

X.06 

X.05 

X.04 

I.Q3 

X.03 

7S 

X.34 

1.08 

x.ox 

0.97 

0.94 

0.92 

0.93 

0.91 

0.90 

12S 

1.33 

0.97 

0.90 

0.86 

0.84 

0.83 

0.81 

0.80 

0.86 

Three  stories 


as 
so 
75 


X.98 

X.57 

1.47 

1.42 

X.39 

1.38 

1.36' 

X.35 

X.47 

1.17 

1.07 

1.03 

x.ox 

x.oo 

0.98 

0.98 

X.30 

x.os 

0.98 

0.94 

0.9X 

0.89 

0.88 

0.87 

x.x8 

0.93 

0.86 

0.8a 

0.80 

0.78 

0.77 

0.76 

1.34 
0.96 
0.86 
0.76 


Pour  stories 


35 

7S 
125 


2.00 

x.6x 

x.so 

1.45 

1.4a 

1.40 

1.38 

X.37 

1.38 

1.17 

X.IO 

x.05 

x.03 

x.oo 

1.00 

0.99 

1.33 

1.06 

0.97 

0.93 

0.90 

0.88 

0.88 

0.87 

1.20 

0.93 

0.85 

o.8x 

0.78 

0.77 

0.76 

0.7s 

X.36 
0.9B 
0.87 
0.74 


Six  stories 


75 


3.X0 

1.7a 

x.57 

1. 51 

1.48 

X.46 

1.44 

1.43 

1.53 

1. 31 

1.13 

1.08 

1.05 

1.04 

X.03 

x.03 

I.3S 

x.oB 

0.96 

0.94 

0.9a 

0.90 

0.89 

0.88 

X.23 

0.96 

0.86 

0.8a 

0.79 

0.78 

o.n 

0.76* 

x.4a 
x.02 
0.86 
0.76 


SQUA&s  FOOT  of  a  buildiDg  xoo  ft  wide  is  about  midway  between  tha 
e  75  ft  -wide  and  one  125  ft  wide;  and  the  cost  of  a  five-story  building  about  mid 
tttmtjcn.  the  coats  of  a  four-story  and  a  six-story  building. 

\MdonMl  I>atA  for  estimating  costs  of  foundation-walls  and  other  wall 
Ivcn  in  the  following  table: 


rH. 


«f  Walls  ifl  Brkk  MID-BiiiMiiigt  ef  Sttow-Bofiiiiig  Cenatnictioi 


Number  of  stories 

X 

9 

3 

4 

5 

6 

Bdataons.  indading  excavations 
Mt  per  Un  ft: 

r^«*aM^^    'WrSkllfl.  ...rf.TT T-t'-- 

$3.00 
1.75 

• 

0.40 
0.40 

S2.9O 
3.35 

0.44 
0.40 

I3.80 

3. 80 

0.47 
0.40 

$4.70 
3.40 

0.50 
0.43 

$5.60 

3.90 

0.53 
0.45 

16.50 

rrmm«1^  WaUs    

4.50 

■t  per  oq  ft  of  surface: 

^«»a&«1«»  «m11« 

0.57 

rnwM^  ««1l» 

0.47 
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Cohmins,  including  piers  and  castings,  oost  about  $15  each. 

Assumed  Height  of  Stories:  From  ground  to  first  floor,  3  ft.  Build 
25  ft  wide,  stories  13  ft  high;  50  ft  wide,  14  ft  high;  75  ft  wide,  15  ft  li 
xoo  ft  and  125  ft  wide,  16  ft  high. 

Cost  of  Floors:  32  cts  per  sq  ft  of  gross  floor-space,  not  including  <x>lui! 

38  cts,  including  columns. 

Cost  of  Roof:  25  cts  per  sq  ft,  not  including  columns;  30  cts,  indue 
columns.    Roof  to  project  18  in  on  all  sides  of  buildings. 

Stairways,  including  partitions,  9ioo  each  flight.  Include  two  stairways 
one  elevator-tower  for  buildings  up  to  150  ft  long;  two  stairwajrs  and  two  e& 
tor-towers  for  buildings  up  to  300  ft  long.  In  buildings  over  two  storie 
height,  three  stairways  and  three  elevator-towers  for  buildings  over  300  ft  I 

Plumbing  Fixtures.  In  buildings  of  more  than  two  stories  figure  S/s 
each  fixture,  including  the  piping  and  partitions.  Allow  for  two  fixtures 
each  floor  up  to  5  000  sq  ft  of  floor-space,  and  one  fixture  for  each  addita 
5  000  sq  ft,  or  fraction  thereof,  of  floor-space. 


Definitions  Bll 
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CHAPTER  XXin 

FIREPBOOFING  OF  BUILDINGS 

By 
RUDOLPH  P.  MILLER 


f 

I  SUFEBOrTENDSKT  Or  BUHOINOS,  new  YORK  CITY 

i 

1.  TMttdtioDM,  Atmm,  Height!,  and  Costs 

iDeftiitioiit.  The  tenn  fike-proof,  while  qow  quite  well  understood  by 
idiitects,  b  still  used  in  a  very  broad  sense  by  the  public.  To  be  strictly 
PBivoof,  a  building  must  be  constructed  and  finished  entirely  with  incom- 
■dbfe  materiak,  and  any  of  these  materials,  such  as  steel  or  iron,  which  are 
jnriously  affected  by  heat  or  streams  of  water  must  be  efficiently  protected 
r  other  materials  which  are  not  so  affected.  This  precludes  the  use  of  wood, 
hetfaer  exposed  or  not  exposed,  also  all  exposed  steel  or  iron,  common  glass, 
td  most  building  stones.  It  is  safe  to  say  that  there  are  very  few  buildings 
this  country  that  are  absolutely  fike-proof.  There  are  many,  however, 
at  coold  not  be  destroyed  by  fire,  and  in  which  the  salvage  would  probably 
■Mint  to  from  60  to  80%;  and  it  is  the  latter  class  which  is  generally  meant 
ka  the  tenn  tzke-proop  is  used.  Incombustible  buildings,  and  buildings  of 
Ntden  construction  protected  to  a  greater  or  less  degree  from  the  flames,  are 
BKtimes  advertised  as  fire-proof;  but  such  buildings  should  be  considered 
Bdy  as  SLOW-BURNING.  It  fa  undoubtedly  the  duty  of  every  architect  to  be 
fl  informed  concerning  the  fire-proof  qualities  of  aU  materials  that  enter 
Id  the  constmction  and  finishing  of  buildings,  and  to  know  how  to  use  these 
ttezials  to  the  best  advantage.  His  choice  and  use  of  materiab  is  then  limit(d 
If  by  the  character  of  the  building  and  the  interests  of  hfa  clients.  It  b 
joided  to  furnish  this  information  in  a  concise  manner  in  this  chapter.  The 
itioDal  Fire  Protection  Association  recommends  the  discontinuance  of  the 
B  FIRE-PROOF,  and  the  use  of  the  term  fire-resistive  in  ita  stead.  The 
Ber  term  b  the  one  used  in  the  building  laws  of  all  the  larger  cities. 

H«irid|Mi1  DsflnitioiMi.  Municipal  definitions  as  to  what  constitutes  fire- 
dot  COM5TKI7CIION  have  a  great  beanng  on  the  construction  oi  buildings 
Ma  their  juriadiction.  None  b  entirely  comprefaansive  and  the  detailed 
tnrements  must  be  consulted  in  each  case.  The  Chicago  definition  b 
seal  of  most  of  them. 

CUcsfS  Deftnrtisn.*  ''The  term  firc-paoof  ookstruction  shall  apply  to 
buildings  in  which  all  parts  that  carry  weights  or  resbt  strains,!  and  also  all 
erior  wails  and  all  interior  walk  and  all  interior  partitions  and  all  stairways 
I  til  elevator  enclosures  are  made  entirely  of  incombustible  materials,  and  in 
idi  aU  metallic  structural  members  are  protected  against  the  effects  of  fire 
cweiii^ta  of  a  material  which  shaQ  be  entirety  incombustible,  and  a  slow  heat 
idactor,  and  bereiiisiter  termed  fikb-psoof  material.    Reiaforoed  concrete 

Quoted  matter  ft  left  in  Its  orifl^nal  form.    The  editor'iii'chief  is  not  responsible  for 
iTBKuc,  punctuation,  etc. 
Stasscsare  meant. 
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as  defined  in  this  ordinance  shall  be  considered  fire-proof  ooDStruction,  wl 
built  as  required  by  Section  550." 

When  Fira-proof  Construction  Should  be  Employed.    A  building  sho 

be  designed,  built,  and  finished  to  conform  to  the  purpose  for  which  it  is  to 
used.  A  building  containing  but  little  inflanunable  material,  and  that  doI 
great  value,  need  not  be  as  thoroughly  fire-proof  as  one  designed  for  the  stoi 
of  valuable  goods,  or  for  the  protection  of  life  in  case  of  fire.  The  height  i 
building  is  an  important  factor  in  determining  whether  it  should  be  fire-pi 
or  not.  The  rate  of  increase  in  the  difficulty  of  coping  with  fire  in  a  bulk 
is  greater  than  that  of  the  increase  in  the  height.  The  area  covered  b; 
building,  also,  is  important,  although  in  most  instances  interior  division-w 
may  be  provided  which  practically  cut  up  a  building  into  a  series  of  snu 
buUdings.  Some  of  the  limitations  placed  upon  non-fire-proof  buildiiigs 
various  municipal  laws  will  be  found  in  the  foUowing  daasification  and  in  TaU 
page  8x3. 

Limiting  Areas  for  Ron-Fire-probf  Biiil'dingt. 
New  York  City,      7  500  sq  ft  on  an  interior  lot. 

12  000  sq  f t  on  a  comer. 
15  000  sq  ft  when  facing  three  streets. 
Chicago,  HI.,  9  000  sq  ft  if  of  ordinary  joisted  construction. 

12  000  sq  ft  if  of  slow-burning  construction. 
St.  Louis,  Mo.,        7  500  sq  ft. 
Boston,  Mass.,      10  000  sq  ft. 
Cleveland,  Ohio,   Mill-Construction: 

20  000  sq  ft  when  facing  streets  on  fo\ir  sides. 
15  000  sq  ft  when  facing  streets  on  three  sides. 
12  000  sq  ft  when  facing  streets  on  two  sides. 
9  000  sq  ft  when  facing  streets  on  one  side. 
5  000  sq  ft  on  any  lot  when  of  hazardous  occupancy. 
Cleveland,  Ohio,  Ordinary  Construction: 

12  500  sq  ft  when  facing  streets  on  four  sides. 
10  000  sq  ft  when  facing  streets  on  three  sides. 
7  500  sq  ft  when  facing  streets  on  two  sides. 
5  000  sq  ft  when  facing  streets  on  one  side. 
2  000  sq  ft  on  any  lot  when  of  hazardous  occupancy. 

Cost  of  Fire-proof  Construction.  F.  W.  Fltzpatrick,  found,  pceviooi 
1903,  that  fire-proof  construction  for  office-buildings,  hotels,  etc.,  adds  fi 
9  to  13%  to  the  cost  of  ordinary  construction  with  wooden  joists.  For  stai 
and  warehouses  the  difference  will  often  be  less  than  5%.*  Walter  F.  Sallii 
stated  (1909)  that  reinforced-concrete  construction  cost  from  10  to  15%  ni 
per  square  foot  of  floor-surface  than  miil-constructkm  and  about  25%  leas  tl 
steel-frame  and  terra-cotta  fire-proof  construction,  f  Figures  given  by  J.  P, 
Perry  (1911)  indicated  that  reinforced-concrete  oonstruction  added  frooa  a  tjo  2 
to  the  cost  of  mill-constnictioa  lor  commercial  buildings,  with  an  averaff 
6.7%  for  various  localities  and  all  classes  of  buildings  in  the  United  Su 
The  increase  in  cost  of  structural-steel  fire-proof  oonstruction  over  retnfon 
concrete  construction  averaged  6.4%  for  fourteen  buildings  ol  all  rliwiTT 
various  localities.!  More  recent  comparisons  are  not  available,  bat  it 
be  safely  asserted  that  the  increased  cost  of  fi^e-proof  construction  oyer  n 

*  Fireproof,  for  Much,  June,  and  July,  1903. 
t  Proc.  Nat.  Fire  Piot.  Asso.,  1909. 
X  Proc  Nat.  Asso.  Cement  Users,  19x1. 
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oonstruction  and  onfinary  joisted  construction  is  less  than  indicated  by  tl 
figures. 

Diyistons  of  the  Subject.  In  constructing  fire-proof  buildings  it  is  nc 
sary  to  conader: 

(i)  Materials  to  be  used. 

(2)  Form  of  construction. 

(3)  Protecting  devices. 

(4)  ExtinguisJiing  appliances.  ' 

This  general  order  is  followed  in  the  discussion  of  the  subject  m  this  chap 

S.  Fire-ResistAnce  of  Materials 

Effect  of  Heat  on  Building  Materials.    AH  materials  of  construction 
more  or  less  injuriously  affected  by  high  temperatures.     Furthermore,  an  mc 
BUSTiBLE  material  is  not  necessarily  nRE-SESisTiifG,  as.  for  instance,  si 
The  value  of  various  materials  in  fire-proof  construction  is  indicated  in 
following  paragraphs. 

Bfickwork.  Common  brickwork,  when  of  a  good  quality,  will  stand  expcM 
to  severe  fire  for  a  considerable  length  of  time.  Experience  has  shown  I 
thick  walls  are  less  affected  by  heat  than  thin  walls,  and  Ihat  hard-bui 
bricks  stand  better  than  soft  or  underburned  bricks.  In  the  Baltimore  1 
San  Francisco  fires,  it  was  demonstrated  that  for  outside  walls  brick  is  supa 
as  a  fire-proof  material  to  any  other  material  used  in  wall-construction. 

Stone  in  General.  Very  few  stones  successfully  stand  the  action  of  sei 
heat,  and  consequently  stone  in  general  should  be  used  very  qiariiigly  in  1 
proof  buildings,  and  certain  kinds  of  stone  not  at  all. 

Granite  will  explode  and  fly  to  pieces  or  disintegrate  into  sand  when  expo 
to  flames. 

Limestone  and  Marble  are  usually  ruined  if  not  totally  destroyed  hy 
ordinary  fire.  They  are  the  least  desirable  of  all  stones  for  use  in  a  fiie-pi 
building,  and  the  granites  come  next. 

Sandstone  when  fine-grained  and  compact  sometimes  stands  fire  with 
serious  injury,  but  in  the  case  of  a  severe  conflagration  it  is  generaOy  so  ba 
affected  that  it  has  to  be  replaced. 

Terra-Cotta  is  made  from  clay  by  mixing  it  with  water  into  a  plastic  nu 
shaping  the  same  into  the  form  desired  and  baking  it  at  a  high  tempexatura 
kilns.  For  the  usual  structural  form  the  shaping  is  generally  done  by  fotd 
the  plastic  mass  through  a  special  die  by  means  of  machinery.  Omatncfi 
terra-cotta  must  generally  be  shaped  by  hand. 

Ornamental  Terra-Cotta.    This  material,  and  espeaaUy  that  which  has 
glazed  surface,  is  well  adapted  for  the  trimmings  of  a  building  that  is  intend 
to  be  fire-proof.    It  should,  however,  be  made  heavy  enough  to  carry  both 
own  weight  and  its  share  of  the  wall-load.* 

Structural  Terra-Cotta.  Terra-cotU,  as  used  for  floor-arches,  coluimn  « 
girder-protection,  and  for  building  light,  hollow  walls,  is  made  of  three  diffi 
ent  compositions,  the  material  being  known  as  Dense,  Porous,  and  Sa 
.POROUS,  according  to  the  method  of  manufacture. 

Dense  Tiling  is  made  fnim  a  variety  of  clays.    Some  manufactureis  u 
•  Krc  Prevention  and  Fire  Piotectkm,  J.  K.  Freitag. 
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or  lea  fiie-day,  and  combine  it  with  potter's  clay,  plastic  clays,  or  tough 

:-day.    It  is  very  dense  and  possesses  high  crushing  strength.    In  outer 

eqxwed  to  the  weather  and  required  to  be  Ught,  it  is  very  desirable.    Some 

lufacturers  furnish  it  with  a  semiglaced  surface  for  the  outer  walls  of  build* 

For  such  use  it  has  great  durability,  and  effectually  stops  moisture.    la 

dense  tilling  for  fire-proof  filling,  care  should  be  taken  that  the  tiles  are 

from  cracks,  sound,  and  hard-bumed. 

BoiRHis  and  Samiporont  Tarrm-Cotta  is  made  by  muring  sawdust  with  the 
br,  the  sawdust  being  destroyed  by  the  action  of  the  heat,  leaving  the  material 
it  iDd  porous.  A  small  proportion  of  fire-clay  mixed  with  the  plastic  day 
fdesirabJie  but  not  essential.  The  proportion  of  sawdust  should  be  from 
I  to  35%,  according  to  the  toughness  of  the  day  used.    Care  is  required  in 

process  of  manufacture  to  have  the  work  of  mixing,  drying,  and  burning 

done.    The  burning  should  be  done  in  down-draught  kilns,  by  a 

The  product  should  be  compaa,  tough,  and  hard,  and  should 

when  struck  with  metal.  Poorly-mixed,  pressed,  or  burned  tiles,  or  tiles 
Id  short  or  sandy  dasrs,  present  a  ragged,  soft,  and  crumbly  appearance,  and 
e  not  desirable.  When  properly  made,  porous  terra-cotta  will  not  crack  or 
{bk  from  unequal  heating,  or  from  being  suddenly  cooled  with  water  when  in 
kated  condition.  It  can  be  cut  with  a  saw  or  edge-tools,  and  naUs  or  screws 
k  be  easily  driven  into  it  to  secure  interior  finish,  slates,  tiles,  etc.  As  a 
bossful  beat-resistant  and  non-conductor  for  the  protection  of  other  materials, 
Bast  be  ranked  very  high. 

Sadpocoiis  TQing.  This  material  was  introduced  by  those  factories  which 
k  pore  fire-day  in  the  manufacture  of  tile,  to  enable  them  to  compete  with 
e  standard  porous  material  During  the  process  of  grinding  the  clay,  about 
%  of  ground  coal  is  mixed  with  it.  This  coal  aids  in  the  burning  of  the 
ikrial  and  also  makes  it  lighter  and  more  or  less  porous.  Tiling  made  by 
B  process  is  admitted  to  be  a  much  better  fire-resistant  than  the  solid  or 
■K  in»»p*iai-  £.  V.  JohnsoQ  says:  "personally,  I  beUeve  that  good  semi* 
IHB  fire-day  tile  b  fully  as  effident  as  a  fire-resisting  material  as  the  standard 
ikes  of  porous  terra-cotta." 

Streogth  of  Terra-Cotta.  (See,  also,  page  276.)  In  tests  made  at  Columbia 
ivesity  for  the  building  authorities  of  New  York  City  on  terra-cotta  blocks 
xn  from  material  delivered  in  the  open  market,  the  following  crushino 
tSfCXB  was  devdoped: 


Talde  II.    Cmshing  Strength  of  Terca-Cotta 


Description  of  material 


esuetile. 


fftwifitfuff  tile. 


Position  of  cells 

in  test 


Vertical 
Horizontal 

Vertical 
Horizontal 


Compressive  strength, 
lb  per  sq  in 


Gross  area 


1864 
585 

1  027 
257 


Net  area 


4721 
2613 

2168 
X  008 


he  inequality  in  strength  of  the  two  materials  can  be  overcome  by  using 
ker  webs  and  shelb  for  the  semiporous  or  porous  material.    In  the  matter 
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of  WEIGHT,  porous  and  semiporous  terracotta  have  the  advantage  over  ds 
tile.    Dense  tiling,  when  heated  and  cooled  by  water,  is  liable  to  crack  U 
the  sudden  contraction;   "blocks  with  two  or  more  air-spaces  are  very  lii 
to  have  the  outer  webs  destroyed  under  this  action.    Even  if  not  cooled  « 
water,  other  fires  have  shown  that  hard-burned  terra-cotta  will  crack  and 
to  pieces  under  severe  heat  alone. "  *    The  experience  of  the  recent  €x>nfla| 
tions  in  Baltimore  and  San  Francisco  fully  beam  out  this  statement.    1 
collapse  of  the  floors  of  one  of  the  buildings  in  Caltimoni  was  laigcly  doc 
the  weakening  of  the  terra-cotta  arches  by  reason  of  the  breaking  off  of 
outer  shells.    Porous  terra<otta  is  non-heat-conducting  in  itself,  and  the  1: 
qualities  will  usually  resist  fire  and  water  successfully;   but  if  the  product 
not  burned  at  a  sufficiently  high  temperature  to  consume  all  of  the  sawdust, 
throwing  of  cold  water  upon  the  heated  surfaces  will  cause  an  expansion 
disintegration  due  to  the  absorption  of  the  water  and  its  conversion  into  steal 
Porous  terra-cotta  absorbs  water  freely,  and  if  allowed  to  freeze  when  wd 
more  or  less  injured.    If  the  process  is  permitted  to  continue,  the  blocks  beca 
so  weakened  that  they  are  unsafe  for  use. 

Concrete  Blocks  and  Concrete  Tiles.!  Numerous  forms  of  building  bio 
and  tiles  are  manufactured  of  Portland-cement  mortar  or  concrete  for  usi 
substitutes  for  brick,  stone,  and  terra-cotta.  Concrete  blocks  are  made 
the  DRY  PROCESS  by  tamping  a  dry-concrete  mix  into  shape  in  forms,  or  by 
WET  PROCESS  which  consists  of  pouring  a  semiliquid  or  slttsh-icix  into  mc 
and  curing  the  product  by  air  or  steam.  A  third  method,  known  as 
PRESSURE-PROCESS,  is  similar  to  the  first,  mechanical  or  hydraulic  press 
being  substituted  for  the  tamping.  Concrete  hollow  tile  is  being  made 
the  same  uses  as  terra-cotta  tiling,  for  partitions  and  floors  in  general,  i 
for  enclosure-walis  as  well  as  for  partitions  in  residences.  For  urall-beaz 
purposes,  the  tiles  are  usually  filled  solid  for  a  layer  or  two  where  the  bes 
rest  upon  them.  In  hollow-block  construction,  distinction  should  always 
made  between  the  strength  of  the  blocks  when  laid  with  the  core-holes  verti 
and  when  laid  with  the  core-holes  horizontal,  as  the  strength,  in  the  lal 
position,  approximates  only  one  half  of  what  it  is  in  the  former.  The  specifi 
tions  of  the  .American  Concrete  Institute,  1917,  are  generally  accepted  as  ! 
best  practice  in  the  manufacture  of  concrete  blocks.  (See,  also.  Chapter  1 
page  2J3.) 

Concrete  Tile.  Concrete  building  tiles  have  been  used  for  residences 
Chicago,  111.,  Rochester,  N.  Y.,  and  the  suburbs  of  New  York  City.  1 
shape  and  size  of  the  blocks  vary  with  the  make  of  the  product.  In  size  1 
shape  they  resemble  terra-cotta  tile,  though  the  walls  and  webs  are  thid 
A  WET-PROCESS  tile  was  tested  by  the  Bureau  of  Buildings,  New  York  C3 
in  191 1,  and  showed  a  coin>RESsr\'E  strength  in  pounds  per  square  ia 
shown  in  Table  III,  page  817. 

The  Trout  Concrete  Tile  Corporation  of  Flushing,  N.  Y.,  has  developer 
method  of  making  hollow  tile  whereby  lightness  is  combined  with  strens 
The  Trout  tile  is  made  in  a  hydraulic  machine,  with  a  pressure  of  1 200  lb 
each  sq  in  of  net  area  of  the  tile.  While  this  pressure  is  being  a])plied,  1 
particles  of  concrete  are  automatically  moved  about  until  the  voids  are  fill 
and  the  result  is  a  dense,  hard  product  of  even  quality.  This  process  pem 
the  making  of  tile  with  thm  walls,  thereby  reducing  the  weight  to  a  minirav 
A  tile  8  in  high,  8  in  wide,  and  15^^  in  long,  with  two  cells,  and  with 

•  Fire  Prevention  and  Fire  Protection,  J.  K.  Freltag. 

t  The  subject  is  fully  treated  in  Concrete  Engineers'  Handbook,  by  Hoed  and  Jo 
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Dimensions  and  use 

C^lls  vertical 

Cells  horizontal 

>Bei^ 

Kind  of  tile 

Number 
of  cells 

a 

2 
2 

4 

2 

Gross 

area,  lb 
per  sq  in 

Net 

area,  lb 
per  sq  in 

Gross 

area,  lb 

per  sq  in 

Net 

area,  lb 
per  sq  in 

8 

10 

10 

I       X3 

I      8 

Wall-tile 
Wall-tile 
Comer-tile 
Wall-tile 
Wall-tile 
(Trout*) 

633 

510 

I  0x6 

X  510 
X  580 
I  050 
2588 

320 
351 

36^' 

746 

I  238 
1066 

\  *  ThMit  Tile  tested  by  Bureau  of  Buildings,  New  York,  in  1914. 

Id  nebs  I  in  thick,,  weighed  91.7  lb.  Its  compressive  strength  is  given  in 
k  last  line  of  Table  in. 

Conciete.  Stone  concrete,  under  the  action  of  heat,  is  affected  much  the 
fne  way  as  brickwork  The  heated  surface  expands,  and  as  the  concrete  is 
my  poor  conductor,  the  other  surface  remains  cool  and  either  cracks  or 
pBeswaipixii^.  The  heat  also  affects  the  strength  and  texture  of  the  concre^, 
RsiDg  a  disintegration  of  the  concrete  to  a  depth  of'  about  i  in.  Often  the 
■face  spalls  off  with  a  report.  If  water  is  applied  after  the  heat,  the  surface 
msfacd  away  to  the  depth  of  the  affected  part.  These  effects  vary  somewhat 
kh  the  stone  used  in  the  aggregate.  Siliceous  gravel  has  been  foimd  by  tests 
M  Jn  actual  fires  to  be  veiy  destructive  to  concrete.  Granite,  on  accoimt  of 
t  difference  between  its  coefficient  of  expansion  and  that  of  the  concrete,  is 
fdy  to  spalL  Limestone  calcines  under  the  action  of  heat  and  is  liable  to 
ttniction  for  some  depth  by  the  water.  Trap-rock  is  a  satisfactory  material 
use,  from  the  standpoint  of  fire-resistance  as  well  as  that  of  strength.  If 
KR  is  no  application  of  water  after  the  fire  and  the  surface  is  allowed  to  cool 
[gradually,  the  concrete  may  set  again  and  become  hard.  It  is  not  weU 
•eir-er,  to  rely  on  this.  (See,  also.  Chapter  III,  page  245,  for  the  effect 
brat  on  concrete  fireproofing.) 

Slsg  Concrete.  Blast-furnace  slag  has  been  used  as  the  aggregate  in  con- 
!te,  with  satisfactory  results  as  to  both  fire-resistance  and  strength.*  Care 
Bt  be  exercised  in  the  selection  of  the  slag.  K.  L.  Humphrey  says  that 
If  add  slag  should  be  used  and  that  it  must  be  "dense,  tough,  and  free 
n  sulphur/'  Sanford  Thompson  states  that  the  slag  must  be  "air-cooled, 
died,  screened  from  dust,  and  free  from  foreign  material,"  and  that  "excep- 
Bsl  care  must  be  used  in  proportioning,  mixing,  and  placing."  f 

Sader  Concrete.  Cinder  concrete,  because  of  its  porous  character  and  the 
iBie  ol  its  aggrQ;ate,  makes  an  excellent  fireproofing  material.  Tests  and 
;  aperienoe  o£  conflagrations  would  indicate  that  it  is  the  best.  Care  must, 
■ever,  be  taken  in  the  selection  of  the  cinders.  They  must  be  dean  furnace- 
dos^  free  ixoxn  unbumt  coal.    When  properly  selected  and  proportioned. 

Tor  a  aeries  ci  tests  and  description  of  materials,  see  pamphlet  issued  by  the  Carnegie 
i  Company,  19x1,  Furnace  %gs  in  Ccmciete.    See,  also,  Proc.  Am.  Soc.  for  Test. 
L,  1914.    A  full  discusskm  of  slag  coociete  is  published  in  tfae  Iron  and  Coal  Tndt 
(London),  for  Nov.  22  and  a9,  x9ift. 
Aecoffd,  March,  1917. 
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dnders  produce  good  concrete,  imt  generally  a  very  non-bomogeneous  mate 
is  obtained,  so  that  its  strength  is  variable  and  doubtful.  If  ground' 
machinery  before  mixing,  a  better  and  more  reliable  concrete  is  produc 
In  using  cinder  concrete  in  floor-construction  the  working  loads  are  senen 
determined  from  load*tests  and  a  high  factor  of  safety  is  used.  The  fon 
practice  in  New  York  City  was  to  take  one  tenth  of  the  SREAjciNCS-ijaAD 
the  WORKING  LOAD.  The  building  code  now  prescribes  a  formula  for  a 
puting  the  strength  of  dnder-concrete  floors,  within  certain  limitadons. 

Conosive  Action  of  CindeiB.  When  cinder  concrete  is  used  to  enc 
steel,  either  as  a  protective  covering  or  as  a  part  of  a  concrete  construction,  i 
corrosive  effect  of  cinders  must  be  guarded  against.  A  discusskm  of  t 
subject  will  be  found  in  Chapter  XXIV,  pages  960  and  961. 

Mortars,  FlasterB,  and  Plaster  of  Paris.  Mortar  and  plaster  must  nee 
sarily  enter  into  the  composition  of  all  masonry  buildings,  whether  built 
brick,  stone,  or  terra-cotta.  That  ordinary  lime  mortar,  when  well  made,  ^ 
endure  for  unlimited  periods  of  time,  in  dry  situations,  has  been  proved 
actual  use.  Hydraulic-cement  mortars  are  equally  durable  in  wet  or  dai 
places.  For  laying  brickwork  or  tilework  in  first-class  buildings,  cement-ai 
sand  mortar  is  preferable  to  any  other;  and  cement  mixed  with  lime  mod 
gives  greater  strength  than  lime  and  sand  alone.  Regarding  the  fire-pn 
qualities  of  mortars  and  plaster  compositions  there  has  been  much  oontroveii 
the  truth  of  the  matter  seems  to  be  that  all  such  compositions  will  ^thsta 
the  action  of  heat  up  to  a  certain  degree,  when  they  are  affected  in  one  « 
or  another,  depending  not  only  upon  the  composition  but  In  large  measure  up 
their  body,  and  upon  the  way  in  which  they  are  used.  Lime  mortar  for  «a 
was  formerly  considered  as  the  mpst  satisfactory,  so  far  as  fire-resistanoe 
concerned;  but  since  the  improvements  in  cement-manufacture,  cement  mod 
is  generally  preferred.  Lime  plaster,  applied  on  wire  lath,  will  withstand  a  l^ 
degree  of  heat  without  injury,  but  is  liable  to  be  washed  away  in  places  1 
streams  of  water.  Gjrpsum  plasters,  usually  termed  hard  wall-plasters, 
patent  plasters,  when  applied  to  brickwork  or  metal  lath,  are  superior  in  bei 
resistance  to  common  lime,  and  the  patent  plasters  will  stand  the  conibia 
effects  of  fire  and  water  longer  than  the  common  mortars. 

Plaster  of  Paris.  Compositions  of  plaster  of  Paris  (gypsum)  and  hrokt 
bricks,  wood  chips,  or  sawdust  are  non-conductors  of  heat  and  possess  fii 
resisting  properties  of  considerable  importance;  and  on  account  of  their  Hgl 
ness  and  cheapness,  are  often  used  in  fire-proof  or  semi -fire-proof  buiMini 
In  France  such  compositions  have  been  used  for  generations  to  form  oeiSn 
between  beams,  and  their  durability  and  fireproofing  qualities  are  tinquestioai 
in  that  country.  Plaster  of  Paris  compositions  when  subjected  to  severe  he 
are  softened  on  the  surface,  and  when  water  b  thrown  upon  them  they  wm 
away  to  some  extent. 

Asbestic  Plaster.  A  plaster  made  by  mixing  Asbestic  with  freshly  slacia 
lime-putty  has  been  used  to  some  extent  In  New  York  City.  Asbestic  is  nuH 
from  a  serpentine  rock,  mined  near  Montreal,  Canada,  and  contains  a  hu^ 
proportion  of  asbestos.  "Claims  of  great  fire-resisting  properties  are  made  fi 
this  material,  as  well  as  resistance  to  the  effects  of  water  during  fire;  ctactli 
and  discoloration  due  to  the  percolation  of  water  or  acids  are  also  claimed  to  1 
avoided.  The  plaster  is  tough  and  elastic,  and  it  will  receive  nails 
chipping  or  cracking.  The  weight  is  said  to  about  half  that  of 
cement  mortar."  Asbestic  was  subjected  to  a  severe  fire-and-water  test  I 
the  presence  of  the  officials  of  the  Supervising  Architect's  office  at  WaahingtaH 
D.C.,  "and  the  plaster  did  not  crack  or  drop,  but  remained  toUot.    All  4 
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fiOs,  ceQings,  and  coluans  of  the  appraiser's  waichouse  in  New  Yoric 

were  covered  with  a  coat  of  Asbeatic,  horn  H  to  ^  in  thick,  applied  on 

onaete  or  terra-cotta  sinfaoes.    The  great  objection  to  the  use  of  this 

Itioial  lies  in  its  slow  drying,  the  time  required  for  a  thorough  drying  out 

pBg  laiaUy  very  long."  *  ^ 

iibestDP-Prodocta.  Asbestos  fiber  combined  with  cement  is  manufactured 
(tliefonn  of  steam-packings,  corrugated  sheathings,  roof  coatings  and  shingles, 
d-boords  and  building-lumber,  insulating  sheathing  and  blocks,  asbestos 
Btter-curtains,  various  fonns  of  preservative  and  fire-resisting  compounds, 
ji  sobstitutes  for  wall-plaster  and  stucco.  The  value  of  these  products  lies 
Ithdr  low  heat-conductivity  and  incombustibility. 

Asi>est06  Biul(Ung  Lumber  is  made  in  standard  sheets,  42  by  48,  and  42 
1 96  in  in  size,  and  varying  in  thickness  from  H  in  (about  x  H  lb  per  sq  ft  in 
lilrt)  to  I  in  (about  lo^  lb  per  sq  ft  in  weight).  When  seasoned  it  is 
ider  than  ordinary  wood,  takes  nails  and  screws,  and  it  can  be  manipulated 
ik  heavy  tools  and  machinery  such  as  are  used  for  working  iron.  It  is  too  hard 
^ordinary  wood-working  tools.  It  is  sufficiently  elastic  to  withstand  ordinary 
intion,  expansion,  and  contraction  of  surrounding  parts,  wind-pressure,  and 
bvs;  and  in  large  pieces,  it  can  be  bent  around  slight  curves  without  splitting. 

ksbestos  Corrugated  Sheathing  is  corrugated  asbestos  building-lumber, 
Bioroed  with  sheet  steel  of  from  No.  24  to  No.  27  United  States  gauge,  or  with 
Ncn-wire  netting.  It  is  applied  in  the  same  way  that  corrugated  iron  is 
Hfied,  either  nailed  to  wooden  strips  bolted  to  the  purlins,  or  clipped  directly 
tke  purlins  by  dips  of  hoop-iron  or  wire.  It  comes  in  standard  sheets,  27^  in 
k  and  in  lengths  of  4,  5,  6,  7,  8,  and  10  ft. 

h^estoa  Roofing-Shingles,  suitable  for  wooden-roof  construction,  possess 
resisting  qualities  far  superior  to  wooden  shingles.  The  advantages  claimed 
ithdr  fire-iHx>of  qualities,  toughness,  elasticity,  and  lightness  in  weight;  ease 
aanqmiation,  cutting,  sawing,  and  shaping  to  fit  dormer  windows,  chimneys, 
.;  and  their  immunity  from  the  corrosive  action  of  salt  air.  The  principal 
qpajues  manufacturing  asbestos  building-products  are  the  Johns-ManviUe 
I9«ny,  New  York  City;  the  Keasbey  &  Mattison  Company,  Ambler,  Pa.; 
I  the  Asbestos  Manufacturing  Company,  Lachioe,  Canada. 

kh€tiMom  PiroceM  Metal  consists  of  steel  sheets  of  from  No.  26  to  No.  20 
ted  States  gauge,  enveloped  in  successive  layers  of  an  asphaltic  compound 
luaing  heavy  natural  oib,  an  asphalt-impregruited  asbesto»-felt,  put  together 
er  great  pressure,  and  a  patented  water-proof  ooating.  The  sheets  are  made 
tamgated,  or  beaded.  It  forms  an  incombustible  roofing,  siding,  sheathing, 
Btcrior-finish  material.  The  manufacture  of  thb  product  is  controlled  by 
H.  H.  Robertson  Company,  of  Pittsburgh,  Pa. 

tMl  and  Wnmght  Iroa.  Wrought  iron  and  steel  will  expand,  bend,  and 
I  under  a  moderate  degree  of  heat.  Inasmuch  as  a  temperature  of  x  700**  F. 
»t  minsual  in  fires,  these  materials  should  not  be  used  in  fire-proof  con* 
aion  iritlunit  proper  protection.  Fire  tests  at  the  Continental  Iron  Works 
^  allowed  that  improtected  steel  cohimns  under  load  began  to  fail  when 
cnperatnxe  reached  about  i  xoo°  F.f  In  the  Baltimore  and  San  Francisco 
theve  were  many  instances  of  failure  in  steel  columns  due  to  lack  of  or  to 
fcjfiit  protection. 

lat  Iroii.  "As  the  result  of  tests  and  actual  experience  in  conflagrations 
ly  be  stated  that  unprotected  cast  iron  can  stand  practically  unharmed  up 

*FreiUg. 

t  Sec  EngiiiMering  News,  Aug.  6, 1896. 
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to  temperatures  of  1 300  or  x  500**  F.  while  carrying  very  heavy  loiads,  even  m 
frequent  applications  of  cold  water  while  the  metal  is  at  a  red  heat.'**  In., 
tests  at  the  Continental  Iron  Works,  referred  to  in  the  preceding  para^rrapl 
temperature  of  nearly  1 300°  F.  was  reached  before  the  cast-iron  columns  bcgai 
fail.  The  contents  <4  most  mercantile  buildings,  when  burning  freely,  ymi 
probably  generate  a  heat  exceeding  at  times  a  000^  F.  Consequently,  cast-i 
columns,  when  unprotected,  are  almost  sure  to  fail  in  such  a  fire  either  by  be 
ing  or  breaking.  No  building  in  which  unprotected  iron  or  steel  columns 
used  can  be  considered  fire-proof;  but  in  many  classes  of  buildings  unpcotec 
cast-iron  columns  might  safely  withstand  any  heat  to  which  they  would  probi 
be  exposed.  From  a  fire-resisting  point  of  view,  when  there  is  no  protect 
covering,  cast-iron  colunms  are  unquestionably^referable  to  steel  rf^Wimnf^, 

Fire-proof  Wood.  To  meet  the  requirements  of  certain  provisions  of 
New  York  City  Building  Code,  an  attempt  has  been  made  to  produce  fire-p 
wood.  The  processes  for  rendering  wood  fire-proof,  in  general,  consist  in 
pregnating  its  fibers  with  certain  chemicals.  After  the  fireproofins-pctN 
the  lumber  should  be  thoroughly  kiln-dried  before  it  is  used.  The  soft^wc 
are  more  easily  thoroughly  treated  than  the  hardwoods,  the  resinous  wt 
being  particularly  difficult  to  handle. 

"The  treatment  of  the  wood  to  render  it  fire-proof  slightly  raises  the  Igmt 
point  of  the  wood.  The  treated  wood  is  harder  to  light  than  the  untm 
wood,  taking  two  to  three  times  as  long  to  ignite.  The  amount  of  wood  destxv 
when  exposed  to  the  action  of  a  flame  is  from  5  to  12  per  cent  greater  in 
case  of  an  untreated  wood  than  in  the  case  of  a  treated  wood.  The  untiei 
wood  furnished  more  flame  than  the  treated  wood.  The  untreated  vtrood 
sustain  flame  longer  than  the  treated  wood  after  the  source  of  heat 
been  removed.  From  this  it  can  be  seen  that  the  fire-proofed  ^vood  is ' 
likely  to  ignite  and  less  likely  to  cause  the  spread  of  fire  than  the  iintni 

wood."t 

Among  the  disadvantages  of  fire-proof  wood  should  be  mentioned  an  increi 
difficulty  in  working  the  wood,  and  a. tendency  to  dull  woodworking-tools  it 
rapidly  than  with  untreated  wood.  Hence  an  increased  cost  in  the  use  of  I 
proof  wood.  The  salts  used  in  the  process  of  fireproofing  beinj;  hygrosod 
tend  to  keep  the  woodwork  damp.  Hardware  or  other  metalwork  in  <xm 
with  fire-proofed  wood  is  liable  to  corrode.  The  strength  of  the  wood  is  d 
affected,  and  in  some  cases  the  wood  becomes  quite  brittle.  These  two  { 
mentioned  faults  can  be  largely  overcome  by  neutralizing  the  firepiad 
solution  by  a  proper  mixture  of  add  and  alkaline  salts. 

The  test,  known  as  the  timber-test,  applied  to  fire-proof  wood  in  Mew  1 
City,  consists  in  pladng  a  stick  of  the  treated  wood,  ^  by  i  ^  in  in  crosfr-sec 
and  8  in  in  length,  for  two  minutes  over  a  crudble  gas-furnace  in  wiiich  a  i 
stant  temperature  of  1 700°  F.  is  maintained;  then  removing  the  test'iil 
noting  the  time  it  continues  to  flame  and  glow;  and  then  scrapini^  awayl 
charred  wood  and  determining  the  percentage  of  unbumed  wood.  The  < 
ditions  of  acceptance  are  that,  "the  flame  and  glow  should  disappear  wjj 
ten  to  twenty  seconds  after  the  removal  of  the  test-piece  from  the  fumaocLJ 
the  unbumed  and  uncharred  section  at  the  center  of  the  specimen  sho  " 
not  less  than  50  to  70  per  cent  of  the  original  cross-section,  depending 

variety  of  wood  under  test."    If  the  wood  has  been  thoroughly       

splinter  of  it  after  having  been  exposed  to  flame  and  withdrawn,  will  | 

•  Freitag.  J 

fSec  Insurance  Engineering,  Vol.  IV,  page  551;  also  Professor  Xorton's  A 
No.  X  to  tht  Boston  Manufacturers'  MiUual  Fire  Insurance  Company. 
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^w  or  flame.  Otlier  tests  have  been  suggested  and  used  but  need  not 
fcscribed  here. 

nfe-Glass.  The  introduction  of  this  material  has  made  it  possible  to 
le  fire-protection  in  many  cases,  without  the  necessity  of  disfigurement  due 
R-shutters.  Wire-glass  is  either  kibbed,  rough,  icaze,  cobweb,  or  polished 
rz,  with  wire  embedded  in  its  center  during  the  process  of  manufacture. 
The  temperature  at  which  the  wire  is  embedded  in  the  glass  insures  ad* 
on  between  the  metalUc  netting  and  the  glass,  and  the  two  materials  become 
and  inseparable,  so  that  if  the  glass  is  broken  by  shock,  by  intense  heat,  or 
I  other  cause,  it  remains  intact."  It  is  this  property  of  remaining  intact 
gives  it  its  fire-retarding  qualities.  Although  fire  and  water  may  cause 
b  to  sprcAd  throughout  the  glass,  the  wire  holds  the  pieces  so  firmly  that 
es  cannot  pass  through  it.  Many  severe  tests  during  actual  fires  have 
dvdy  demonstrated  the  truth  of  the  above  claim.  For  warehouses  and 
iries  the  kibbed  or  maze  glass  is  generally  preferable;  but  for  offices,  or 
Tver  dear  transparent  glass  is  de^red,  the  polished  plate  is  nearly  if 
loite  as  acceptable  as  the  same  glass  without  the  wire,  the  effect  being  the 
i  as  that  obtained  by  looking  through  a  window  with  a  screen  on  the  out- 
Where  fire-resistance  is  the  desired  featiu^,  the  following  requirements 
Id  be  satisfied.  The  thickness  of  the  plate  at  the  thinnest  part  should 
4  less  than  }i  in,  and  the  phme  of  the  wire  mesh  should  be  midway  between 
wo  surfaces  of  the  glass.  No  wire  should  be  smaller  than  No.  24  Brown 
lazpe  gauge.  The  unsupported  surface  of  the  glass  should  not  exceed 
q  in  in  any  case  and  should  be  contained  in  a  metal  frame  not  larger  than 
9  ft  between  supports.  The  chief  manufacturers  of  wire-glass  in  this  coun- 
ire  the  Pennsylvania  Wire  Glass  Company,  Philadelphia,  Pa;  the  Mis- 
fa  Wire  Glass  Company,  New  York;  the  Western  Glass  Company,  Streator, 
lod  the  Kghland  Glass  Company,  Washington,  Pa.  As  now  manufactured 
r  continuous  process,  it  is  rolled  in  lengths  up  to  about  10  ft  and  in  thick* 

s  up  to  Vi  ^• 

am  Glass.  Prisms  installed  for  the  purposes  of  increased  light  are  usu- 
lot  cootalned  in  frames  which  are  designed  to  withstand  severe  heat. 
ifimensions  of  the  unsupported  electro-glazed  panel  should  not  exceed 
in  eitber  direction.  The  polished  plate  in  prism-glass  units  should  not 
i  4  in  in  either  direction,  with  a  minimum  thickness  of  M«  in.  In  Report 
I  of  the  Insurance  Engineering  Experiment  Station,  C.  L.  Norton  describes 
s  of  (x>mparative  fire-tests  on  electro-glaaed  Luxfer  prisms,  0.35  in  thick 
in  square;  electro-glazed  plate,  H  in  thick  and  4  in  square;  and  >^-in  wire- 
The  results  of  these  tests  indicate  that  the  three  materials,  in  sheets  up 
by  30  in,  are  of  equal  value  in  fire-resistant  properties  and  remain 
ctive  operation  up  to  the  time  when  the  temperature  of  melting  glass  is 
d.     (See,  also^  page  1578.) 

Hproof  Paint.  Numerous  so-called  fire-proof  paints  have  beenin- 
sd  in  recent  years.  When  applied  to  woodwork  they  provide  a  more  or 
fective  protection  against  fire  and  may,  for  this  reason,  prevent  the 
!  of  fire.  The  following  regulations  regarding  fire-proof  point  were 
in  the  «"""al  report  of  the  Manhattan  Bureau  of  Buildings,  New  York, 

The  term  tire-proof  paint  shall  be  understood  to  mean  any  prepara- 
led  to  cover  the  suriaces  of  wood  or  other  materiab  for  the  purpose  of 
dng  the  same  against  ignition. 

Xo  fire-proof  paint  will  be  considered  satisfactory  unless  it  so  protects 
od  or  other  material  to  which  it  is  applied  that  the  same  will  not  flame 
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or  glow  after  having  been  subjected  to  the  flame  of  a  gaaoKiie  torc^  for  1 

minutes. 

"  (3)  Before  applying  fire-proof  paint  to  any  material  the  surfaces  must 
cleaned. 

"  (4)  Application  of  fire-proof  paint  must  be  repeated  whenever  it  is  foi 
that  the  material  to  which  it  is  applied  is  no  longer  protected  to  fulfill  Spo 
cation  No.  a." 


S.  Colttmn-Protectioii 

Girder  and  Column-Protection.  As  the  columns  and  girders  of  a  buiU 
form  the  back-bone  of  the  structure,  it  is  of  vital  importance  that  they  be  v 
thoroughly  protected  from  heat.  As  a  rule,  the  manner  of  protecting  tl 
structural  elements  depends  quite  largely  upon  the  floor- system  adopi 
Where  concrete  is  used  for  the  floor-construction  it  is  generally  also  empkj; 
for  incasing  the  columns  and  girders;  where  hollow  tile  is  used  in  the  floors, 
same  material  is  almost  invariably  employed  for  protecting  the  steel  fra 
The  methods  used  for  protecting  girde.s  are  described  in  Subdivision  4.  ai  1 
chapter.     (See,  also,  pog-s  780  to  782.) 

Necessity  for  Column-Protection.  It  is  now  generally  recognized  that  1 
and  steel  columns  should  be  incased  with  some  material  that  will  thoroughly  ] 
tect  the  metal  against  fire.  In  1S96  a  committee  of  the  American  5)ociet; 
Mechanical  Engineers,  in  conjunction  with  representatives  from  other  av^aiii 
tions,  made  a  series  of  fire- tests  on  full-sized  unprotected  cast-iron  columns  i 
steel  columns,  loaded  to  their  figured  safe  capacities.  These  tests  showed  t 
the  steel  columns  failed  at  an  average  temperature  of  1 150**  F.,  and  the  o 
iron  columns  at  an  average  temperature  of  x  300°  F.,  the  failure  settiofr  in  a; 
an  exposure  to  the  fire  of  from  23  minutes  to  x  hour  and  20  minutes,  or 
average  duration  of  about  50  minutes.  In  order  to  determine  the  -•-  lue 
several  materials  as  satisfactory  protective  coverings,  the  Bureau  of  Builds 

Table  IV.    Testa  of  Protective  Coveringi 


Materials  under  test 

Temp. 
on  face 
of  pro- 
tective 
material, 
degrees 
Fahr. 

Temperature  of  plate  aX 
back  of  protective  xxiateriai 
degrees  Fahr. 

Before 
heating 

Aft^r 

heating 
for  2  hr 

Hea* 

missia 

Terra-cot ta:  dense,  hollow,  2  in  thick.. 
Terra-cotta:     semiporous,  solid.  2  in 
thick 

I  700 

1  700 

I  700 
X  TOO 

X  700 
I  700 
1700 
X  700 

7S 
73 

69 

70 

72 
73 
66 
76 

223 

244 

tS9 
i<«3 

363 
24a 
396 

X49 

Plaster  of  P&ris  and  shavings.  2  in 
thick 

Plaster  of  Paris  and  asbestos.  2  in  thick . 
Plaster  of  Paris,  wood  fibers,  and  in- 
fusorial earth.  2  in  thick 

^ 

Concrete  of  ground  cinders,  iM«  in 
thick 

Cinder  concrete,  on  metal  lath,  2  in 
thick 

^■^B^^M 

Metal  lath  and  mtent  plaster,  about 
H  in  thick  over  x  in  air-space 

aa» 

C(riumn-Pn*tectioii 


I  York  City  made  a  Kries  of  tests  on  ..  . 
Us.  A  casl-iinnpbtenneredwitfalhenuterial  under  test  was  subjecUd 
rapcntoie  of  i  700°  F.  (or  two  houis  over  >  CnKlble  funace,  ud  the 
jtk  plate  noted  at  regular  tntenrab  of  tlnw.  The  resuhs  of  the  teslt  an 
in  TaUe  IV  on  ftigt  Sii. 


.    HoUow-tik  Prateclioa.    Flatc^od-angle         Fig.  3.    Ribbc 

C<duinii  Cylindrir 

i-C«tta  Colttmn-Pratectian.  Fig.  1  shows  the  nuuiner  in  irhich  built- 
UDS  are  protected  in  the  best  dais  of  fire-proof  buildings  Hhea  tile  tire- 
E  is  used-  figs.  Z,  3»  and  4  show  coDunon  methods  of  protectiiig  cylio- 
xihmuu,  and  Figs.  5  and  S  columns  of  lectangular  cross-section.  The 
aid.  shown  in  Jig.  1,  ia  often  emjJoyed  in  mercantile  and  manufacluriDi 
{S.  and  put  on  to  a  height  of  4  or  s  It  above  the  Boor.  The  eSdency  of 
kstmction  is  greatly  increased  by  wrapping  the  columnB  wfth  win  btV 
liaslering,  although  It  is  not  a  common  prsctice  To  insure  the  protec- 
the  metAl  under  the  most  trying  conditions,  it  is  imperative  that  the 


FirepToo&Dg  of  Buildings 


Clup 


protective  oovcring  thall  not  be  det»ched  by  the  streams  fmni  the  Grea 

hose,  uid  thus  eipuae  the  steel.    This  can  be  poMtively  guarded  against . 

by  using  two  l*yeis  of  tiling  or  concrete  and  wr«piMQg  the  inner   layer  ■ 

met»l  Uthing.    Fig.  7  shows  >  column  protecwd  in  this  way,  the  coostnx 

bdng  essentially  that  adopted  in   the  Fait  Building    in  Chicago.   IlL 

inner  layer  of  tilet  it  viapsted  with  wire  lath  embedded  in  the  mortar,  am 

spaces  betwecD  the 

and    metal     arc    f 

solid  with  cement  I 

Concreta  Cots: 
Protection.  W 
concrete  is  to  be  < 
tor  CDlumn-proted 
the  way  to  obtain 
mostefficieot  cumt 
tjon  is  iindoubtecB 
surround  the  metal' 
dnder  concrete,  pa 
inside  of  a  plank  I 
Mt  around  the  coll 
a  coat  of  liqiiid  at 

a  brush  to  the  m 
The  plank  form  ^ 


ouble-Cib  and  UMal-lUh  CaIuioD-pn>t«ti(n 


lade  of  the  metal.  It  is  generally  conceded  that  this  forms  one  of  the  I 
efficient  hre-cadngs  for  columns,  and.  in  addition,  lends  added  stiSness  la  thei 
members  embedded  in  it.    It  it  advisable  to  reinforce  the  concrete  or  anchor  i 
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v>  if  DcUl  htli  to  tbe  ited  cotunia.  Tbcre  ue  two  geaeni  methodi  in 
■  ippljriiig  the  concrete.  Fig.  8  illaitrates  ■  cdIiudd  which  ia  fint  wrapped 
d)'  with  Ko.  lo  gauge  galvuiized  win,  ii  in  on  ceaten,  to  ifiord  e  key 
the  rancnte.  The  wood  lonos  tit  pUcrd  the  full  length  of  the  column, 
the  concrete  poured  from  a  hole  in  the  ceiling  above.  A  slush-miiture  of 
iiiidn'ai' none  concrete  of  1:1:5  mix  may  beuied.  fig.  9  shows  a  form 
■gh  boarda,  made  in  aectioos  fnnn  4  to  6  ft  io  lenglfa  and  provided  with 
I  at  each  cimI.  The  concrete  may  be  thoroughly  tamped  about  the  cohmm 
■cfa  lection  b  placed  and  filled.  Fig.  tO  shows  a  method  of  furring  the 
01  with  (tiSened  wire  lath,  which  lervea  as  a  substitute  lor  the  wooden 
I  and  at  the  same  time  anchora  the  concrete  to  the  slecL    A  linular 


tc  Colninn-protectkiii.       Fig.  11.    Metd-Uth  and  Plutet  CDtuinn.pn 
Lb  Fuiring  ttctioa 

I  may  be  employed  to  obtain  an  air-space  by  placing  immediately 
the  column  an  envelope  of  metal  Utb  with  a  i^  Uya  ol  concrete, 
y  biuldinff  witli  reinforced  concrete  floors,  the  columns  are  protected 
iiy  plaster  on  meUl  lath.  When  only  a  single  covering  is  provided, 
itectioz]  cannot  properly  be  consdered  fiir-proof;  but  when  two  cover- 
!  provided,  as  in  Fig.  11,  Ihey  aie  probably  all  that  is  necessary  lor  cast 
hunno.  The  greatest  defect  in  lath  and  plaster  for  fireprooGng  ia  that 
aer  is  liable  to  be  dislodged  by  the  force  of  the  water  (torn  the  firen-.en's 
Witm  there  are  two  coverings,  however,  this  clanger  is  reduced  to  a  mini- 
(See,  >l90.  Chapter  XXII,  Figs.  23,  24,  and  25.) 

•r  Colnmii-CoTMini.  Plister-blocks  have  been  used  in  buildings  as 
a-covering.  but  their  use  is  not  to  be  recomracnded.  While  it  is  true 
ar  NON-comiUCTIviTV  is  in  their  favor,  it  is  difficult  to  secure  them 
They  arc  easily  washed  away  by  hose-atreams  and  subject  to  greater 
than  other  materials.  In  unimportant  work,  their  cheapness  may,  at 
utify  thejr  use. 

ction  of  Coan«ctlona  botwaaD  Column*  and  Girders.  The  most 
•  puts  of  the  coverings  of  coliiqins,  whatever  the  materials  used,  are 
'  those  about  the  connections ,  with  the  beams  and  girders.  Concrete 
ediy  is  better  adaptedior  covering  these  parts  of  the  column  than  any 
Lterial.  fcecaiue,  being  elastic,  it  can  be  made  to  fit  iota  any  space  and 
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Th«  C«llMilt-ODa.  During  recrnt  yesn,  ■  new  method  erf  P'o'f^ 
structural  itcel  by  maiu  of  tlic  otuem-orH  has  been  iDtroduced.  Ttdil 
consiEts  eucntially  of  two  niperimpoud  tanks,  forming  two  cotniMrtiM 
fiODi  the  boltom  oi  which  *  dry  miiture  o[  mud  and  cement  u  ejected  by  g 
pretiaed  air  throu^  a  hoac-liue  with  a  no^alc  at  the  end.  To  this  imale  a  ttm 
bate  delivers  a  supply  of  water  under  pressure,  which  is  appbed  to  the  diy4 
stltuents  just  before  they  emeigs  ln>m  the  noLztc.  The  mortar  iaauing  iK 
lona  uf  B  spray  shoots  out  from  the  noult  with  coaaidcnUe  force  andn 
[vnges  on  the  surface  of  the  steelwork.  The  columns  of  the  fifty-&vo4l 
Woolworth  Building  in  New  York  City  are  provided  with  a  lii-itk  costiq 
cement  murtai  applied  in  this  way,  and  coated  on  the  outside  with  at 
thickness  of  terra-cotu.  The  steelwork,  also,  of  the  new  Grand  Central '. 
minal  Buildings  in  New  York  City  are  protected  with  a  3-in  coat  of  col 
mottar  or  Gunnite.  By  this  means,  inaccessible  comers  are  readily  prota 
without  the  use  of  fonns.  Tests  have  shown  that  Gunnite  is  superior  in  Itf 
and  compresrive  strength,  permeability,  absorption,  porosity,  and  adheaiW 
good  band-made  products  of  the  same  kind.* 

Sec«aaet  for  npei.  "As  a  matter  of  economy,  both  in  original  cost 
in  the  matter  of  space,  it  has  been  the  common  practice  to  nin  «rater-(ri 
wasteipipes,  and  veDt-|»pes  immediately  alongside  the  steel  columns  and  in 
the  fire-resisting  (iaveting."t    This  is  undoubtedly  bad  conitniction,  aa  Fi« 


Fu>.  It.    TSe  Ddonm-iinitcctkia  with  P^        Fic    13.    Coaerete    Cohuno-pi 
space  tion  with  Pipe-spue 

illustrates  by  explainlDg  its  disastrous  results  in  recent  conflafratioiu:  ai 
the  better  types  ol  Gre-proof  buildings,  the  pipe-q>ace  is  now  separated  ftno 
columns  by  the  fireproofing.  Fig.  12  shows  a  method  of  running  the  | 
in  some  fiie-proof  buildings,  and  it  is  probably  as  sali^actoiy  as  any  am 
ment  in  which  the  [»pcs  are  to  be  run  beside  ttie  columns.  Fig.  13  sba 
somewhat  similar  method  in  which  concrete,  melal  lath,  and  pl'M-r  aie 
ployed  for  the  fireproofing. 

4.    Fire-pioof  Flooi-CoiiMnctlaii 

Kte-proof  Floor*.  In  the  study  of  fireproofing- materials  by  tar  the  | 
est  attention  has  been  given  to  rLOOS-coNSiaticnoM;  and  ot  tbe  very 
number  of  types  which  have  been  developed,  the  characteristic  and  le 
ones  are  bete  considered. 
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toqoimBeiiti  for  a  Wi»-proof  floor.  It  goes  without  saying  that  a  fire- 
tf  floor  must  be  made  of  inoombustible  materials.  It  seems  unnecessaiy, 
t  to  mention  that  it  must  resist  as  miich  as  possible  the  transmission  of 
^  so  as  to  afford  thoxoogh  protection  to  the  metal  incased  by  it  or  forming 
aB»daJ  part  of  it.  The  materials  used  should  not  disintegrate  or  otherwise 
viKn  exposed  to  heat  or  flame.  They  should  also  resist  the  action  of  water 
may  be  used  to  extinguish  a  fire.  The  floor-construction  should  be  essen- 
r  water-tight,  so  as  to  prevent  damage  by  water  in  stories  below.  It  should 
earned  to  safely  cany  its  load  at  all  times.  The  New  York  City  Building 
i  describes  certain  acceptable  forms  of  fire-proof  floors,  but  also  provides  for 
U3oeptance  of  other  forms  which  successfully  meet  the  prescribed  fire  and 
gth  tests.  Fully  eighty  tests  have  been  made  under  the  auspices  of  the  New 
Qty  authorities  and  these,  together  with  a  few  made  by  the  authorities  of 
-  dties^  comprise  practically  all  that  have  been  made  in  this  country.    The 

ih  Fiie-Prevention  Committee  of  London  bas  also  made  a  number  of  such 

• 

«  T«stB  for  yioors.  The  standaiu)  fire  test  of  the  American  Sodety 
esting  Mateiialst  is  essentially  the  same  as  that  reqidred  by  the  New 
City  Building  Code  and  as  the  one  used  by  the  British  Fire  Prevention 
nittee.  Briefly,  the  New  York  test  consists  in  subjecting  the  floor  in  ques- 
arrying  a  kad  of  150  lb  per  sq  ft,  to  a  fire  maintained  at  x  700*  F.  for  four 
;  and  then  in  applying  a  stream  of  water,  at  6o-Ib  nozsle-pressure,  for  ten 
es^  the  floor  being  considered  satisfactory  if  there  has  been  no  appreciable 
oration  due  to  the  test  and  if  it  has  resisted  the  passage  of  flames  during 

St. 

fern  mt  Floor-Constructioiis.  In  considering  the  several  systems  of  floor- 
action^  tliey  are  for  convenience  divided  into  the  following  types  or 
c 

(i)  Bride  arches, 

(2)  Terra-Gotta  or  tile  floors: 

a.  Segmental, 

b.  Flat  side-construction^ 

c.  Flat  end-construction, 

d.  Rdnforced-tile  arches, 

e.  Guastavino, 
[$)  Concrete  floors: 

a.  Segmental, 

b.  Flat  reinforced  floors, 

c.  Sectional  systems, 

4)  Gypsum  floors, 

5)  Metal-lumber-Gonstruction. 

FlocKT-Arches.  The  first  attempt  at  fire-proof  floor-construction 
wro«ish.t-iron  beams  was  made  by  using  bkick  arches  sprung  between 
OS  and  resting  on  the  bottom  flanges,  as  illustrated  by  Fig.  14.  When 
a  of  cxxistruction  is  used  the  bricks  should  be  bard,  well-burned  bricks, 
¥  bricks  of  good  shape,  Idd  to  a  line  on  centers  without  mortar,  with 
per  edges  touching;  and  all  the  joints  should  be  filled  in  with  cement 
rbe  bricks  of  one  line  should  break  joints  with  those  of  the  next  adjoining, 
ise  tfaexe  is  more  than  one  row,  the  joints  of  one  row  should  also  break 

of  these  tests  made  in  the  United  States  and  in  London,  see  Proc.  Am. 
Mats.,  Vol.  VI,  page  128. 
Book.  Am.  Soc.  Test.  Mats. 
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iaaU  with  tbou  of  the  row  above  or  below.  The  arcbei  need  not  be  over  4 
thick  for  ipans  between  6  and  &  ft,  provided  the  haunches  are  bUed  with  a  p 
oement  lod  gravel  concrete,  put  in  rather  wet.  The  use  at  the  arch  ibo 
be  about  one^ishth  the  span,  or  iM  in  to  the  foot;  and  tbe  moM  dcsAblc  « 


Fio.  If.    : 

is  between  4  and  6  ft.  The  building  laws  of  many  dlies  provide  that  wrben 
■pans  exceed  j  [t  (he  arches  must  be  increased  in  thickness,  generally  to  S 
The  BAUNCHES  should  be  tilled  with  concrete,  level  with  the  top  of  the  ai 
In  firat-dass  fire-ptoof  construction  the  bottom  flanges  of  tbe  beams  shoulii 
ptoteOed  by  tciia-cotta  sitewBACCS,  as  in  Fig.  15  which  shows  the  ooosuua 


Fia.  IJ.    Brick  Floor^cch.    Covenuiwnl  Priodng  Office,  Wasblostoo,  D.  C. 

used  tor  the  floors  of  the  principal  stories  o(  tbe  Govemment  Printing  O^ 

Washington,  D.  C*  A  4-in  brick  arch  ol  S-ft  span,  well  grouted  and  Icvele 
with  Portlant-cement  concrete,  should  safely  carry  300  or  40a  ib  to  the  sq 
foot.  Experiments  iiave  ^own  that  brick  arches  will  stand  very  severe  no 
ing  and  a  great  amount  of  DerLF.cnoH  nilhout  failure.  The  weight  of  a  1 
such  as  is  shown  in  Fig.  14.  is  about  40  lb  per  sq  ft,  witboijt  the  conctvte  i 
finish.  Tl£-AOTis,  as  described  on  pose  S65,  should  always  be  provided, 
brick  arch  is  the  strongest  type  of  arch  for  tbe  span  it  occupies,  witb  the  a 
tion,  perhaps,  of  tbe  stane-coticrete  arch.  It  is  perhaps,  t\xi,  the  most  expen 
Its  weight  necessitates  a  heavier  framework  than  is  required  for  other  t; 
and,  on  account  of  its  appearance,  it  is  adapted  only  lo  buildings  o(  the  waid 
type, 

Terra-Cotta  or  Tile  Floor-Archoi.  Terha-coita  or  tile  as  «  Sren 
material,  and  the  relative  merit  of  dense,  porous,  and  semiporous  tile  have 
discuued  on  page  815,  For  tlour-const ruction  the  semiporous  tile  is  pnd 
the  best  as  it  is  a  compromise  between  the  advantages  and  diMdvaatages  t 
dense  and  porous  tile,  particularly  as  to  strength  and  fire-tesstancc      Ax 
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doo  fMge  S27,  five  differeiit  types  of  tora-ootta  floor-constniction,  ineludiDg 
qer  wnber  of  iy«tema»  will  bediacuned.  For  these  a  great  variety  of 
Ks  and  sun  of  blocks,  of  the  dense,  porous,  and  senuporous  material/are 
ifactmed  in  this  country.  The  larsest  company  devoted  to  the  manu- 
ae  and  erection  of  hoUow-tile  fiieproofing-material  is  the  National  Fire 
ifing  Company,  New  YotIl  and  Chicago.  Another  huge  company  is  Henry 
itr  k  Son,  New  York.  Any  one  of  the  large  companies  can  make  any 
i  d  bfecks  desired,  except  such  as  are  covered  by  letters-patent,  and,  as  a 
they  can  make  them  in  dense,  porous,  and  aemiporous  mateiiaL 

lfialBg«s  of  THe  Floor-AfchM.  Many  architects  prefer  the  use  of 
A-coTTA  ARCHES  in  buildings  because  the  setting  of  them  causes  less  dia* 
ince  to  the  mechanics  of  other  branches  of  the  construction.  During  the 
Dg  of  CONCRETE  ARCHES  the  oontinuftL^-dappiiig  of  water  and  bits  of  con- 
interferes  seriously  with  other  worjp.  The  work  of  installing  tile  arches 
lerally  more  rapid  than  for  other  types  and  it  is  not  necessary  to  wait  for 
to  dry  out.  The  quality  of  terra-cotta  can  be  readily  judged  from  its 
trance,  not  only  before  it  is  put  in  place  but  also  after  it  is  set.  Thus  it  does 
equiie  the  constant  supervision  necessary  for  materiab  that  are  mixed 
y  are  put  in  place. 

MdvmtRgM  of  Tile  Floor-Archet.  The  principal  disadvantagb  or 
MtcHES  for  floor-construction  is  the  difficulty  of  adapting  any  system  to 
lling  of  irregular-shaped  spaces.  The  arches  must  be  set  between  I  beams 
inneb,  and  to  get  the  best  effect  the  supporting  beams  must  be  parallel  or 
r  SO.  Tile  arches,  especially  of  the  ENiMX>NSTRUcnoNS,  are  weakened 
by  boles  for  pipes  than  are  the  monolithic  floors.  As  there  is  no  bond 
en  the  rows  of  tiles  in  the  end-construction  arch,  if  a  single  tile  in  a  row 
out  or  omitted,  there  is  nothing  to  hold  up  the  remaining  tiles  in  the  row 
:  the  adhesion  of  the  mortar  in  the  side  joints.  In  this  respect  side- 
i>  ardbes  have  an  advantage  over  the  end-constrtjciion.  Where  it  is 
axy  to  use  considerable  concrete  filling  over  the  arch  the  weight  of  the 
oDstniction  will  usually  greatly  exdeed  that  of  the  concrete  systems,  and 
iditional  wdght  means,  also,  additional  expense.  The  floor-blocks  are 
o  breakage  and  chipped  blocks  in  the  floor  are  not  unusual. 

wctkMi  of  Floor-Arches.  Flat  arches  of  hollow  tile  require  dose  xnspec- 
uciiig  erection  to  see  that  broken  or  imperfect  tiles  are  not  used;  that 
a  in  Ein>-<x>NSTRUcnoN  tiles  abut  opposite  each  other;  that  all  joints 
pesiy  mortared  and  that  all  of  the  steelwork  is  properly  protected.  Much 
orkmaxi^p  has  been  allowed  to  pass  in  order  to  avrnd  delay,  and  also 
*  it  cannot  be  discovered  until  the  centering  is  removed.  A  tik  arch 
ly  looks  better  on  the  top  surface  than  it  does  on  the  bottom.* 

Iffg  of  THo  Floor-Arches.  Tile  arches  are  always  set  on  wooden 
s  suspended  by  bolts  hooked  over  the  tops  of  the  I  beams.  For  all  spans 
and  over,  the  centers  should  be  slightly  cambered.  Before  any  floor- 
Bie  set,  all  girders  projecting  below  floor-beams  should  be  completely 
on  the  bottcMn  and  sides,  independently  of  the  floor-construction.  To 
the  steel  from  rust  it  should  have  a  good  coat  of  Portland-cement  mortar 
he  tiles  are  applied.  After  the  oentera  are  in  place  the  beam-tiles  should 
d  uncfer  the  bottom  of  the  beams  and  mortar  slushed  on  the  sides.  The 
des  of  the  skswbacks  which  rest  against  the  floor-beams  should  then 
ed  witli  just  enough  mortar  to  give  them  a  perfect  bearing,  and  shoved 


workmanship  possible  in  the  setting  oi  tOe  arches  was  clearly  set  forth 
cle  in  Fncinrrrinf  News,  April  14,  1898. 


ddo 
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up  against  the  beams.  After  this,  the  iNTEtifEDtATC  blocks,  with  their  t 
on  one  end  and  one  side  covered  with  a  full  bed  of  mortar,  should  be  ahoi 
into  place.  The  keys*  should  have  mortar  on  both  sides  and  one  end,  if  so 
METHOD  KEYS  are  used,  and  they  should  fit  snugly,  but  not  tight.  '*  Under  no  o 
ditions  should  a  key  be  rammed  in  place.  It  is  better  to  use  a  smaller  key  and 
out  the  space  left  with  either  a  solid  slab  of  tile,  or,  if  the  opening  is  too  brii 
with  a  piece  of  slate."*  "In  setting  tile  arches  it  is  very  common  to  build  l 
arches  in  string-courses,  first  fitting  all  the  skews,  then  all  the  intermedial 
and  finally  all  the  keys.  This  is  bad  practice,  as  it  loads  the  center,  both  plai 
and  stringers,  to  excess,  causing  too  great  a  deflection.  In  the  end-oomstw 
noN  the  arches  should  be  built  one  by  one,  each  being  complete  before  i 
next  is  started.  In  side-construction,  where  joints  are  broken  lonsitu 
nally,  the  arches  should  be  keyed  up  or  completed  at  the  first  point  ^rhcse  i 
Intermediates  meet  the  lines  of  the  key,  thus  completing  the  successive  arc 
as  rapidly  as  possible."!  All  jonrrs  in  the  arches  should  be  filled  with,  ooorl 
especially  at  the  top. 

Wetting  the  Floor-Tiles.  In  warm  weather  all  hollow  tiles,  whether  de 
or  porous,  should  be  well  wet  or  water-soaked  before  laying.    In  fxeezins  ^preat 

they  must  be  kept  dry. 

Mortar  for  Setting  Floor-Tiles.    "Mortar  for  setting  porous  hollow 

should  never  be  made  of  cement  and  sand  alone,  as  such  mortar  is  too 
rolls  off  the  tile,  and  does  not  insure  a  full  joint."*  A  good  morta.r  is 
by  mixing  the  cement  and  sand  in  the  proportion  of  x  :  3,  and  adding  c 
Ume  putty  or  hydrated  lime  to  the  extent  of  10%  of  the  cement-content.  1 
mortar  should  be  thoroughly  worked.  Hot  lime  mortar  should  never  be  na 
In  dry  weather  the  centers  can  be  removed  in  56  hours  after  the  tiles  are  in  pli 
but  it  is  much  better  to  allow  48  hours  and  even  longer  in  cold  or  wet  vireathei 

Filling  above  Tile  Floor-Arches.  The  strength  of  all  tile  arches  is  gm 
increased  by  wetting  their  top  surface  and  covering  it  with  a  rich  dndcr  c 
Crete,  mixed  with  Portland  cement,  well  tamped  and  brought  level  with 
tops  of  the  steel  beams.  If  the  floors  are  to  be  finished  in  wood,  maii.j?<^c;-st1 
are  required  to  secure  the  flooring.  These  nailing-strips  are  usually  do\'el 
shape  in  cross-section,  about  2.4  in  wide  at  the  top,  3^^  In  at  the  bottom 
from  i^  to  2  in  thick.  It  is  preferable  to  lay  them  at  right-angles  to  the  fl 
beams,  so  that  they  may  be  secured  to  the  top  flanges  by  metal  dips,  as  in  Fi^. 


Floor  Strip  16'  Cent«ra 


Fig.  16.    Segmental  Tile  Floor-aich 


Before  the  nailing-strips  are  laid,  all  piping  and  wiring  which  must  go 
or  through  the  tile  arches  should  be  put  in  place.    After  the  nailinc..5trii 

in  place  the  tops  of  the  steel  beams  should  be  covered  with  a  thin  coat  of 


*  £.  A.  HoeppDer. 
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ikemeDt-aDd-nnd  grotit,  applied  with  a  brush.  The  spaces  between  the 
iDg-strips  should  be  filled  with  a  i  :  8  or  i  :  lo  dnder  concrete,  finished 
at  H  in  bebw  the  tops  of  the  strips.  Some  architects  claim  better  results 
k  strips  of  rectangular  section,  with  nails  driven  horizontally  into  the  ver- 
I  sides  to  form  the  grip  in  the  concrete.  This  method  avoids  the  loosening 
le  strips  and  flooring  from  any  shrinkage  of  the  strips. 

36  Fffling-Blocks.  In  cases  where  the  tops  of  the  tile  arches  are  2  in  or 
!  bdow  the  tops  of  the  steel  beams,  hoUow  tile  blocks  are  sometimes  used 
illqg  to  the  top  of  the  beams,  as  in  Fig.  23.  These  blocks  are  fighter  than 
ocracrete,  but  they  do  not  strengthen  the  arches. 

imeat  Floors.  If  the  floors  are  to  be  finished  with  cement,  the  cement  and 
lete  should  be  at  least  2H  in  and  preferably  3  in  thick  above  the  steel  beams, 
lioald  be  blocked  out  in  sections  of  not  over  6  ft  square,  with  joints  extend- 
!m>ugfa  the  concrete.  When  practicable  the  joints  in  one  direction  should 
erthe  beams. 

Mther-Pfotection.  Terra-cotta  arches  should  always  be  protected  against 
IT  S2KIW,  especially  in  freeang  weather,  as  both  the  blocks  and  the  mortar 
t  joints  are  injured  by  freezing.  Porous  terra-ootta,  espedaUy,  may  be 
y  rained  by  freezing  when  soaked  with  water. 

itection  of  Ceilings  from  Stains.  "If  plastered  ceilings  are  to  be  used, 
rra-CDtta  work  should  be  protected  against  the  smoke  or  soot  from  the 
ig-eogines.  Stains  are  also  quite  liable  to  occur  from  the  effects  of  iron 
;  day,  or  from  the  cinders  in  the  concrete  over  the  arches,  if  the  floor  is 
d  to  become  wet."  ♦  To  prevent  these  stains  several  kinds  of  hydraulic 
have  been  used,  some  of  which  have  proved  very  effective. 
laental  Tile  Floor- Arches.  "This  form  of  arch  is  the  strongest  and 
St.  It  is  particularly  adapted  to  warehouses,  lofts,  factories,  sidewalks, 
se«'er  great  strength  is  required  and  a  fiat  ceiling  is  not  necessary.  When 
,  strong  arcfa  is  required  in  deep  beams  and  a  flat  ceiling  is  also  demanded, 
salt  can  be  obtained  by  using  a  metal-lath  ceiling  suspended  below  the 
,'*'  t  These  arches  are  usually  formed  by  either  6  or  8-in  hollow  tiles, 
sax&<x>N5TRUCTiON  principle  and  bonded  endwise  like  a  brick  vault. 


TWBoA 


Fig.  17.    Segmental  Tile  Floor-arch.    Deep  Skew 


n  be  used  for  spans  up  to  20  ft,  but  it  is  better  to  limit  the  span  to 
i  ft-  "End-construction  blocks  may  be  used,  but  they  are  unsatisfac- 
Ee^  the  arches  are  of  uniform  span  and  rise  throughout.  The  rise  of 
-CONSTRUCTION  arch  can  be  varied  by  increasing  tiie  thickness  of  the 
lowrer  ixirt  of  the  mortar  joint,  but  this  cannot  be  done  with  the  end- 
cnoM  method."  f 


•Freitag. 
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Figs.  17  and  18  show  typical  forms  of  segmental  akcbes.    The  vn 
of  the  arch-tiles  will  run  about  26  lb  per  sq  ft  for  6-in  tile  and  33  ]b  for 


Spaa,  o.  to  Q,  of  bewui,  It  1)2 


FSg.  18.    Segmental  tile  Floor-aich.    Deep  Beam.    Dropped  Skew 

tile.  To  these  weights  should  be  added  the  weight  of  concrete  fitting,  floo 
plaster,  etc 

TUckneM  of  Webs.  "For  general  use  the  webs  of  segment-tile  shod 
ji  in  thick  for  semiporous  tile  and  H  in  for  porous  tile.  The  skbwback  d 
be  at  least  H  in  thick  for  the  first-named  material  and  i  in  for  the  second, 
printing-establishments  or  any  other  building  where  a  laige  amount  of  \ 
tion  occurs  the  webs  of  all  tiles  must  be  designed  in  proportionate  thickv 
the  load  they  are  required  to  carry."*  These  thicknesses  apply  to  Cli 
practice  more  particularly,  where  a  stronger  tile  is  produced  than  in  the  East 
New  York  City  webs  are  generally  H  in  thick  for  semiporous  and  x  in  for  p( 
tiles. 

Rise  of  Segmental  Floor-Arches.  The  rise  of  the  soffit  of  the  arch  1 
the  springing-linc  should  be  from  one  tenth  to  one  eighth  the  span.  The  gi 
the  rise  the  less  will  be  the  thrust  of  the  arch.  No  single-cell  tiles  si 
ever  be  used  in  any  form  of  terra-cotta  arch-construction. 

Filling  the  Haunches.    The  haunches  of  segicental  arches  shou 
filled  with  good  cement  concrete-leveled  up  to  a  ix>int  not  less  than  i  in  i 
the  CROWN  of  the  arch.     For  short  spans  cinder-concrete  filling  may  be 
but  for  wide  spans  it  is  better  to  use  gravel  concrete,  as  the  concrete 
contributes  to  the  strength  of  the  arch  at  the  haunches. 

Tie-Rods.  The  thrust  of  segmental  arches  is  very  considerable,  so  t! 
is  important  to  provide  tie-rods  between  the  beams.  A  formula  for  detc 
ing  the  stress  in  the  tie-rods  and  their  diameter  is  given  on  pa^e  865.  * 
most  effective  the  tie-rods  should  be  placed  at  the  center  of  the  skew.  P 
the  tie-rods  in  this  manner,  however,  may  cause  them  to  project  belo 
SOFFIT  of  the  arch,  giving  an  unsightly  appearance  to  the  ceiling.  It  i 
more  difficult  to  protect  them  when  in  this  position. 

Strength  of  the  Segmental  Semiporous-Tile  Floor-Arches.     Thi 

LOADS  per  square  foot  on  6  and  8-in  segmental  arches,  with  side-constxT 
semiporous  tile,  a  rise  of  one-eighth  the  span,  webs  and  shells  ^-g  in  thid 
with  a  factor  of  sifety  of  7,  as  obtained  from  the  tables  of  the  Natiou 
Proofing  Company  are  given  in  Table  V. 

Side-Construction  Tile  Floor-Arches.  By  this  term  is  understo 
flat-tile  arches  in  which  the  voids  in  the  blocks  run  parallel  with  the  bes 
shown  in  Fig.  19.    One  advantage  of  this  arch  over  the  end-construe 

*  £.  A.  Hoeppner. 
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T«Ut  y.    Safe  Loads  for  Sogmoatel  Somiporotto-TUo  Floor-Arches 


i^ui. 

6-inch  arch. 

84nch  axx:h, 

Span, 

6-inch  arch. 

8-inch  arch. 

It 

lb 

lb 

ft 

lb 

lb 

4 

I  103 

X318 

40a 

480 

5 

87S 

1049 

370 

442 

6 

73S 

883 

340 

407 

7 

630 

735 

3x7 

379 

8 

554 

662 

396 

353 

9 

490 

585 

16 

278 

331 

10 

443 

529 

c  kods  mclude  the  weight  of  construction;  so  that  to  get  the  safe  live  load,  all 
d  load  of  arch-blocks,  concrete  fill,  plastering,  flooring,  etc.,  must  be  deducted. 

2AKXS6  07  JOINTS  that  IS  effected  in  the  setting  of  the  blocks,  by  means 
dt  the  failure  of  a  single  block  does  not  impair  the  strength  of  the  arch 
I  that  block.  The  webs  should  not  be  less  than  H  in  thick.  "Radial 
are  sometimes  specified  but  should  be  avoided,  as  they  incur  needless 
e  in  manufacture  and  endless  confusion  and  delay  in  setting,  without  any 
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Ftg.  19.    Flat  TQe  Fkxv-arch.    Side-construction 

satiDg  advantage."*  In  the  skewbacks  a  web  should  always  be  pro- 
croas  the  block  at  the  lower  flange  of  the  beam,  as  at  this  point  comes 
(test  pressure  in  this  block.  Arches  have  collapsed  because  of  failure 
ide  this  web.  The  depih  of  the  arch  must  be  proportioned  to  the  span 
.  the  beams  and  to  the  load  to  be  carried.  For  ordinary  loads,  a  safe 
o  naake  the  depth  of  the  block  iH  in  for  each  foot  of  span,  plus  the 
necessary  for  protection  below  the  beams.  Safe  loads  for  semiporous- 
it%,  side-construction,  with  webs  H  in  thick  and  a  factor  of  safety  of  7* 
by  the  National  Fire  Proohng  Company,  are  shown  in  Table  VI. 

CoBstmctioii  Flat  Floor-Arches.  In  this  construction  the  sides  and 
the  individual  blocks  run  at  right-angles  to  the  beams,  so  that  the  pres- 
ihe  blocks  is  endwise  of  the  tile.  It  has  been  conclusively  demonstrated 
lor«r  tiles  are  much  stronger  in  end-compression  than  transversely. 
rjection  ur^ed  against  this  construction  is  that  it  is  wasteful  of  mortar 
cult  to  get  the  edges  of  the  blocks  properly  bedded.  They  do  require 
nore  mortar,  but  the  second  objection  is  not  serious,  for,  if  the  blocks 
3  a  proper  bevel,  the  tighter  they  are  set  the  stronger  the  arch."*  The 
d  blocks  in  the  end-construction  are  commonly  made  rectangular 
advancing  by  i  in  from  6  to  15  in  in  depth.  The  length  and  width, 
be  blocks  may  be  varied,  but  the  standard  size  is  12  in  for  both  dimen- 
lie  ntimber  of  partitions  or  webs  in  the  blocks  varies  with  the  size  of 


•  Bevier,  Natbnal  Fire  Proofing  Company,  New  York  City. 
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Table  VL    8afe  Loads  for  Semiporou,  Side-CoBstivelloii,  Tile 


Depth  of  arch 

6  in 

7  in 

Sin 

9  in 

20  in 

12  i 

Weight  of  arch 
per  sq  ft 

24  lb 

a6Ib 

27  lb 

29  lb 

34  lb 

3711 

Span  of  arch, 
ft    in 

Strength  of  arch  in  pounds  per  square  foot 

4    0 

4  6 

5  0 

5  e 

6  0 

6  6 

7  0 

197 
IS6 

230 
182 
148 

263 
208 
168 
139 

396 

233 
189 
156 

131 

438 
346 
281 
239 

i»5 
166 

4t 
33 
arj 

33 

IS 
H 

These  loads  represent  the  gross  loads;  so  that  far  the  safb  uvs  Loaos  the  w 
of  the  construction,  including  the  arch-blocks,  fill,  flooring,  plastering^  etc.,  mn 
deducted.  For  blocks  with  thicker  webs  the  loads  may  be  increased  proportioxu 
Where  no  loads  are  given  in  the  table,  the  spans  are  considered  excessive  fa 
depth  of  block  specified.  The  weights  of  arch  given  in  the  table  are  for  tlie  lia 
blocks.    If  thicker  webs  are  tised.  the  weight  of  block  must  be  taken  proportioa 


the  blocks  and  also  with  the  strength  desired.  The  64a,  7>in,  and  S-in  b 
usually  have  two  vertical  partitions  and  one  horizontal  partition,  or  one  vei 
and  one  horizontal,  for  blocks  8  in  wide.  The  lo-in  and  xa-in  arches  may 
either  one  or  two  horizontal  partitions.  Arch-blocks  over  13  in  deep  d 
always  have  at  least  two  horizontal  partitions.  In  the  strongest  block 
voids  are  about  3  in  square.  "The  arch-blocks  must  be  set  end  to  end  in 
courses  from  beam  to  beam,  and  cannot  be  set  breaking  joints*  as  in 
CONSTRUCTION  method."* 


Thicknets  of  Web.  This  should  be  at  least  H  in  for  porous  and  h  i 
aemiporous  tiling.  The  thicker  the  webs  the  greater  will  be  the  strengti 
fire-resistance  of  the  arch.  The  end-joints  are  always  beveled,  as  in  Fi| 
the  ends  being  parallel;  thus  all  the  intermediate  bkx:k8  are  made  with  tbe 
die. 

Porm  of  Skewback.  An  end-construction  arch  may  have  sxewi 
formed  of  the  same  blocks,  with  notches  in  the  ends  of  the  bktcfcs  to  fit  ow 


"^tJ/^.'-M^^M-^^^^'A^^-  ^^^.-Jt'i:? 


:^s>aitv.r 


Fig.  20.    Flat  Tile  Floor-azch.    End-coDstractkm 


bottom  flanges  of  the  beams,  as  in  Fig.  20.    It  is  generally  coosideivd  th 
end-oonstruction  skewback  is  much  stronger  than  the  side-construction 

•  Bevicr. 
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hat  on  account  of  the  large  amount  of  mortar  lost  in  the  voids  and  the 
vky  of  obtaining  an  even  bearing  with  end-construction  skewbacks, 
also,  because  of  the  greater  facility  with  which  the  side-construction  skew- 
» can  be  used,  contractors  generally  prefer  to  use  the  latter;  and  this  has 
I  rise  to  the  form  of  arch  shown  in  Fig.  21.  But  a  more  important  reason  for 
;  side-construction  skewbacks  with  end-construction  arches  is  the  better 
cdoo  against  fire  that  they  afford  to  the  beam  or  girder.  To  develop  the 
Eaiy  strength,  side-construction  skewbacks  should  have  a  large  sectional 
ind  a  sufficient  number  of  partitions,  following,  approximately,  the  lines  of 
L  With  any  form  of  skewback  the  recess  for  the  beam-flange  should  be  of 
t  width,  so  that  when  the  tiles  are  set  the  protecting  flanges  on  the  skew- 
I  wiO  not  touch  the  bottom  of  the  beams,  but  will  be  at  least  ^  in  bebw 
.  Many  varieties  of  side-construction  skewbacks  are  made  to  meet  all 
lie  Gonditions. 

ys.  Both  end-construction  and  side-construction  keys  are  used  with 
aostruction  arches,  the  choice  of  the  key  depending  principally  upon  its 


21.     Flat  TOe  Fkior-aich.     Combination  End-construction  and  Side-construction 


L  If  the  span  oi  the  arch  is  such  that  the  standard  intermediate  blocks 
e  a  key  6  in  or  more  in  width,  the  end-method  key  is  used,  as  in  Fig.  20; 
the  space  for  the  key  is  small,  a  side-method  key,  such  as  shown  in  Fig. 
used.  As  the  key  is  almost  entirely  in  compression,  a  side-construction  key 
r  less  in  width  will  usually  give  all  the  strength  required,  provided  that  the 
otal  webs  are  in  the  same  line  with  those  in  the  intermediate  blocks.  £.  V. 
on,  western  manager  of  the  National  Fire  Proofing  Comfxmy,  says:  "We 
the  use  of  an  end-construction  key  in  all  cases  where  possible.  Our  cus- 
s  to  use  side-construction  keys  for  spaces  of  6  in  and  imder,  and  end- 
uction  kesrs  foir  larger  spaces.  When  using  the  latter  keys  we  insert  a 
iie-day  slab  between  the  ends  of  the  tile." 

■ed  Skewbacks.  Where  flat  arches  are  sprung  between  x8-in,  20-in,  or 
Sieams  it  is  necessary  either  to  use  a  raised  skewback  or  else  to  have  a  large 
above  the  top  of  the  tile  arches  which  must  be  filled  in  some  way.  Raised 
acks  are  preferable  to  a  hollow  space  above  the  tiles  and  cheaper  than 
te  SJXLng.  They  are  often  used  for  roof-arches,  because  for  Uiat  pur- 
t  is  seldom  necessary  to  make  the  arches  as  deep  as  the  beams^  while  the 
ost  be  about  on  a  level  with  the  beams.  Raised  skewbacks  are  almost 
i  made  on  the  sde-construction  prindpfe.  Fig.  22  shows  a  typical  form 
ed  skewback.  lor  end-oonstniction  arches. 

I  Terstis  Paaelad  Callhigs*  In  connection  with  the  raising  of  the 
above  the  bottom  of  the  beams  or  girders,  J.  K.  Freitag  calls  attention 
advantages  of  flat  ceilings,  as  follows:  "Flat,  unbroken  ceilings  are 
(  to  be  preferred  to  any  tyiie  of  terra-cotta  arch  which  may  require  a 
d  effect  due  to  the  projection  of  the  girders  or  beams  below  the  main 
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ceiling-liiie."    A  perfectly  flat  cdling  reflects  more  SfM.  makei  a  bettcr-Iisfi 
iiom,  and  deflects  the  heat.    Paneling  forms  ptx^u  lor  the  r 
juid  flame  and  greatly  increasei  the  eipoaed  area. 


][  End-CQiutnictioa  1 


Floor-Arches  and  Beami  of  ths  Sams  Depth.    A  deep  block  makes  a  m 

stronger  flooi  than  a  shallower  one,  and  for  the  same  drpth  of  beams  »  Ui^ 
and  cheaper  floor.     A  12-in  arch  weighs  less  per  square  foot  than  a  lo-io  ; 

Depth,  Span,  and  Welgbt.    The  uaxwuv  spans  for  different  depths 

the  AVEHAOE  WEIGHTS  per  square  foot  of  this  type  o(  arch,  set  in  FdafC,  ai 


"•»»?-■ 

Mali  mum  span, 
ft    in 

Weight  per  iq/t, 
lb 

9 
16 

it    I 

39 

46 

due.  no  douht,  to  the  ch*iacter  of  the  miierial  uud  and  to  the  thicknn 
the  webi. 

The  PEPTR  or  ARCH  most  frequently  used  i;  10  in,  the  girders  being  ^ 
to  use  lo-in  I  beams  for  joists  spaced  from  5  to  6  ft  apart.  As  a  rule  Ibe-  ft 
of  the  arch  should  he  about  equal  to  the  depth  of  the  beam,  as  it  is  just  iboi 
cheap  and  much  belter  construction  to  use  deeper  tiles  and  less  cimciete  fi'Hn 

Saf«  Loads  for  End-ConstrvctlDii  Tils  Ploor-ArcbM.  The  eimm 
of  flat  arcbes  of  hoUow  lile  depends  upon  the  CRUsmNa  eegistahce  of  the  m 
rial,  the  sectional  area  per  linear  foot  o(  arch,  the  depth,  and  the  span.  For  i 
reasons  it  is  impossible  to  give  a  table  (or  strength  which  applies  to  all  an 
The  values  (riven  in  Table  VIIl  for  EuiKcwsiRucnoN  anjies  are  based  t 
arch-blocks  of  the  cross-sectioiial  areas,  per  foot,  given  in  the  second  hodu 
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t  of  the  table,  and  are  intended  to  have  a  factor  of  safety  of  7,  with  the 
gbt  of  the  tile  only,  deducted.  Mr.  Hinton  says:  "The  safe  loads  as  they 
■d  in  the  table  afford  a  safe  general  statement  of  safe  loads  for  all  SEcnoNi 
K  they  represent  sped&caUy  a  light  section  in  the  case  of  eadi  arch. 


ty 


Tabia  Vm.     Sflf •  Loada  lor  Bad-Coaatmction  TUa  Floor-Afchea  * 

SDipartms  materia!  of  sectional  area  per  linear  foot,  as  given  in  the  second  line 
The  loads  are  in  pounds  per  square  foot  oi  floor 


tpth  of  arch  in 
inches 

6 

7 

8 

9 

10 

12 

IS 

Izeas.  sqin 

310 

340 

370 

400 

430 

490 

S8o 

Spans, 
ft    in 

lb 

lb 

lb 

lb 

lb 

lb 

lb 

4  6 

5  0 

5  6 

6  0 

6  6 

7  0 
7      6 
ft      0 

196 
ISS 

aS4 

203 

X63 

319 
254 
206 

170 
141 

391 
312 

aS4 
209 
17s 
147 

470 
376 
306 

2S3 
212 

179 
IS3 

648 

stg 
424 

352 
295 

2SI 

215 

I8S 

968 

Tn 
656 

529 
446 
380 
326 
282 

*  This  table  is  condensed  from  two  tables  prepared  by  H.  L.  Hinton. 

tented  End-Cosatmction  TUe  Floor-Archet.    Figs.  23  and  24  show 
rmriadoDS  of  a  type  of  arch  invented  and  patented  by  £.  V.  Johnson  when 


Fig.  23.     Excelsior  End-construction  Tile  Floor-arch.    Side-skew 

per  of  the  Pioneer  Company,  Chicago,  111.  The  right  to  manufacture  and 
is  arch,  in  certain  territory,  has  been  granted  to  the  National  Fire  Proofing 
uxy,  and  to  Henry  Maurer  &  Son,  New  York  City.  The  original  shape  of  the 
ie  is  illustrated  in  Fig.  24.  Henry  Maurer  &  Son  have  modified  the  shape 
t  down  in  Fig.  23,  as  they  consider  that  this  shape  gives  a  stronger  and 
f  heavier  arch  than  one  of  the  original  shape.  The  advantages  of  this 
ce  the  reduction  in  weight  for  an  equal  strength,  and  the  clear  space  of  5 
veen  the  tiles,  which  avoids  the  cutting  of  the  blocks  for  the  tie-rods. 
rch  can  be  adapted  to  any  span  up  to  xo  ft  by  using  blocks  of  suiuble  depth. 
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Flo.  21.    Jobmsa  End^oMtiuctka  Ilk  Fbor-Mch.    Orifhial  F«m 

if  the  Excd 


Tibia  IX. 

Depth  Dl>n:b 

in 

Limit  of  ipan. 

Weight  per  iq  ft 

Safeloadperaqft. 

1 

Sto6 

1^9 

11 

300 

The  National  Fire  Proofing  Ctunpiuiy  hiu  made  aich-blocks  as  deep  as  x 
and  as  heavy  as  56  lb  per  sq  ft.  This  company  and  Henr.v  Maurer  &  Son 
seiniporaus  material  for  the  arch-blocks.  It  should  be  ooticed  that  the  a 
made  by  the  fanner  has  an  EHD-coiiSTaociiON  skew  back,  while  the  latter  m 
HDE-CONSTRUCTIOM  SKEWBACK.  The  National  Fire  Proofing  Ciwnpany  1 
merly  used  the  side -const  ruction  skewbadi,  but  found  that  when  archer  lA  I 
type  were  tested  to  destruction  the  stewhadti  were  almost  invariably-  the  po 
which  failed;  bence  tbeir  adoption  of  the  end-constiuclinn  skewback.  He 
Maurer  &  Son,  however,  have  tested,  without  failure,  Ercelsior  artbes  erf  S  ft  1 
lo-ft  ajUBa,  and  witli  skewbacks  as  ihown  by  them,  with  kwds  of  over  i  00c 
per  sq  tt.    These  arches  have  been  extensively  used  in  both  eastern  and  wett 

Reinforced-Tlle  FIoor-AtdlM.  In  order  to  obtain  a  wlde-^Mn  flat  ard 
to  obtain  a  reduced  depth  of  arch-blocit  for  the  shorter  spans,  the  manuiacta 

of  teria-cotta  have  applied  to  their  floor-construction  the  principle  of  u 
FORCEU£Nr  WITH  UETAL,  which  is  the  basis  of  reinforced-ct 
Compared  with  reinforced  concrete,  even  when  cinders  nre  used  for 
gale,  Ifac  greater  depth  and  hollow  construction  of  tl 
AiCREs  secure  for  Ihem  greater  strength  per  square  foot  for  the  same  wq 
of  construction.  On  the  other  hand,  however,  they  are  undoubtedly  iDcn!< 
pensive  than  cinder-concrete  floor -construction,  because  of  the  matcHaJ  n 
and  the  increased  height  of  the  building  due  to  thicker  floors. 

The  Herculean  Arch.*     These  Boor-archei  are  built  ol  teniiporauB  ta 

colta  bkxks,  ii  by  u  in  on  top  and  varying  from  6  to  11  min  depth,  accud 

*  Falented  and  manuiscturcd  by  Heaij  Mauni  &  Soa.  1898  and  1900. 


Rre-Pfoof  FloarOBStroetSon  889- 

:  giu  and  load.    In  the  Ma  of  At  Uocka  are  giDova  to  rsMiTe  iM  br 

f  fit-in  T  ban.  The  blocks  us  laid  end  to  end  tbe  aitire  len^^  ■>'  the 
with  a  baring  o(  from  4  to  6  in  on  the  walls  01  girders,  presenting  two 
luous  grooves,  which  ore  filled  with  ccmeat  mortAt,  and  tnlo  whidi  the 
)  are  then  inserted.  The  T  ban  must,  of  course,  extend  the  full  length  of 
on.  The  groovea  in  the  next  course  are  then  filled  with  cement  mortar 
le  blocks  pushed  JDto  place,  thus  thoraughly  covering  the  steel  with  mortar, 
inu  between  the  blocks  are  filled  with  cement  mortar  and  the  blodu  arc 
1  break  joint  endwise^  w  in  Fig.  3K.    Thi4  floor  has  been  uaed  for  sg»ju 


[  from  19  to  13  ft.  The  weight  per  square  foot  given  for  the  ten»- 
■kicks  and  steel  T  bars  is  16  lb  for  blocks  6  in  deep,  a  lb  for  8-in  blocks 
r  lo-in  blocks  and  si  lb  lor  ii-in  blocks.  The  manufacturers  otimatA 
K  lOAD£  for  this  coQstructian  as  foUowa: 

For  a  ii-in  arch  with  a  io-(t  span,  400  lb  per  sq  ft. 

For  a  lo-in  arch  with  a  i6-ft  span,  400  lb  per  sq  ft. 

For  a   ^iu  arch  with  a  ii-it  span,  150  lb  per  aq  ft. 

•mr,r  advaktaqe  of  this  construction  11  said  to  be  its  low  cost  as  cont* 
rilfa  the  cost  of  systems  equally  fire-pfoof  and  requiring  steel  beam! 

or  B  ft-  It  is  pai^cularly  well  adapted  to  buildings  with  masonry  wall* 
titioos,  as  in  such  buildings  little  or  no  structural  steel  is  required.  The 
utnictioa  affords,  also,  an  unusually  smooth  undersurface,  thereby 
[  the  cost  of  plastering.     No  tte-bods  are  required  for  this  floor. 

Johawm  LoncSpan  Flat  Plooi-CooMrnetiaD.  This  bewfobcbd- 
MB  was  invented  by  E.  V.  Johnson,  and  i*  now  controlled  and  erected 
j.fjjmal  Fire  Fruohng  Gimpany.  Ita  general  cooslrucljon  ii  ai  followK 
(jnuy  flat  amtering  is  first  erected,  and  over  thia  ia  ^iread  a  layer  of 
rtland-cement  mortar  about  fi  in  thick.  On  top  of  this  mortar  is  laid 
M  VABBic  containing  steel  rods  varying  from  >«  to  H  in  in  diameter, 
ig  to  the  span,  and  placed  from  1  la  S  in.  center  to  center.    Another 

the  ume  mortar  is  then  spread  on  top  and  hollow  tiles,  from  3  to  11  in  im 
woording  to  the  span,  are  then  set  in  the  mortar  and  laid  so  aa  to  bkeax 
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E1(.  20.    Johuan  RelnCaiml,  Tile  Floorvch 

shows  the  general  method  of  ronstniction  oi  this  system,  but  without  the  rot 
which  are  ioserted  in  place  is  the  fabric  is  axd.  For  short  spuu  the  bbt 
can  be  used  without  the  rods.  This  system  differs  liom  the  flat  coacrete  sysic 
only  in  the  substitution  of  hollow  tiles  for  the  concrete  la  the  uiqier  ponko 
the  slabs,  the  strength  of  the  floor  depending  upon  the  REiNroRCXXEKT  u 
the  Ai>HESiOH  of  ibe  eement  mortar  to  the  steel  and  tiles.  As  the  tilts  ■ 
covered  both  on  the  bottom  and  top  with  concrete,  the  fiRepboofimc  pKi 
ESTV,  also,  is  measured  by  the  resistance  of  the  concrete  and  not  by  that  of  tl 
tiles.  Tests  have  shown  that  the  adbesion  of  the  mortar  is  perfect  and  that 
will  staad  a  high  temperature  without  injury.  This  constnictioa  can  be  nsi 
(or  any  span  up  to  15  ft,  the  most  advahtaoeoos  SFah  bang  atwut  16  ft.  Tl 
WE[';sT  pel  square  loot,  including  the  fabric  and  the  cement  on  the  bottom  ai 
in  the  joints,  but  not  on  top  of  the  tile,  is  as  follows: 


45     *'     i7     3i     36      14 
The  concrete  above  the  tile  should  be  figured  at  11  lb  per  sq  ft  (or  each  ioi 
\a  thickness.    The  stungth  of  the  floor,  with  1  in  of  i  ;  j  Poctbutd-cemei 
mortar  on  top  of  the  tiles,  is  given  in  Table  X. 

Tho  Hew  Yorh  Reinforced-Tile  Floor-Arch.  This  arch  fFig.  27)  wi 
designed  tiy  P.  H,  Bevier,  of  (he  New  Yorit  City  branch  of  the  National  Fl 
Proofing  Company,  (or  use  "when  a  light  and  cheap  but  strong  floor  constni 
tion  with  a  flat  ceiling  is  required,  and  is  particularly  adapted  to  wide  spu 
In  shallow  beams.  When  light  floor-construction  with  deep  beams  is  neresai 
fl  can  be  secured  by  selling  Ibe  blocks  level  with  ibe  tops  of  the  beams  «nd  us 
a  flat  metal  lath  ceiling,  or  by  omitting  the  ceiling  a  panel  effect  is  obtain 
When  shallow  beams  are  used  the  blocks  are  set  level  and  i  in  below  the  botto 
of  the  beams.  Light  cinder  concrete  or  dry  cinders  are  used  to  level  up  to  ll 
top  o(  the  beams,  A  wthe-tkuss  iFCHFOKCKUEirT,  similar  to  that  shown  in  Fl 
3S.  used  in  this  system,  it  shipped  to  the  building  in  reels,  and  is  cut  to  prap 
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ble  Z.   UUknftta  Stransfli  of  thft  JohaMn  Floor-Coactnwtioa 

Thickness  of  tiles  in  inches 

12 

10 

9 

8 

7 

6 

5 

4 

3 

Ultimate  strength  in  pounds  per  square  foot 

I 

3  37S' 
2800 

3350 

300O 

1730 
1500 
1330 
I  180 

I  030 

844 
700 

587 

2580 
2340 
I  800 

1540 
1325 
1160 
X  010 

900 

795 
64s 
536 
450 

2  140 

I  780 

t  480 

1265 

1 100 

950 

840 

740 

664 

535 

445 

370 

1  850 

1536 

I  280 

1 100 

9SO 

830 

720 

640 

570 

462 

384 
320 

1525 
1264 
1064 
910 
780 
680 
600 
578 
473 
381 
•316 
266 

I  26s 
I  052 
880 
752 
650 
590 
500 
440 
392 
314 
263 

330 

I  000 
832 

700 

595 
SIO 
450 
395 
350 
310 
250 
208 

775 
640 
540 
460 
400 
348 

30s 
270 
242 
194 

560 
464 
390 
334 
290 
250 

320 

194 
174 

he  job  as  required.    It  is  embedded  in  Portland-cement  mortar  be» 
»lock8»  so  that  it  U  protected  both  ai^ost  rust  and  fire.    The  open- 


BW 
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Fto.  27.    New  Yoik  Reinforced,  Tile  Floor-aicn 


iction  oC  the  wise  truss  enables  the  mortar  to  flow  freely  all  about 
int  can  be  thoroughly  filled  between  the  biocks,  and  the  wire  perfectly 


Fkk  28.    Wire  Reinfoccement  for  New  York  Floor-aich 

The  floor  has  successfully  passed  the  fire  and  load  tests  of  the 
xiJdings,  of  New  York,  and  as  a  result  has  been  used  in  a  number  of 
5s  in  New  York.  Load  tests  were  made  to  determine  the  ULXiitAXE 
the  6-in  arch  on  a  6-ft  span,  and  it  was  found  to  be  i  600  lb  per  sq  ft." 

BtaviAO  Tile-Arch  System.  This  is  a  method,  devised  by  R. 
>1  New  York  and  Boston,  of  constructing  floors,  partitions,  stair* 


S42  Firepioofing  of  Bulidinga  Chap.  H 

cases,  etc.»  by  means  of  thin  tiles,  i  in  thick,  about  6  in  wide,  and  fiom  z  2  t 
34  in  long,  all  bonded  together  in  Poxtland-oement  mortar  so  as  to  make  01 
solid  mass.  The  floors  are  built  by  spanning  the  spaces  between  the  sirdei 
with  single  arches,  vaults,  or  domes,  constructed  of  two,  three,  or  more  tlucl 
nesses  of  i-in  tiles,  the  number  of  thicknesses  depending  upon  the  dimeiifliai 
of  the  arches  or  vaults.  In  its  best  application,  steel  is  used  in  tension  only  i 
tie-members;  and  in  place  of  steel  girders,  tile  girders  are  constructed  of -tl 
same  material.  Wherever  steel  is  used  it  is  embedded  in  the  mascxiry  constrm 
tion.  One  of  the  earliest  notable  buildings  in  which  this  system  was  used  is  tl 
Boston  Public  Library  Building,  completed  in  1895.  Some  of  the  later  importai 
constructions  are  the  Cathedral  of  St.  John  the  Divine,  New  York  Oity;  ti 
Minnesota  State  Capitol  Building,  St.  Paul,  Minn.;  the  Girard  Trust  Company 
Building,  Philadelphia;  the  Chicago  and  Northwestern  Railway  termim 
station,  Chicago;  the  Penn^lvania  and  the  New  York  Central  4Ra]lroad  te 
minal  stations.  New  York  City;  and  the  HaU  of  Fame,  University  of  Hew  Yori 
New  York  City. 

An  illustration  of  the  wide  spans  that  can  be  safely  used  with  this  system  i 
construction  is  seen  in  the  Cathedral  of  St.  John  the  Divine  in  New  York  Cit^ 
The  floor  above  the  crypt,  measuring  56  by  60  ft,  with  no  interior  support 
and  designed  to  carry  a  safe  load  of  400  lb  per  sq  ft,  was  construcrted.  on  th 
principle.  Wherever  a  vaulted  ceiling  is  desired  this  form  of  constructic 
seems  to  be  well  adapted  for  use.  Floors  built  in  this  way  have  been  teste 
under  the  supervision  of  the  New  York  City  Building  Department  up  to  5  700 1 
per  sq  ft,  on  spans  of  10  ft.  When  used  between  I  beams  the  only  steel  bean 
required  are  those  spanning  from  column  to  column.  Architects  contemplatiE 
the  use  of  this  system  of  construction  are  advised  to  consult  the  R.  G\iasta\'ix 
Company  before  letting  any  contracts.  Wherever  vaulted  ceilings  are  require 
this  construction  should  be  at  least  as  cheap  as  any  other  form  of  equally  fir 
proof  construction,  and  it  is  often  cheaper.  One  particular  advantage  of  tl 
system  is  that  frequently  the  soflit-course  of  tile  is  of  pressed  or  glazed  mati 
RIAL,  making  a  most  effective  and  permanent  finish,  as  in  the  case  of  the  Cil 
Hall  station  of  the  New  York  City  subway.  This  station  was  constructed  fn 
very  heavy  loads  and  without  the  use  of  steel. 

Incidentally,  attention  may  be  called  to  the  Ritmford  tile  developed  in  001 
nection  with  this  construction,  to  be  used  as  the  first  course  of  tile«  tlia.t  is,  c 
exposed  surfaces  on  the  interior  of  auditoriums,  on  accoiult  of  its  sound-absorfaix 
character.  Professor  Sabine  of  Harvard  University  concluded  from  lii^  h 
vestigations  that  this  tile  "has  over  sixfold  the  absorbing  power  of  any  #j^^yii 
masonry  construction,  and  one  third  the  absorbing  power  of  tbe  best-knov 
felt."* 

Concrete  Floors.  Concrete  used  in  fire-proof  floors  may  be  either  puum  i 
reinforced.  Without  reinforcement  its  use  is  generally  practicable  for  vci 
short  spans  only,  on  account  of  its  weight.  In  this  chapter  it  is  considered  od 
as  a  floor-filling  between  steel  beams.  Chapter  XXIV  is  devoted  to  a  di 
cus^on  of  the  principles  governing  the  design  and  use  of  reinforced  concrete* 

AdTantages  of  Reinforced  Concrete  for  Floor-^Constmction.  Althoiq 
many  advantages  are  claimed  for  reinforced  concrete  over  the  tile  systen 
the  principal  advantage  is  that  of  economy,  taking  into  account  tbe  cost  1 
both  the  steel  framework  and  the  filling  between.  The  other  important  M 
vantages  are  less  weight  per  square  foot  of  floor  (usually  but  not  al^nrays  tl 
case),  adaptability  to  irregular  framing,  and  rapidity  of  construction.  £xcq 
in  the  immediate  locality  of  the  tile-factories,  fire-proof  floors  of  ooncrete  ci 

•  The  Brickbuilder,  January,  1914. 
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be  placed  at  less  expense  tban  is  incurred  in  setting  floors  of  hoUow  tile; 

I  when  the  spans  permit  the  use  of  cinder  concrete,  the  concrete  floors  are 

than  those  of  the  tiie,  when  both  floors  have  the  same  strength.    Some 

k»ttg-9pan  tile-systems,  on  the  other  hand,  are  much  lighter  than  many 

>  concrete  floors  that  are  now  being  built.    The  materials  entering  into  the 

ion  of  rdnforced-conarete  floors  are  readily  obtained  in  almost  any 

no  specially  prepared  material  is  required,  except  perhaips  in  a  few 

forms  of  reinforcement,  and  the  work  can  be  done  almost  entirely  by 

labor.    Less  capital  is  required  for  concrete  work  than  for  the  tile- 

icdons,  and  no  material  need  be  carried  in  stock  during  an  idle  period, 

tools,  mixing-machines,  old  centering,  etc.    That  the  above  advantages 

^lesl  is  sufficiently  proved  by  the  immense  amount  of  reinforced  concrete 

ivader  construction  throughout  the  world.    Wherever  a  floor  is  to  have  a 

,  cement  surface,  reinforoed-concrete  constructions  are  considerably 

than  any  tile  system,  because  in  the  former,  the  entire  concrete  is  used 

:  strength,  while  with  the  flat-tile  arches  it  merely  increases  the  dead  weight. 

Lgea  of  Reinforced  Concrete  for  Floor-Conctruction.     One 

DISADVANTAGE  connected  with  concrete  floor-construction  is  the  inter- 

in  a  large  measure  with  the  progress  of  other  parts  of  the  work.    During 

idon,  there  is  a  constant  dripping  from  the  floor,  making  it  some- 

impossitje  to  continue  other  lines  of  work.    After  the  completion  of  the 

a  k>ng  time  is  required,  depending  upon  the  weather,  for  the  drying  out, 

:  interior  firiiching  can  proceed. 

tpositioii  of  the  Concrete.    The  materials  used  for  concrete  are  dis- 
oa  pages  340  to  341  and  on  page  817.    Portland  cement,  only,  should 
in  any  floor-construction.    For  most  reinforced-concrete  floMs,  having 
between  the  steel  beams  of  8  ft  or  less,  cindek  cohcbets  is  generally 
for  the  reason  that  concrete  mixed  with  cinders  is  much  lighter  than  that 
with  broken  stone  or  gravel.    The  usual  fboporteons  of  cucder  oom- 
are  one  of  cement,  to  two  of  sand,  and  five  or  six  of  cinders.    For  a  first- 
ccmcrete  the  cinders  must  be  screened  through  a  mesh  not  larger  than 
and  only  hard-coal  cinders  should  be  used.    Good  cinders  may  some- 
be  obtained  from  power-plants  using  soft  ooal,  but  they  must  be  well 
and  free  from  ash.    Concrete  mixed  with  common  ashes,  a  mixture  oc- 
ly  usedv  has  little  strength  and  is  totally  unreliable.    For  all  spans  ex- 
8  ft,  either  gravel  or  broken  rock  should  be  used,  and  these  should 
with  one  part  cement,  to  two  of  clean  sharp  sand,  and  four  of  stone 
The  WBIGBT  or  cnmsR  concrete  will  vary  from  80  to  no  lb  per 
depending  upon  the  coarseness  of  the  material,  the  quandty  of  sand,  and 
■MMmt  of  tamping.    For  ordinary  purposes  a  1:2:5  cinder   concrete 
be  used,  weighing  96  lb  per  cu  ft,  or  8  lb  per  sq  ft  per  inch  of  thickness. 

of  Reinforcement.  While  steel  in  small  sections  is  used  almost 
for  the  reinforcement,  there  is  a  great  variety  in  the  shape  and  char- 
'  of  the  metal  employed.  Different  forms  of  reinforcement  are  described 
nssed  in  Chapter  XXIV.  Ail  of  them  may  be  used,  and  most  of  them 
being  used  in  floor-construction.  Tn  addition  to  those  forms  discussed 
otbeis  that  are  not  readily  adapted  to  beam-construction  are  used  in 
iction.  Such  arc  the  metal  fabrics  described  farther  on  under 
Ferent  t3rpes  of  construction.  The  proper  position  for  the  reinforcement 
ioor-construction  is  that  in  which  it  will  take  the  tensional  stresses, 
in  floor-sV^bs,  near  the  lower  surface.  The  most  logical  form  is  that  of 
OK  BAR.  A  greater  number  of  small  rods  or  bars  is  preferable  to  a  smaller 
of  bxser  ones,  because  the  proportion  of  the  area  of  adhesion  between 
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steel  and  concrete  to  the  sectional  area  op  steel  is  greater  in  the  fonner  i 
This  result  is  apparently  attained  in  systems  in  which  wire  fabrics  are  i 
But  the  disadvantage  in  the  use  of  the  smaller  reinforcement  is  the  greater 
sibility  of  cx>]uiosiON  and  consequent  failure  of  the  construction.  Thac 
further  disadvantage  in  the  use  of  wire  fabrics;  they  are  easily  display 
the  process  of  placing  of  concrete,  either  getting  too  low  and  becomiAg  ext 
to  fire  or  corrosion,  or  getting  too  high  with  a  corresponding  weakening  o 
floor.  Another  detail  that  must  be  remembered  when  using  metal  fabi 
that  the  mesh  must  be  large  enough  to  allow  a  good  bond  to  be  fonned  bet- 
the  concrete  above  and  below  it.  Reinforcements  in  the  form  of  bars  set 
tically  in  the  concrete  have  a  tendency  to  shear  through  slabs  which  are  « 
heavy  loads.  The  best  and  most  logical  R£INK>rcement  for  fire-prooC  i 
consists  of  from  Vi  to  94-in  round  or  square  rods,  either  pUin  or  ddoc 
spaced  at  varying  distances  to  suit  the  spans  and  loads. 

Ifecessity  for  Cross-Ban.  Where  wire  strands  or  bars  are  used  for 
forcement  it  is  essential  to  have  cross-bars  as  well  as  transverse  tens 
BARS,  because,  when  the  loads  are  heavy  and  concentrated,  or  when  a  b 
body  falls  upon  a  slab  the  concrete  wiU  crack  between  the  carrying  bars, 
can  be  readUy  demonstrated  by  testing  with  a  drop-test  a  floor-slab  that  b 
cross-bars.  When  the  load  is  uniformly  distributed  the  cross-bars  an 
brought  into  play;  floor-loads,  however,  are  more  often  concentrated 

UNIFORMLY  DISTRIBUTED 

Segmental  Concrete  Floor-Arches.  For  heavy  warehouse-floon 
ARCH  SYSTEMS  are  preferable  to  the  flat  systems,  because  in  the  forma 
concrete  is  used  in  its  strongest  form,  and  less  reinforcement  is  required 
warehouses,  also,  a  ceiUng  formed  of  a  series  of  arches  is  not  objectioa 
For  spans  between  floor-beams  of  5  ft  or  less,  a  i  :  6  gravel-concrete  arch, 
thick  at  crown  and  without  any  reinforcement,  should  sustain,  without  o 
ing,  a  distributed  load  of  1 500  lb  per  sq  ft.  For  spans  exceeding  5  ft,  the 
brated  Austrian  experiments  (1891-1892)  seem  to  show  that  the  reinford] 
concrete  with  small  I  beams  adds  greatly  to  the  strength  of  the  arch;  but 
small  rods  or  netting  are  not  of  sufficient  advantage  to  warrant  the  addit 
expense. *    Tests  made  on  arches  of  8-ft  span  gave  the  following  results: 

A  concrete  arch,  sH  in  thick,  9^  in  rise,  broke  at  1 130  lb  per  sq  ft.  AM 
arch  (wire  netting),  xi^o  in  thick,  io\i  in  rise,  or  about  one  half  the  thid 
of  the  concrete  arch,  failed  at  i  217  lb  per  sq  ft.  A  brick  arch,  5^  in  t 
9.85  in  rise,  failed  at  S85  lb  per  sq  ft.  A  hoUow-brick  arch,  31^  e  in  thick. « 
in  rise,  failed  at  401  lb  per  sq  ft.  A  concrete  arch,  x3-ft  span,  31^0  in  thicks 
in  rise,  failed  at  81 2  lb  per  sq  ft.  A  Melan  arch,  3^  in  thick,  1 1 .4  in  rise,  I 
at  3360  lb  per  sq  ft.  The  Melan  arch  had  I  beams  3H  in  deep,  spaced  * 
apart.    The  structure  was  one  year  old  when  tested. 

The  concrete  arch,  considered  as  a  monolithic  construction,  if  built  of  \ 
concrete,  is  superior  to  the  brick  arch.  The  dnder-concrete  arch  is  ni 
only  in  point  of  strength.  Such  an  arch  should  be  at  least  4  in  deep  a) 
crown,  and  the  rise  should  be  not  less  than  one  eighth  the  span.  Cinder 
Crete  should  not  be  used  for  spans  exceeding  8  ft.  The  strength  of  such  as 
for  ordinary  cinder  concrete  is  about  the  same  as  that  of  a  6-in 
arch  of  the  same  span,  a s  gi  ven  in  Table  V.  All  arch  systems,  whether  of  1 
or  tile,  require  tie-rods  between  the  beams  to  take  up  the  thrust  of  the 
(See  page  865.) 

Weight  of  Segmental  Concrete  Arches.    The  weight  9f  solid 
*  See  Architecture  and  Building,  Jan.  4. 1896. 
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y  be  fbimd  1^  the  folkming  fonnula  which  gives  results  approximately 
when  the  zise  of  the  arch  is  not  more  than  one  sixth  of  the  span: 


ir-(wA2)(tf+4S/^) 


w 


weight  of  arch,  in  pounds  per  square  foot; 
m  ^weight  of  material,  in  pounds  per  cubic  foot; 
c  vthicknesB  of  arch  at  crown,  in  inches; 
S  ">span  of  arch,  in  feet; 
p  «ratio  of  span  to  rise  of  arch. 

XI  gives  the  weight  per  square  foot  of  arches  having  a  thickness  of  4  in 
(oown  and  constructed  of  stone  or  gravel  concrete,  taken  at  144  pounds  per 
:foot,  for  various  spara  and  ratios  of  span  to  rise.  For  greater  thicknesses 
I  crown  these  weights  should  be  increased  by  1 2  lb  for  each  inch  of  additional 
For  other  materials  the  weights  are  directly  proportional  to  the 

of  the  materials.    Thus,  if  cinder  concrete  weighing  102  lb  per  cu  ft  is 

the  weifi^t  of  the  arch  for  any  particular  span  and  ratio  of  span  to  rise 

1/144,  or  17/24,  of  the  weight  given  in  the  table  for  the  same  span,  ratio, 

at  the  crown.    Cinder  concrete  of  good  quality  weighs,  according 

9ty,  from  96  to  108  lb  per  cu  ft. 


Table 


Weight  per  Square  Foot  of  Segmental  Concrete  Arehes 

Concrete  taken  at  144  lb  per  cu  ft 


tioof 

Thickness  of 

Span  in  feet 

as  to 

arch  at  crown. 

tise 

in 

S 

6 

7 

8 

9 

10 

€ 

4 

88 

96 

104 

XI3 

X30 

X28 

Wi 

4 

85 

93 

xoo 

107 

114 

X32 

7 

4 

82 

89 

96 

102 

ZO9 

XI6 

7!^ 

4 

80 

86 

93 

99 

106 

112 

• 

4 

78 

84 

90 

96 

102 

108 

Reinforced  Ficon.    These  floors  consist  of  slabs  of  concrete,  varying 
EXiess  according  to  the  span  and  load,  constructed  between  the  steel 


and  reinforced  near  the  lower  surface  with  steel  in  one  of  the  shapes 

to  OQ  page  843,  and  further  described  under  their  respective  names.  For 

loads  the  thickness  of  the  slab  should  be  at  least  H  in  for  each  foot  of 

with  a  xxiinimiiin  thickness  ol  sH  in.    Thinner  slabs  have  been  used,  but 

should  be  carefuUy  considered  for  each  particular  case.    The  floor< 

are  not  tisually  of  the  same  depth  as  the  beams  supporting  them.    The 

of  the  ^bs,  therefore,  determines  the  character  of  the  ceiling.    When 

of  the  slabs  is  placed  at  or  below  the  lower  flanges,  a  flat  ceiling  results, 

space  over  the  slabs  must  be  filled  to  the  imderside  of  the  flooring  with 

incombustible  material,  thus  often  increasing  the  weight.    When  the  slabs 

at  the  top  flanges,  there  is  a  paneled  ceiling,  unless  a  hung  ceiling  is  pto- 

prtBcth  of  Flat  91oor-Cmi8trttCti<m.  The  following  empirical  formula, 
bsentinK  the  practise  established  by  the  New  York  Building  Code,  is  based  on 
B^dgatioa  ol  cinder  concrete  floor-construction  made  by  Harold  Perrine 
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and  Geoige  £.  Strehan»*  under  the  joiot  aiupioes  of  ColtimbU  UnlwBBlgf 
the  Bureau  of  Buildings*  Manhattan,  New  York. 

w»Kda/S* 
in  which 

w  «safe  load,  in  pounds  per  square  foot,  indoding  (he  weight  of  slah; 

d  » distance,  in  inches,  from  top  of  slab  to  center  of  reinforcement; 

a  -cross-sectional  area,  in  square  inches,  of  the  reinfoccement,  for 
foot  of  width  of  slab; 

S  ->span,  in  feet,  of  slab; 

X-^a  coefficient  with  values  as  follows:  when  dnder  concrete  is 
26  000  if  the  reinforcement  consists  of  steel  fabric  continuous 
8upix>rts;  18000  if  the  reinforcement  consists  of  sted  rods  or 
shapes  securely  hooked  over  or  attached  to  the  supports;  and  x 
if  the  reinforcement  is  not  continuous  over  the  supports;  and 
stone  or  gravel  concrete  is  used,  30000,  20  000,  and  16000,  re 
ively,  for  the  corresponding  conditions. 

The  material  contemplated  by  this  formula  is  a  concrete  consisting  of  o« 
of  Portland  cement,  and  not  more  than  two  parts  of  sand,  and  five  parts  of  i 
gravd,  or  dnders.  The  rdnforcement  consists  dther  of  steel  rods  or 
suitable  shapes,  or  steel  fabric.  In  case  cold-drawn  steel  fabric  is  used,  th 
sional  rdnforcement  should  not  be  less  than  ^Moo%,  and  in  case  other  for 
rdnforcement  are  used,  not  less  than  'Moo%,  the  percentage  bdng  based  0 
sectional  area  of  the  slab  above  the  center  of  the  rdnforcement.  For  p 
protection  against  fire  and  corrosion  the  center  of  the  rdnforcement  should 
least  I  in  above  the  bottom  of  the  slab,  but  there  should  always  be  at  least 
of  concrete  outside  of  any  part  of  the  reinforcement.  The  formula  should  e 
applied  to  spans  exceeding  8  ft.  Cinder-concrete  floors  should  be  limit 
that  span  in  any  case. 

Expanded  MetaL    This  material  is  now  so  well  known  that  it  requirei 
a  brid  description.    The  diamond  mesh  shown  in  Fig.  20  is  used  in  flooi 


Fn.  29.    Expanded  Metal,  Diamond  Mesh 

stn^ction.    For  this  purpose  the  3-in  ipesh  is  used,  the  siae  of  the  mesh 
designated  by  the  width  of  the  diamond-shaped  spaces.    It  comes  in  ^ 
8,  xo,  12,  and  16  ft  long,  and  from  3  to  8  ft  wide,  according  to  the  width  i 
mesh.    It  is  made  from  a  soft,  tough  steel  of  fine  texture,  vaxying  in  tbU; 
from  No.  13  to  No.  i,  Stubbs  gauge.    The  standard  sizes  offered  by  the' 

*  Tkans.  Am.  Soc.  C.  £.,  VoL  LXXIX.  191$.  Pige  53^ 
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Eatpanded  Metal  Compaiues  and  the  NoftlnMttem  Ezpaadod  Metal 
ly  ate  in  acoordance  with  a  decimal  vatiatioat  in  eromaection,  thus: 
h  0-30,  0^5,  0.40,  etc.,  sq  in  per  ft  of  width.    The  designations  of  the  sizes 
the  cxoea-secdonal  areas  per  foot  of  width,  thus:  3-9-20  denotes  a  3-in 
No.  9-gauge  plate,  and  a  cross-sectional  area  of  0.20  sq  in  per  ft  of  width. 
Sharon  Steel  Hoop  Company  and  also  the  General  Fire  Proofing  Company 
from  Qght  to  ten  sizes  of  expanded  metal  with  a  range  sufficient  to  take 
of  the  needs  of  concrete-floor  designs. 

ICoocrete  and  Ezpanded-Metal  Floor-Conttruction.    Of  the  numerous 

of  flocv-construction  possible  with  expanded-metal  reinforcement,  the 

shown  in  Hg.  30  is  generally  used  and  recommended.    At  the  light  hand 


v^2^i^s^3S5^e^R?^ii^s-  ik^^tt^m^^^ 


i^-'Z^'  "-r.,' 


^I'.'^^'^JSS^^ 


t,i^ 


Tk,  30.    Concrete  Floorconstruction.    Ezpanded-metal  Reinforcement 

figure  is  shown  the  construction  when  there  are  steel  beams,  and  at  the 

lland  when  there  are  reinforced-concrete  beams.    The  advantages  claimed 

[CKpanded  metal  as  a  reinforcement  are:  a  better  arrangement  in  the  con- 

than  is  possible  with  an  equal  amomit  of  material  in  any  other  form;  great 

in  the  carryiTig  of  concentrated  loads,  due  to  the  obliquity  of  the 

»;  a  unifonn  <£stribution  of  small  secdons  at  frequent  intervals,  pref- 

to  larger  sections  at  greater  intervals;  an  increased  ultimate  strength 

high  dasdc  limit,  due  to  the  method  df  manufacture,  thus  combining 

advantages  of  a  low-carbon  steel  with  a  high  ultimate  strength;  and  a 

bond  with  the  surrounding  concrete.    When  used  between  I  beams» 

other  reinforcement,  the  spans  usually  vary  from  6  to  8  ft,  although 

12  ft  wide  between  beams  have  been  constructed.    In  placing  expanded 

in  tbe  concrete,  it  is  necessary  to  lap  the  sheets  on  the  ends  up  to  and 

3-9-20,  one  diamond  (8  in);  from  3-9-25  to  3-6-60,  one  and  a  half 

(12  in);  and  heavier  than  3-6-60,  two  diamonds  (16  in). 


Table  ZIL 

Properties  of  Rib-Metal 

Size- 
number 

Width  of 

sheet, 

in 

Area  of  metal 

per  foot  of 

width, 

sq  in 

2 
3 
4 
5 
6 

7 
8 

24 
32 

40 
48 
56 
64 

0.540 
0.360 
0.270 
0.216 
0.Z80 

0.154 
0.135 

-MetaL    The  Trusoon  Steel  Company's  factory,  at  Youngstown,  O.,  is 

ring  a  steel  reinforcement  for  concrete  floors  consisting  of  a  series 

|ht  ribs  or  main  tension-members  rigidly  connected  by  light  cross-ties 

from  the  same  sheet  of  metal  in  the  form  of  a  mesh  (Fig.  31).    It 

tured  from  medium  open-hearth  steel  m  seven  sizes  of  mesh,  2,  3,  4, 
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5,  6,  7,  and  8  in,  and  in  tengths  up  to  i8  ft.    It  is  supplied  in  dtKer  flat  or  call 
iheeta,  and  tongerlengtlia  and  special  sizes  of  mesh  can  be  provided.    Thewi 


Jf^ 


C=I  I  I 


Wn.  32.  Welded-metal  Fabric. 
ton  Wire  Cloth 


Aiea  of  rib  0.09  sq  in 
R!bs  spaced  a.  5,  4.  5>  6,  7,  and  8  in 

Fto.  81.    Rib-metal  Reinforcement  for  Concrete  Fkioni 


of  sheet  is  governed  by  the  aae  of  vm 
there  being  nine  bars  or  ribs  in  eadi  ah 

Welded-Metal  Fabric    The  Wkki 

Spenoer  Steel  Corp.  manufactures  a  wd 
fabric  or  mesh  which  has  been  extend 
used  in  the  United  States  as  areinfa 
ment  for  concrete  construction  of  all  kii 
Fig.  32  shows  the  general  style  ol  the  fah 
the  meshes  and  wires  of  which  can  be  vu 
indefinitely,  upwards  from  a  i-in  01 
The  advantage  claimed  for  this  fabric  1 
reinforcement  for  slab-construction  is  I 
the  canning  wires  may  be  varied,  bot] 
size  and  spacing,  to  give  the  necessary  1 
for  any  given  weight  and  span,  and 
distributing  or  cross-wires,  also,  m^ 
varied  in  the  same  way.  The  directia 
the  wires  coincides  with  the  lime  op  si« 
so  that  there  is  no  tendency  to  distort 
rectangle  of  the  mesh.  The  cross-wi 
being  welded  to  the  carrying  wires, 
rigidly  held  in  place  and  prex-ent  the  b 
from  slipping  in  the  concrete.  The  d 
is  made  that  the  elongation  that  takes  |^ 
in  the  carrying  wire  under  the  stresa  ol  ^ 
loading,  is  divided  along  the  carryh^i 
as  often  as  the  cros»>wires  occur,  imtca 
being  concentrated  at  one  point  asii 
case  with  loose  rods  or  wires.  IntfaeaM 


I 


Clin- 
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ibr  used  the  carryiog  wires  vaiy  from  No.  lo  to  No.  3  in  size  (Washburn 

gaiuse),  and  are  spaced  from  i  to  4  in  on  center?;  while  the  distribute 

I  vires  veuy  from  No.  11  to  No.  6  in  sixe,  and  are  spaced  from  3  to  xa  in  on 

Welded  metal  is  manufactured  in  long  rolls,  and  by  its  use  all  joints 

i  laps  are  avoided.    A  floor  can  be  made  with  a  continuous  metallic  bond  from 

to  wall,  that  Is,  when  the  mesh  is  laid  over  the  tops  of  the  steel  beams.    The 

of  the  rolls  varies  from  48  to  86  in. 

c-woven  Steel  Pftbrie.    This  fabric*  is  made  up  in  a  rectangtdar  mesh, 
I  usual  apftfing  of  the  longitudinal  wires  being  3  in  on  centers  and  that  of  the 
wires  12  in  on  centers.    These  Hpadngs  can  be  easily  varied  to  meet 


? 


lioneltiidlnal  Wire 


Tranaverae  Wire 


DETAIL  OF  LOCK 


Fm,  83.    Lock-woven  Fabric 


conditions.    The  fabric  is  usually  made  54  in  wide  and  comes  in  rolls 

from  150  to  600  hn  ft,  the  xso-ft  length  being  commonly  used.   While 

ivsual  width  of  the  fabric  is  54  in,  it  can  be  varied  in  multiples  of  iH  ix^  from 

op  to  a  maadmum  of  54  in.    The  longitudinals  or  canning  wires  of  the 

ace  hdd  In  plaoe  by  the  transverse  wires  as  shown  in  Fig.  33.    The  longi* 


stone  or  Cinder  Concrete. 


Loek. 


SiMlErtwle. 


Fto.  34.    ConcRte  Ceiliag-siBb 


Beam  W.r»p.' 
with  Lock-woven  Fabric 


wires  can  be  furnished  in  sizes  varying  from  No.  14  to  No.  7  gauge,  the 
area  of  the  fabric  ranging  from  o.oaox  sq  in  to  0.X968  sq  in  per  ft  of 
Heavier  fabric  can  be  furnished  to  meet  special  conditions.    The  trans- 
wires  are  usually  No.  14  or  No.  x  2.    The  longitudinal  wires  are  made  by  a 
piocess  which  gives  them  an  ultimate  tensxix  strength  of  from  150  000 
1 000  lb  per  sq  in,  with  a  correspondingly  high  elastic  umit.    The  fabric 
ibe  furnished  either  black  or  galvanised.    This  fabric  has  the  general  advan- 
oommon  to  any  condnuous,  rectangular-mesh  material,  as  it  provides  a 
300S  BOND  from  end  to  end  of  a  structure,  and  the  wires  are  so  placed  that 
to  the  IIMES  or  stsesses  which  they  are  called  upon  to  carry.  The 
type  of  construcrion  for  floor-slabs  and  roof-slabs  is  similar  to  that 
in  Fig.  30  for  expanded  metal.    Where  a  flat  ceiling  is  desired  the  type 
icdbn  shown  in  Fig.  34  is  very  useful.    Both  of  these  types  have  been 
by  the  Bureau  of  Buildings  of  the  City  of  New  York  on  spans  up  to  ana 

*  Controlled  by  W.  N.  Wight  &  Company,  New  York  Gty. 
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indodlngetc,  tor  Uve  loads  running  from  ijoIosjolbperKiIt;  andoDsiM 
r  It,  appiovils  have  been  given  up  to  175  tb  per  iq  ft,  and  on  spam  (rf  8  ft,  ■ 
15a  lb  per  sq  ft.  The  arcbea  were  constructed  irf  dnikt  cooaete  and  the  6g 
given  are  based  on  a  factor  of  safety  of  lo.  In  addition  to  its  use  fca  thei 
■Iructioa  of  Boor-slabs  and  rool-slabs,  t  he  fabric  is  suitable  for  use  in  panet-« 
tewers,  penilocks,  and  tanks,  and  in  all  other  places  where  a  sheet-reinfanM 
can  be  used  to  advantage. 

Triande-lCMh  Win-Fabric  RcUltorcMneot  Under  this  Bame  the  ^ 
can  Steel  and  Wire  Company  is  manufacturing  a  wire  fabric  of  cold-drawn  1 
wire  for  the  reinforcement  ol  Gre-jRuof  floors.  A  detail  of  the  standard  mat 
is  shown  in  Fig.  35.  The  triangular  mesh  is  built  up  of  either  single  or  stni 
longitudinals  with  the  cross-wiies  or  bond-wires  running  diagonally  across 
width  of  the  fabric.  It  is  claimed  that  the  triangular  mesh  afiords  am  < 
distribution  of  the  steel,  ceinfordog  Id  evei;  possible  diiectiiHi,  and  that 
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(trength  ts  iocnased  by  reason  of  the  trasa-coiutnictioa.  For  Boor-rBnti 
ment,  tliis  fabric  is  used  the  same  way  that  any  of  the  other  fabrics  prtvio 
described  are  used,  and  as  indicated  in  Figs.  26,  30.  and  34.  The  kHigita 
wires  in  Triangle  Mesh  aie  invariaUy  qsced  4  in  on  centen,  but  the  dial 
wires  may  be  spaced  either  4  or  8  in  apart.  The  manufacturers  can  !■ 
ditlerent  styles,  giving  variations  in  the  croaa-sectional  area  from  about  OJ^ 
in  10  about  0.J95  sq  in  per  It  in  width  of  the  fabric,  or  a  \-ariatiai)  in  wci^ 
square  foot  of  from  0.1  to  1.6  lb.  The  material  is  furnished  either  galvai 
or  plain.  The  longitudinal  wires  are  made  of  either  a  Mngie  wire  oc  of  M 
three  wires  stranded.  The  crois-wiies  or  bond-wties  are  of  either  No.  ■ 
No.  uH  gauge.  Spedat  sixes  of  additional  area  lan  be  furnished  upea  apt 
tion  to  the  company.  This  fabric  is  said  to  have  an  ultimata  (trength  of  aM 
than  8s  000  lb  pet  sq  in. 

Dovetailed  Corrugated  Sheets.  FerroinelaTe.  Sheets  of  thin  steejo 
gated  so  as  to  form  dovetailed  groo\-es  have  been  used  as  a  reinformnent  and 
tering  for  concrete-steel,  the  dovetailing  sening  lo  unite  the  sheets  lo  tie 
Crete.    The  Brown  Hnsling  Machinery  CompBny  U  Qevciand,  Ohic^ 
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ited,  under  the  name  Fenoindave,  a  tapbred  oomiffatiaa  vhkh  is  small 

to  hcM  hard  mortar,  and  hence  can  be  plastered  on  the  under  side.    Fig. 

^Aom  a  partial  section  of  the  Ferroinclave  conrugated  sheets,  the  depth  of  the 

itioiis  being  ^  in,  the  distance  from  center  to  center  of  corrugations  2  in, 

I  the  corrugations^  with  the  opening  between  the  edges,  H  in.    The  tapering  oi 

corragatioiis  is  of  espedal  advantage  for  roofs,  as  it  allows  the  sheets  to  be 

at  the  end-joints,  making  a  roof  absolutely  tight,  even  if  water  should 

the  cement  coating.    The  principal  advantage  in  the  use  of  corru- 

sheets  for  floor-construction  is  that  they  sustain  the  concrete,  when  the 

are  of  nnxlerate  width,  before  it  has  set,  thus  saving  the  cost  of  centering 

the  time  required  to  put  it  in  place.    This  advantage,  however,  appears  to 

(offset  by  the  high  cost  of  the  sheets  when  they  have  to  he  shipped.    For  roofs, 

this  construction  is  light  and  relatively  cheap,  as  the  total  thickness 

not  exceed  iK  in  for  spans  of  4  ft  10  in.     To  make  the  roof  water-tight 

water-proof  covering  is  required.    With  a  good  coat  of  hard  plaster  or 

mortar  on  the  under^side,  the  iion  will  not  be  affected  by  heat  in  case  of 

until  a  considerable  time  has  elapsed;  and  even  if  the  mortar  on  the  under- 

:  should  be  more  or  less  dislodged  by  the  streams  of  water,  it  can  be  replaced, 
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Fm.  36k    FetTDinclave  Reinforeefnent  for  Concrstc  Floors 


a  yaj  slight  expense.    Another  advantage  in  the  use  of  Ferroinclave  for  roofs 
(that  a  building  can  be  covered  and  made  water-tight  in  the  most  severe  winter 

and  the  cement  applied  during  the  following  spring. 
Fenoindave  is  made  in  sheets  20  in  wide  and  up  to  10  ft  long,  and  it  is  usu- 
al No.  24  gauge.  For  roofs  it  is  attached  to  purlins  in  the  same  way  that 
roofing  is  attached,  the  most  economical  spacing  of  the  purlins  being  4  ft  loH 
center  to  center,  wliich  accommodates  sheets  10  ft  long  and  leaves  an  end- 
of  3  in.  For  the  cement  top  coat  on  roofs,  a  mixture  of  one  part  Portland 
It  to  two  parts  sand,  applied  to  a  thickness  of  ^  in  above  the  top  of  the 
is  sufficient.  For  floors  a  rich  gravel  or  crushed^stone  concrete  should  be 
I,  the  thickness  being  governed  by  the  span  and  the  loads  to  be  supported. 
lie  fdlowing  table  shows  the  ultimate  strength  of  No.  24  Ferroinclave  with 
It  thicknesses  of  concrete,  as  determined  by  actual  tests  with  sheets  20  in 
over  a  4-ft  loH-in  span: 

in  inches  of  i  :  2  mortar  above 

tbemetal iji      a       2^        3        3W       4 

ite  strength  in  lb  per  sq  ft  for  a  span 
^ftioHin 6^5    9^5    1220    1560    i860    2120 

.A  (actor  of  safety  of  6  should  be  ample  for  ordinary  loads. 
Ferroinclave  is  especially  adapted  for  the  roofs  and  floors  of  large  manufac- 
I^ants,  and  may  be  used  to  advantage  for  partitions,  stair-treads,  vats, 
-closet  partitions,  and  fire-proof  doors. 
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Berger**  Multiplez  Steel  Plate.  Fig.  37  shows  a  section  of  a  Gomgi 
steel  plate  manufactuied  by  the  Beiser  Manufacturing  Omipany,  Can! 
Ohio,  for  floor  and  roof-construction,  the  plate  being  an  invention  of  G.  Fugn 
As  shown  in  the  illustration,  it  consists  of  a  series  of  vertical  corrugatioo 
sheet  steel,  painted  or  galvanized,  ending  at  the  top  and  bottom  in  three  i 
drcle  arches,  separating  the  vertical  sides  of  the  coinigations  from  each  oi 
and  giving  sti£fness  to  the  top  and  bottom  of  the  plate.  The  plate  a  made  i 
depths,  D,  of  2,  a^i,  3,  syi,  and  4  in,  and  in  corresponding  widths  of  xjM, 
X4H*  and  15  in.  The  maximmn  length  of  plate  is  10  ft.  It  can  be  made  of 
gauge  of  steel,  from  No.  24  to  No.  x6,  but  No.  18  is  as  heavy  a  weight « 
generally  required.  For  floors  and  roofs,  the  corrugated  plate  is  laid  on  to| 
the  beams  and  the  top  portion  fiUed  with  concrete  and  Icfvled  off  about 
above  the  plate.  For  wooden  floors  the  nailing-strips  may  be  embeddM 
the  concrete  and  the  bottom  of  the  strips  raised  only  about  \i  in  abovj 
top  of  the  plate.  The  construction  is  very  light  and  strong  and  requird 
centering.    It  cannot  be  plastered,  buMvever,  on  the  under  side;  uad  who 


FzG.  37.    Berger's  Multiplex  Steel  Plate 


plaster  ceiling  is  required  it  must  be  constructed  independently  of  the  plate 
means  of  furring-strips  and  metal  lath.  The  weight  ot  the  4-in  plate,  wit 
1:2:5  furnace-slag  concrete  leveled  i  in  above  the  top  of  the  plate,  is  all 
40  lb  per  sq  ft,  and  the  safe  load  for  a  lo-ft  span  is  given  at  270  lb  per  sc 
While  this  floor  has  several  practical  advantages,  it  cannot  be  oonsidf 
thoroughly  fire-proof,  because  the  metal  is  exposed  on  the  bottom.  But « 
a  plastered  ceiling  on  the  under  side,  the  iron  would  probably  not  be  affei 
by  any  ordinary  fire  before  the  latter  could  be  controUed. 

Permanent  Centering.  Numerous  forms  of  sheet-metal  fabrics  have  I 
developed  in  recent  years  for  use  as  floor-reinforcements.  They  consist,  ] 
erally,  of  steel  plates  preyed  into  series  of  solid  ribs,  variously  spaced,  b^m 
which  the  metal  is  stamped  or  perforated,  or  deployed  into  an  open  mesh-«i 
The  characteristic  form  is  shown  in  Fig.  38.  The  mesh  is  kept  small  eno 
to  prevent  ordinary  concrete  from  passing  through.  For  use  as  a  reinforcefl 
the  sheets  are  furnished  either  in  flat  or  segmental  form.  A  i  :  2^^  :  5  stooi 
cinder  concrete  may  be  used,  the  thickness  depending  upon  the  span  and  thel 
to  be  provided  for.  For  spans  exceeding  from  3  to  5  ft,  according  to  the  gang 
metal,  the  sheets  must  be  temporarily  supported  imtil  the  concrete  has  set.  ^ 
difficulty  of  providing  efficient  fire-protection  on  the  underside  of  leinfo 
ments  of  this  type,  and  arotmd  the  lower  flanges  of  the  supporting  steel  bei 
is  a  serious  disadvantage.  Besides,  the  bond  between  the  metal  and  the  4 
concrete  is  on  one  side  of  the  sheet  only.    Some  of  the  forms  now  on  the  mai 
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titit  tftaal  diuactctutici,  uc  briefly  doOibed  in  the  foBciwiDg  pan- 


tib-TnM*.    These  platen,  msnuf&ctured  by  the  Berber  Manuhcturing  Com- 

f,  Cuilon.  Ohio,  are  doigned  with  &ve  longiludinal  ribs,  6  in  on  centers, 
i  H,  M,  I,  and  iM  k  higb.  Ute  metal  between  the  ribs  a  alit  inio  tnus- 
1^  which  are  further  reinforced  with  bends  at  right-angles  to  the  mam  ribs, 
hi  stindard  sheets  are  14  in  in  width  and  are  carried  in  slock  in  lengths  up  to 
lit,  and  made  of  No.  14, 16,  37,  and  18-gauge  metal. 

Srif-Santvring.  Id  this  lonn,  mBDutactured  by  the  General  Flreproofing 
■ipany.  Youngstown,  Ohio,  the  ribs  are  i^g  in  in  height,  3%  in  on  centers, 
id  onnected  by  expanded  metal.  The  sheets  are  19  in  in  width  and  come  in 
I  Vhs  fawn  4  to  1 1  ft.  varying  by  urits  of  1  ft.  Seli-Sentering  is  made  of  Not. 
k  A,  and  38-gauge  metal,  (See,  also,  page  S85.) 
[f-Sib.  Hy-rib  meul.  now  controlled  by  the  Truscon  Steel  Company, 
mgnown,  O..  is  made  in  sheets  measuring  io>i  in  from  center  to  center  of 
ide  ribs  and  having  tour  ribs  '!i«  in  in  height;  and  also  in  sheets  14  in  in 
th  having  three  ribs.  There  is  also  a  type  known  as  the  Deep  Rib.  The 
IhsareS,  8,1a,  and  wit.  The  sheets  are  of  No.  14.  26,  or  2S  United  States 
te,  ud  are  furnished  dthei  Sat  or  in  vajious  types  of  curves.    (See,  also, 

■(Jon-Metb.     Corr-Mesh  is  manufactured  by  the  Corrugated  Bar  Company, 

Ie.,  BuSbIo,  N.  v.,  which  supi^ies,  also,  special  dips  for  splicing  and  fastening 

hcnmh  to  the  supporting  members.     It  is  made  in  two  types.     One  has  ribs 

■Slugb,  placed  j^^  in  on  centers;  (he  ottter  tj-pe  has  ribs  ^t  in  high,  spaced 

m  coiten.    For  the  ■^-in-rib  Corr-Mesh  the  sheets  are  13  in  wide,  and  for 

Ki-in-rib  Corr-Mesh  they  are  iS  in  Ti-ide.    The  mesh  is  fumi^cd  in  Tnited 

a  Etandard  gauges.  Nos.  14.  26.  and  iS.    Standard  sheets  are  6,  3,  10,  and 

in  length.     So  allowance  need  be  mode  lor  ^de  laps,  but  at  least  1  in  should 

Downl  for  end-laps. 

■flex  SeU-Centeiing.  The  Sharon  Steel  Hoop  Company,  of  Youngs- 
I,  Ohio,  manufactures  the  Duple;!  Self -Centering.  It  is  13  in  in  width,  is 
idled  in  lengths  of  from  4  to  11  ft,  and  in  Nos.  14,  iG,  and  23  metal.  United 
rs  gauge.  It  weighs  1.37  lb  per  sq  ft  (or  the  No.  14  gauge,  i.oj  Ih  for  the 
iG  puge,  and  0.86  lb  for  the  No.  18  gauge;  and  it  has  a  corresponding 
t^ctional  area  per  foot  of  width,  of  0.411,  0,308,  and  0.157  sq  in. 
•cSenal  Systcou.  During  recent  years,  the  vtm  .sysieh  ok  sepuiately 
ML  nsTUt,  con»sting  of  shop-made  leinforced-concrete  members,  such  aa 
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gilders,  linteb.  flootvslabi,  and  wall-puiels,  made  at  ■  factny  and  flipped  to 
uM  of  buildiiig  aperatioiu,  has  bven  receiving  coDsderabk  ittentioD  in  I 
countTy.  This  system  is  more  com(4etely  discussed  in  Chapter  XXIV,  p 
953-  under  the  title  Separately  Molded  Construction.  Separatdy  mot 
members  have  been  used  between  the  steel  beams  of  fire-proof  floor-oonstrud 
U  a  subalitule  Soor-fiUing  for  the  usual  teira-cotta  or  coDcrete  floor-ud 
The  advantages  of  such  systems,  where  they  are  practicabk,  are  c^ivious.  S 
members  are  usually  made  as  Urge  u  can  be  coavenieotly  handled  and  of  a 
paiativcly  long  spaa. 

IHsadrantagea  of  Sectional  Syatftma.  The  teaton  that  the  secnoi 
siraTEUs  have  not  found  favor  is  because  tbey  necessitate  a  fairly  uniform  spst 
of  beams  throughout  a  structure,  and  this  is  generally  impracticable.  ' 
casting  of  the  parts  has  hitherto  not  been  commercially  successful,  as  the  foi 
although  used  lepeatedly,  hai'e  been  more  eipensivt  than  the  usual  centd 
at  the  building;  and  it  is  also  generally  necessary  to  use  a  concrete  that  is  lii 
and  more  carefully  prepared  in  order  that  it  may  stand  the  additional  handU 
Even  with  all  possible  care,  the  breaLages  in  transportation  are  considenl 
As  [he  methods  of  manufacture  of  factory-made  members  arc  constantly  be 
perfected,  chiefly  in  mechanical  contrivances  for  cheapening  the  foims  and  red 
iog  tbe  handling  during  the  pioceea  of  manufacture,  the  economy  of  this  sy(< 
is  being  substantiated,  and  particularly  when  it  is  used  in  comtiinatiaD  wit 
light  fitxuctuial-steel  &re-proofed  frame. 

Waite'a  Concrete  Beam.  In  Fig.  39  is  shown  a  type  of  sECtiooAL  rvo 
t  that  ha*  been  used  in  a  number  of  buildings  l>y  the  Stand 


Fic.  39.    Waite's  Concrete  t  Beams 

Concrete  Steel  Company  of  New  York  City.  The  floor-construction  consistsi 
series  '>f  concrete  I  beams  lo  or  ii  in  in  depth,  supported  on  the  lower  f  onge 
the  steel  beama,  which  are  spaced  from  s  to  7  ft  apart.  The  coocretc  beams 
iges  are  filled  in  ■ 
On  the  tups  of 

concrete  beams  is  placed  a  metal  fabric  of  snail  mesh  on  which  a  lean-cund 
stab  is  laid.  This  maizes  a  comparatively  light  tioor-const ruction,  becsutl 
the  large  spaces  between  the  concrete  beams.  The  concrete  I  beams  are! 
at  the  shop  and  allowed  to  hardt^n  before  they  are  sent  to  the  building, 
the  lower  flange  is  inserted,  as  shown,  a  steel  reinforcement,  of  sm^U  drci 
or  other  cross-section,  lo  furnish  the  necessary  tensile  strength.  The  bei 
are  cast  n-ilh  the  proper  lengths,  in  accordance  with  the  drawings;  and  I 
dight  variations  at  the  building  arc  made  up  by  filling  the  spaces  between 
ends  of  the  concrete  beams  and  the  webs  of  the  steel  beams,  and  covering 
webi  of  the  latter  with  concrete.    A  ^milar  construction,  con^sting  of  1  N 
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beams,  with  lower  fanges  iH  in  thick  and  xa  in  wide  and  tUaoB  %  {n  thick 

^13  in  deep,  of  i  :  4  cinder  concrete,  reinforced  with  fi«-in  rods  near  the 

and  without  floor-finish  of  any  kind,  successfully  withstood  the  fire, 

r,  and  load  tests  of  the  New  York  City  Bureau  of  Buildings  after  having 

ooostructed  38  days.    This  system  has  proved  to  be  practical  in  cases  in 

a  flat  or  level  cdling  is  required  and  the  steel  floor-beams  are  10  in  or 

in  depth.    The  cost  of  construction  compares  favorably  with  that  of 

flush-ceiling  types. 

Siegw«rt  Floor  System.    This  system  (Fig.  40),  desgned  by  Hans 
of  Lucerne^  Switzerland,  is  in  extensive  use  in  that  country.    The 

J^o  rodt  at  mpporta 
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Vvi.  40.    Siegwart  Reinforoed-concrete  Floor-constniction 

Sonal  units  are  usually  made  10  in  in  width,  the  height  and  reinforcement 
pxBg  with  the  span  and  load.  In  a  test  on  a  beam  of  this  type,  designed  to 
y  a  live  load  of  150  lb  per  superficial  ft  over  a  i6-ft  span,  the  construction 
stood  a  satisfactory  four^hour  fire  test  with  a  load  of  150  lb  per  sq  ft,  followed 
r  the  fire  by  a  test  with  a  load  of  600  lb  per  sq  ft.  It  is  claimed  for  this 
tOL,  that  using  the  same  working  units  for  the  strength  of  the  material,  the 
i  weight  of  the  construction  is  only  one  half  that  of  a  monolithic  reinforced- 
lete  floor  designed  to  carry  the  same  load  with  the  same  percentage  of 
iorcenoient.  "The  Siegwart  Company  claim  their  method  to  be  much 
per  than  monolithic  floors.  Prom  quotations  furnished  by  their  Canadian 
9any,  the  price  in  Montreal  is  quite  a  little  less  than  the  author's  expe~ 
3t  for  monolithic  floors  in  the  same  dty,  ranging  from  1 7  to  26  cts  per  sq  ft, 
tod  for  various  spans  and  loads."*  A  moditication  of  the  Siegwart  system 
Moi  developed  by  Grosvenor  Atterbury,  and  has  been  employed  in  two-story 
three-story  residence-buildings  for  the  Sage  Foundation  Homes  Company 
Hills  (Long  Island).  N.  Y. 
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Fte.  41.  V  Climax  Reinforced-concrtte  Floor-construction 


le  Climaz  Floor  System.    This  system  (Fig.  41)  was  designed  by  S.  M. 
loiph.     The  design  is  similar  to  that  of  the  Siegwart  floor  system. 


M.  D.  Watson,  Concrete  Construction  with  Separately  Moulded  Members  and 
Proc.  Nat.  Aaso.  Cement  Users,  VoL  YI,  1910. 
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TheVaogluui  Floor  System.    The  Vaughan  Company  of  DeCioit,  li 

is  manufacturing  a  shop-made  uni^  which  is  employed  considerably  throu^ 
the  Middle  West.  The  general  form  of  this  unit  is  like  that  of  Waite's  cob4 
beam,  shown  in  Fig.  39. 

The  Watson  Floor  System.    Two  typn  of  sectional  floor  systems  foe  < 
proof  floor-fillings  between  steel  beams  are  shown  in  Figs.  42  sod  43.    Foii 


Factory  made  « —  ^^.*r*»*^  -.-^    .iSf^  tvoc 

OoDcrete  Floor  Beam       /^^  *•"*  TYPE  A 

SnspeDded  Cellins 

Fig.  42.    Watson  Reinforced-concrete  Floor-ccmstmctkm.    Withoiit  Slabs 

spans  and  heavy  loads,  the  T  sections  are  used,  laid  side  by  side;  and  lor  s] 
less  than  20  ft  and  loads  of  200  lb  per  sq  ft  or  less,  the  beams  are  spaced 
on  centers  with  flat  slabs  between.  This  system  is  controlled  and  instaAei 
the  Unit  Construction  Company  of  St.  Louis,  Mo.    Beams  and  girders 


Etdd  ConereM 
Flreproofinf 


Fig.  43.    Watson  Reinforced<ODcrete  FIoor-coDstmctioa.    With  SUia 

cast  with  unit  frames  in  horiaontal  molds,  and  slabs  are  made  on  edge  in 
forms.  In  the  American  School  Board  Journal  for  August,  191 2,  Theodoi 
Skinner  describes  the  construction  and  erection  of  a  stoiy-and>baseinent  ad 
house  with  a  structural-steel  frame  and  shop-made  reinforced-concrete  ji 
with  unit-ribbed  reinforced-concrete  slabs. 

Gypsum  Floors.    Gypsum  has  been  extensively  used  for  floors  and  roa 
fire-proof  buildings.    It  furnishes  a  light  construction  which,  with  the  addici 
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le  of  tbe  rapidity  with  wlucll  it  can  be  put  in  pbce,  ii  economical  Dot 

li  respect  to  the  Boor  itself  bul  aiw  on  acoouDt  of  a  savins  in  the  amount 

tc  onictural  steel  supporting  it.    Another  (avonble  feature  is  the  great 

■■inaibting  property  of  gypaum,  resulting  in  absence  of  cottdenutiDO  and  x 

in  the  cost  of  beating  the  building. 

t  Metropolitan  Syatem.    This  constniction  confjsts  of  a  series  of  steel 

ended  from  the  suppoiting  steel  beams  and  encased  in  a  slab  of  pure 

cd  gypsum  coDtaining  about  ij%  of  wooden  chips.  The  cables  are  generally 

HKaetl  of  two  No.  1 1  galvanized-steel  wires,  twisted.   They  are  made  contin- 

Borerthe  supports,  being  securely  fastened  over  the  flanges  of  the  end-beams 

■huDetebyheaiTS  hooks  or  Othetcuitable  means.  The  cables  are  spaced  from 

Pl  ia  apart,  depending  on  the  carrying  capacity  desired.    They  are  held  taut 

NH-iti  raiUMl  steel  rod.  laid  at  the  middle  of  the  spas  at  rigiil-anglcs  to  their 

■oioa.    The  mixture  of  gy[»um  and  chips  is  sent  to  the  work  in  bags  and 

IbJ  od  wooden  centers,  as  in  the  case  of  concrete  floors,  wet,  and  allowed  to 

I,  The  sides  and  flanges  of  the  supporting  steel  beams  are  encased  in  the  same 

Itaial,  all  as  ibown  in  Fig.  44,    Tbe  ■"!"■'"■""  thirltr>««  of  dooi-slabs  is  4  in; 


Fic.  4  4.    Melmpolitan  Fire-proof  Floor 

■asual  thicknesses  for  roofs  are  3  and  3H  in.  The  finished  slabs  weigh  about 
I  per  >q  ft  per  in  in  thickness.  Spans  of  from  6  ft  6  in  to  7  ft  are  said  to  make 
DHi  ecotramical  arrangement,  all  tilings  (onsidered.  Spans  should  not 
Ecd  10  ft.  Tlie  safe  gross  strength  of  tbe  construction  may  be  determined 
tbt  lonnula, 

HTd 

•ludi 

'-the  safe  gross  load  per  sq  ft  of  floor  or  roof-suiface,  in  pounds; 

'-tbe  safe  tensile  strength  of  tlic  twisted  cables,  in  pounds,  which  for  the 

ordinary  case  of  two  No.  11  cold.drawn  steel  wires,  may  be  taken  at 

3l5s  lb; 
-tbe  deflection  of  the  cable,  in  inches,  and  equals  the  slab-thickness  less  the 

sum  of  tbe  protection  of  tlie  cables  at  the  center  of  the  slab  and  over  the 

supports,  that  is,  ordinarily,  the  slati-lfiictness  less  i  in; 
-tbe  spadng  of  the  cables,  in  inches; 

•the  spao,  or  distance,  between  centers  of  supports  of  the  slab,  in  feet. 
stje-nocb  an  necessary  in  this  Soor-construction;  but  in  the  end-bays,  when 
bteral  sdflness  of  the  tieams  together  with  the  compressive  strength  of  the 
■dab  is  not  sufficient,  struts  must  be  provided  of  such  size  and  spadng  as 
■ecenaiy  to  resist  the  puO  of  tbe  cables.  This  Soor-construction  is  con- 
id  and  installed  by  the  Keystone  Gypsum  FireprooEng  Corporation,  New 
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ll«t*l  Ltimb«r.    A  ijWem  o[  preaaed-Mml  I  JoisU,  cbuvnel-jflbu,  ca 
joists,  mil-ribbons,  elc,  hu  been  developed  u  a  nibatitate  lor  ordinaty  ml 

framing  in  the  coDBtruction  of  walls,  floors,  roofs,  uid  paititioiu.  Id  the  I 
conUruction,  tbe  I  joists  and  channel-joists,  of  from  No.  i6  to  ii  United  SI 
gauge  sheet  metal,  are  biaced  by  metal  bridgjog,  to  give  additiooal  rigidi^. 
typical  floor-CDDitruiitioD  is  shown  in  Fig.  4fi.  Tbe  fteel  fkwt-joiHa  ue  aiv 
above  with  a  coacrcte  slab  leinfoiced  with  eipanded-meta]  lath,  and  the  i 
flanges  are  protected  by  a  celling  of  metal  lath  and  cement  plaater  attache 
the  joists  by  means  ol  the  prongs.  The  metal-lumbet  joists  fraoK  into  otdii 
■teel  girders,  resting  on  a  ahelf-angle  a>  shoTfo  in  the  drawing.  The  joist] 
cut  to  length  at  tbe  factoiy,  properly  marked  and  tagged  and,  with  the  erea 
diagrams,  are  shipped  to  the  site.  All  joints  and  splices  are  riveted  in  tbe  I 
The  ateel  gtrdera  Ehoukl  be  properly  incased  in  aotne  &t«-[inxii  covenQg. 


Fig.  U.    Bercei's  Uilaj  Lumber  and  Concnli 

materials  for  Ihis  Soor-constniction  are  manufactured  by  the  Bergn  Mam 
luring  Company,  Canton,  Ohio;  the  General  Fireproofing  Company.  Yot 
town,  Ohio;  tbe  Truscon  Sleel  Company,  Youn^town,  Ohio;  and  the  Mati 
Pressed  Steel  Company afMassJllon.  Ohio.  They  publish  safe-load  txbk) 
metal-lumber  1  joists  ana  channel-studs  for  spans  of  from  4  to  lo  ft-  Thia 
tern,  contemplating  tbe  use  0/  steel  joists  and  girders,  not  thoroughly  int 
with  hre-proof  materials,  caimol  ordinarily  be  considered  thoroughly 
Tcdstant,  although  a  spedally  constructed  floor  with  all  the  steet  coveted 
protected  with  (ire-proofing- material  has  passed  the  fire  test  prescribed  bj 
New  York  Building  Code.  (See  page  Sij)  It  has  been  citensi%-ely  use 
replace  tnmbiutible  building-coustrtictkin,  especially  in  renideace-buildiafs. 
Protection  of  Giiden  and  Beams.  No  form  of  floor-anutructk>n  n 
considered  thoroughly  fire-proof  unless  it  includes  a  protection  of  the  t 
flanges  of  all  steel  beams  and  girders,  or  provides  for  the  protection  of  all 
lued  in  its  construction  or  support.  The  material  used  for  the  protective  a 
ing  is  generally  the  same  as  that  used  in  the  floor-oomtnictioD  itKlf. 
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inpi]  mattrub  are  tile,  either  dense,  porau;,  or  senuporous;  gypsum;  and 
miz.  other  of  dndeis.  Mone,  or  dag.  BeBm-protecticni.  where  the  floor- 
iffli  incases  the  side  of  the  beams,  as  in  Fig°.  17,  19,  or  94,  siiotM 
w  be  lest  than  i  in  thick.  Where  paneled  ceilings  are  used,  that  is,  where 
part  of  the  beams  is  below  the  lower  side  of  the  floor-canstntction, 
in  FttS'  18  or  30.  the  protection  should  be  increased  to  at  least  i}i  in  at  all 


Fic.  40.    Tile  Protwllon  It 


Tut.  IT.    TDe  Proteclioo  lot  SiDg!e-bc 


860  Fireproofing  of  Buildings  Chaix 

under  the  flange  is  supplemented  by  the  possibility  of  an  omission  of  th^ 
protection-tiles.  The  blocks  incasing  the  lower  flanges  may  be  the  skewbi| 
of  the  arch,  or  they  may  be  separate  blocks.  Different  forms  and  conditiooi 
illustrated  in  Figs.  15  to  24.  Fig.  26  shows  the  entire  beam  protected  by  bl 
on  both  sides.  Girders,  which  often  project  below  the  ceiling-line,  are  n 
more  exposed  to  the  effects  of  fire  and  water  than  the  floor-beams,  and 
should  have,  therefore,  the  most  efficient  protection.  As  a  rule,  such  gii 
should  be  provided  with  not  less  than  4  in  of  terra-cotta  protection  at  the  i 
and  I ^  in  of  solid  tile  on  the  lower  side,  with  a  space  of  \i  in  between  the  U 
cotta  tiles  and  the  girder.  Pig.  46  is  a  typicxU  method  of  protecting  girdei 
means  of  hollow  tiles.  The  bottoms  of  the  skewbacks  are  prevented  I 
sixeading  by  wire  ties  placed  in  the-end-jeints  between  the  sofiit-tiles  and  ho 
into  the  round  holes  in  the  skewbacks.  Single-beam  girders  are  usually 
tected  as  shown  in  Figs.  22  and  47,  the  latter  figure  showing  more  particu 
the  protection  of  a  beam  at  the  side  of  an  opening  in  the  floor. 

Concrete  Beam-Protection.  A  more  thorough  inca^ng  of  the  ivebs 
lower  flanges  of  beams  and  girders  can  be  accomplished  by  the  use  of  cone 
The  superior  fire-proof  character  of  cinder  concrete  makes  it  the  best  mal 
for  this  purpose.  If  of  sufficient  thickness  and  properly  applied,  it  will 
securely,  without  reinforcement,  around  the  flanges  of  beams  and  giv 
But  where  it  is  less  than  2  in  thick,  wire  or  metal  lath,  wrapped  around 
flanges,  should  be  embedded  in  it.  A  common  form  of  concrete-protcctii 
shown  on  right  hand  side  of  Fig.  30.  Sometimes  the  soffit  of  the  beam  is 
tected  by  a  concrete  slab  with  an  insulating  air-space.  This  method  is  one 
may  be  advantageously  used  for  the  protection  of  girders.  A  fire  test  oi 
form  of  girder-protection  made  in  the  Butterick  Building,  New  York  ' 
thoroughly  established  its  efficiency.  H\mg  ceilings  are  sometimes  used  a 
protection  for  the  steel  beams.  This  is  very  bad  practice,  as  these  oei 
are  more  than  likely  to  collapse  in  a  severe  fu%.  The  experience  in  the 
timore  fire  confirms  this  belief.     (See,  also,  pages  780  to  782.) 

The  Fireproofing  of  Trusses.  When  steel  trusses  are  used  to  supper 
roof  or  several  stories  of  a  building  it  is  very  important  that  they  be  protc 
not  only  from  heat  sufficient  to  warp  them,  but  also  from  expan^on  suffi 
to  affect  the  vertical  position  of  the  columns  on  w^hich  they  are  supptxled. 
following  description  of  the  covering  of  the  trusses  in  the  Tremont  Tei 
Boston,  Mass.,  furnishes  a  good  illustration  of  the  way  in  which  this  shou 
accomplished:  "The  steel  girders  were  first  placed  in  terra-cotta  blocks  c 
sides  and  below,  these  blocks  being  then  strapped  with  iron  all  aroum 
girders,  and  upon  this  was  stretched  expanded-metal  lathing,  covered  w 
heavy  coating  of  Windsor  cement;  over  this  comes  iron  furring,  which  rec 
a  second  layer  of  expandcd-metal  lath,  the  latter,  in  turn,  receiving  the  fin 
plaster.  There  is,  consequently,  in  this  arrangement  for  fire-protection, 
a  dead-air  space,  then  a  layer  of  terra-cotta,  a  Windsor  cement  covering,  an 
dead-air  space,  and  finally,  the  external  Windsor  cement."  Numerous  ^ 
of  terra-cotta  tiles  are  made  for  incasing  the  structural  shapes  commonly 
in  steel  trusses.  Some  of  these  are  shown  in  Fig.  48.  The  tiles  should  a 
be  secured  in  place  by  metal  clamps  passing  entirely  around  the  en\-da| 
better  still,  by  wrapping  with  wire  lath.  The  tiling  should  then  br  plai 
with  hard  wall-plaster.  Trusses,  also,  may  be  fire-proofed  by  complete 
casing  the  several  members  in  cinder  concrete,  either  with  or  without 
reinforcement.  The  method  of  incasing  steel  columns  by  means  of  the  ce 
gun  (page  S26)  is  also  applicable  to  the  protection  of  steel  trusses,  and  if  4 
ficient  thickness  would  probably  serve  as  a  suitable  fire«iHOtcctiott;  b 
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IC  for  Pira-proot  Flcxn*.  Before  the  f isminR-plmi  of  &  boIU- 
'aa  be  made,  it  is  nrcessuy  to  dedde.  in  ■  geDcn)  way,  upon  the  svtmi 
Rom-CONSTBiiCTTiOMorflnproofing  that  wiJl  be  enidoyetl  Thui,  if  uy  one 
|k[  uwc-SPAN  svlteilE,  such  as  the  Horculon.  Johnson,  and  many  o(  the 
KRle  lysteiDS.  is  to  be  adoplRl.  the  girders  should  be  spaced  so  that  the 
r-coastmrtion  tail!  span  between  them,  without  Soor-beams,  as  sbovn 
^.  40.  whik  if  an  cwdixaki  nAl-nu  ASCB  is  to  be  uied,  Qooi-beanu  will 
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be  required,  spaced  from  sH  to  9  ft  apart,  and  these  beams  must  be  suppa| 
by  girders,  as  indicated  in  Fig.  50.  When  there  are  no  floor-beams,  a  si^ 
BEAM  should  be  riveted  between  the  columns,  as  in  Fig.  49,  to  hold  the  la| 
in  place  during  erection  and  to  stiffen  the  building.  It  should  be  remembc 
that  with  floor-beams  spaced  not  more  than  7  ft  on  centers,  almost  any  syi 


rS^- 


R 


Qlrder 


n 


/>■ 


^ 


-I- 


s 


eV 1^ 


Tie  Rod 


-•V- 


V 


Girder 


6^ 


Tie  Rod 


U 


IT 


(3p 


Fig.  50.    Steel  Floor-framing  l<x  Short-spin  Coostructioa 


of  floor*oonstruction  may  be  employed;  while  if  the  floor-beams  are  omi 
there  are  few  systems  to  select  from.  With  any  form  of  Qliing  between  b 
or  girders,  less  steel  is  required  for  moderate  than  for  excessive  spans  of  b 
or  girders. 

Computations  for  the  Steel  Framing.  The  computations  for  the 
beams  and  girders  of  a  flre-proof  floor  are  very  much  the  same  as  f or  a  19« 
floor.  The  load  or  loads  which  any  given  beam  is  required  to  support  arc 
estimated  and  then  the  beam  of  the  necessary  size  to  support  the  load  is  sdc 
The  DEAD  LOAD  for  any  fire-proof  floor  may  be  estimated  with  suflidoit  aca 
by  means  of  the  data  given  in  this  chapter  in  connection  with  the  dill 
systems  of  floor-construction.  The  dead  load  should  include  the  weight  c 
beams,  the  firepHXK>flng,  including  all  concrete  filling,  the  plastmns-  fa 
lathing,  nailing-strips,  and  flooring.  The  live  loads  may  be  estimaU 
means  of  the  data  given  in  Chapter  XXI,  pages  718  to  721. 

Example.  The  best  arrangement  for  the  columns  in  a  retail  store  \s  1 
them  18  ft  on  centers  in  one  direction  and  19  ft  6  in  in  the  other.  It  is  di 
to  run  the  girders  as  shown  by  Fig.  60j  and  to  pat  a  beam  opposite  each  a 
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I  two  beams  between  the  columns.     It  is  required  to  determine  tlie  proper 
s  of  the  t)eams  and  girders,  using  an  ordinary  end-arcb  construction  between 

beams 

Sofaitioii.  From  Table  VII,  page  836,  we  find  that  the  least  depth  of  arch 
it  is  advisable  to  use  is  10  in,  but  as  we  will  probably  have  to  use  za-in 
it  will  be  better  to  figure  on  a  X2<in  arch,  as  this  will  give  less  filling 
top.  The  weight  of  the  12-in  arch  will  be  about  39  lb  per  sq  ft.  We  shall 
require  2  in  of  C(Xicrete  filling  on  top,  which  will  weigh  16  lb,  and 
3  in  of  light  filling  between  nailing-strips,  weighing,  say,  9  lb  per  sq  ft.  The 
and  nailing-strips  will  weigh  about  4  lb,  the  plastering  on  the  ceiling 
and  we  must  allow  at  least  6  lb  per  sq  ft  for  the  weight  of  the  beams  them- 
es. These  make  a  total  dead  weight  of  79  lb  per  sq  ft.  The  live  load  for 
tan  store  should  be  taken  at  150  lb  per  sq  ft,  making  a  total  bad  per  square 
OQ  the  beams  of  229  lb.  The  total  load  that  each  beam  must  be  capable  of 
bporting  will  be  6Vi  ft  by  18  ft  by  S39  lb,  or  26  793  lb,  or  13.4  tons,  which  is 
■omed  to  be  uniformly  distributed.  From  Table  IV,  page  580,  we  find  that 
K  bad,  with  a  span  of  18  ft,  will  require  either  a  12-in,  45-lb  beam,  or  a  15-in, 
^4-Ib  beam.  The  latter  will  be  both  stronger  and  cheaper,  but  will  increase 
he  thickness  of  the  floor  by  3  in  and  require  additional  filling. 
The  gilder  must  support  two  concentrated  loads  of  26  793  lb  or  13.4  tons 
icb.  On  page  566  it  is  stated  that  when  a  beam  supports  two  equal  loads 
ffiied  at  points  one-third  the  length  of  the  span  from  each  end,  the  equivalent 
Bfiofmly  distributed  load  may  be  found  by  multiplying  one  load  by  2^. 
Utipljing  26  793  lb  by  2  K  we  have  71  448  lb  as  the  equiN'alent  distributed 
fed  on  the  girder,  to  which  should  be  added  the  weight  of  the  girder.  This 
jBies  a  standard  24-in  79-9-lb  beam  (Table  IV,  page  577). 
If  instead  of  using  tile  arches  between  beams  6^  it  apart,  we  conclude  to 
t  the  Hercidean  or  Johnson  omstruction  spanning  from  girder  to  girder,  we 
loW  frame  our  floor  as  in  Fig.  49.  For  this  span  we  should  require  lo-in  tiles, 
«hing  55  lb  per  sq  ft.  Allowing  8  lb  for  i  in  of  concrete,  9  lb  for  filling,  4  lb 
'flooring  and  strips,  and  5  lb  for  plastering,  we  have  81  lb  as  the  dead  load  per 
are  foot.  We  have  added  nothing  for  the  weight  of  the  girder,  as  this  will 
faUy  offset  by  the  portions  of  the  floor  not  loaded.  The  live  load  per  square 
I  will  be  150  lb  as  before,  and  the  total  load  to  be  supported  by  the  girder, 
ft  by  19  ft  6  in  by  231  lb.  or  81  081  lb,  or  40.54  tons,  which  will  require  a 
^  T9-9-lb  beam  (Table  IV,  page  577).  Hence  by  this  arrangement  we  save 
weight  of  the  floor-beams;  but  a  6-in  strut-beam  should  be  placed  between 
columns,  as  in  Fig.  49.  The  calculations  for  any  other  floor-construction 
amilar  to  the  calculations  for  this  example,  the  only  variations  being  in 
figuring  of  the  dead  weights  of  the  construction. 

kbles  for  Floor-Beams.  It  is  a  difficult  matter  to  prepare  tables  that  may 
tneraily  used,  showing  the  size  o!  steel  beams  required  for  fire-proof  floors, 
toie  such  beams  are  often  irregularly  spaced,  and  there  is  a  wide  variation 
le  dead  loads.  The  following  tables,  however,  may  be  used  in  making  approx- 
fc  estimates  and  in  checking  the  computations  for  any  particular  floor.  The 
I  of  I  beams  given  may  be  safely  used  where  the  total  live  and  dead  loads 
Bt  exceed  the  values  given  in  the  headings.  The  total  loads  should  include 
ieot  allowance  for  the  weights  of  any  partitions  that  the  floor-beams  may 
iHed  upon  to  support. 

ible  XIII  gives  the  sizes  and  weights  of  I  beams  for  floors  of  offices, 
h  and  apartment  houses;  Table  XIV,  for  floors  of  retail  stores  and  as- 
b'-rooms;  and  Table  XV,  for  floors  of  warehouses.  The  total  loads  used 
s  computations  are,  respectively,  120,  200,  and  270  lb  per  sq  ft. 
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Table  XnL    Stzes  and  Weishts  of  I  Beams  for  Floon  of 

and  Apartmeat-Houaoa 

Total  load,  Z20  pounds  per  square  foot 


f%                     9 

Distance  between  centers  of  beams  in  feet 

Spancn 

beams 

4H 

5 

SW 

6 

7 

in  feet 

in    lb 

in    lb 

in    lb 

in    lb 

in    lb 

10 

6    laW 

6    I2W 

6    X2M 

6    I2H 

7     IS 

IX 

6    I2l4 

6    I2M 

7    15 

7    IS 

7     15 

12 

6    X2H 

7    15 

7    15 

7    IS 

8    IS 

13 

7    IS 

7    IS 

7    IS 

8    l8 

8     l8 

14 

7    IS 

8    i8 

8    l8 

8    x8 

9      21 

ZS 

8    i8 

8    i8 

8    i8 

9     21 

9     21 

l6 

8    l8 

9    .21 

9     21 

9     21 

XO     25 

17 

9     21 

9     21 

9     21 

10     25 

XO      2S 

I8 

9     21 

9     21 

ID     25 

lO     25 

xa    3x1 

19 

9     21 

XO     25 

10     25 

lO     25 

X2     3l1 

» 

XO     25 

XO     25 

12    31^ 

12    3xV4 

xa    3x1 

ai 

XO     25 

12    31 V4 

12    31 Vi 

12    3iV4 

la    ixl 

22 

10     25 

12    31 W 

12    31 H 

12    31^ 

X5    4a 

23 

12    3x4 

12    3iV4 

12    31 H 

12     31 H 

IS     4*. 

24 

12    31 V4 

12    31 Vi 

12    31 W 

IS    42 

15     4^ 

25 

Z2     31 V& 

12    31 H 

15     42 

IS     42 

IS     4S 

Table  ZIV.    Sizea  and  Weights  of  I  Beams  for  noon  of 

and  Assembly-Rooms 

Total  load,  200  pounds  per  square  foot 


r^                  f 

Distance  between  centers  of  beams 

in  feet 

Span  of 

beams 

4>i 

5 

5^4 

6 

^ 

in  feet 

in    lb 

in    lb 

in    lb 

in 

lb 

«  ' 

10 

7    IS 

7    IS 

7    15 

8 

18 

8      1 

tz 

7    15 

8    18 

8    18 

8 

x8 

9     ^ 

12 

8    18 

8    18 

9    21 

9 

21 

9     t 

13 

8    18 

9    21 

9     21 

10 

25 

lo      1 

14 

9     21 

9    21 

10    25 

XO 

25 

12      \ 

IS 

9     2X 

10    25 

10    25 

12 

31  Vi 

12      J 

16 

10    25 

10    25 

12    31 H 

12 

31^4 

12       j 

17 

10    25 

12    31 V^ 

12    31 V4 

12 

31H 

12          A 

X8 

12     31 H 

12    31 Vi 

12    3lVi 

12 

40 

U          i 

19 

12     31 W 

12    31H 

12    40 

12 

40 

IS      % 

20 

1'    31 H 

12    40 

12     40 

IS 

42 

15    ^ 
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Total  load.  270  pounds  per  square  foot 

L  J 

Distance  between  centers  of  beams  in  feet 

4H 

5 

sH 

6 

6W 

ibec 

in    !b 

in    lb 

in    lb 

in    lb 

in    lb 

n 

8    18 

8    18 

8    18 

9    21 

9     21 

11 

8    x8 

9    21 

9    21 

■     9    21 

10     2S 

u 

9    21 

9    2X 

ID     25 

10    25 

10    25 

13 

XO     2$ 

10   as 

10     25 

12    31 H 

12     31 V4 

M 

10    23 

12   31 H 

12     31 H 

12   31 V^ 

12    31 H 

IS 

la    31 Vi 

12   31H 

12    31 >i 

12   31H 

12     40 

i6 

12    31H 

12   31 W 

12     31H 

12   40 

12     40 

17 

12   31 H 

12   40 

12     40 

12   40 

15     42 

f  IS 

12     40 

12   40 

•    IS    42 

IS    42 

IS    42 

X9 

12     40 

15    42 

IS    42 

15  42 

IS   42 

« 

IS   42 

IS    42 

IS    42 

IS    45 

IS    55 

-Rods.    In  aD  segmental  arches  and  other  types  in  which  a  thrust  is 

against  the  beams,  tie-rods  must  be  provided  to  prevent  the  beams 

t  being  pushed  apart,  and  especially  to  prevent  the  outer  bays  from  spread- 

They  should  run  from  besLia  to  beam  from  one  end  of  the  floor  to  the 

If  the  outer  arches  spring  from  an  angle,  as  in  Fig.  14,  the  tie-rods  in 

ly  should  be  anchored  into  the  walls  with  large  plate-washers.    The 

diould  be  located  in  the  lines  of  thrust  of  the  arches,  which  are 

below  the  half-depth  of  the  beams,  and  in  some  cases  near  the  bottom 

If  their  appearance  is  objectionable,  they  should  be  hidden  by  a  hung 

For  constructional  purposes  they  are  desirable  in  all  types  of  floor« 

even  though  the  floors  do  not  exert  a  thrust  on  the  beams. 

rule  tie-rods  are  proportioned .  and  spaced  according  to  some  rule  of 

rather  than  by  actual  calculations  of  the  thrust.     For  the  interior  arches 

C/ce  is  probably  safe  enough,  but  for  outside  spans,  and  particularly 

ital  arches,  the  thrusts  of  the  arches  should  be  computed  and  the 

>portioned   accordingly.    The  spacing  of  the  rods  b  generally  eight 

[the  depth  of  the  supporting  beams,  but  never  more  than  8  ft.    For  interior 

ardics»  the  following  rule  can  usually  be  safely  followed:   for  spans  of 

Iess»  use  H-iu  rods  spaced  about  5  ft  apart;  for  7-ft  spans,  ^-in  rods, 

and  for  ^ft  spans,  H-in  rods,  4  ft  apart. 

THRUST  of  an  arch  may  be  found  by  the  following  formula: 


r- 


3wL* 

2R 


*  r>*  pf«ssure  or  thrust  in  pounds  per  linear  foot  of  arch; 

^tp  -■  load  on  arch  in  pounds  per  square  foot,  uniformly  distributed; 

L—  span  of  arch,  in  feet; 

R  »  rise  of  segmental  arch,  or  effective  rise  of  flat  arch,  in  inches. 
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The  RISE  of  a  segmental  arch  is  measured  from  the  springing-line  to  the  ad 
of  the  arch  at  the  middle.  For  flat  hollow-tile  arches*  the  effective  rise  may 
figured  from  the  top  of  the  beam-flange  to  the  top  of  the  tiles.  As  the  ti 
usually  project  from  iM  to  2  in  below  the  bottom  of  the  beams,  the  effect! 
rise  will  be  from  2  to  aVi  in  less  than  the  thidcness  of  the  arch.  For  the  iatei 
arches  of  a  floor,  w  may  be  taken  for  the  live  load  only,  but  for  the  extei 
arches,  w  should  include  both  the  full  dead  and  live  loads.  Having  found  t 
thrust  of  the  arch,  the  spacing  of  the  rods  of  any  particular  size  may 
readily  determined  by  dividing  the  safe  load  given  for  that  size  of  rod  in  1 
table  on  page  388,  allowing  16  000  lb  unit  stress,  by  the  thrust.  The  res 
will  be  the  spacing  in  feet. 

Example.    What  size  of  Ue-rods  and  what  spacing  should  be  used  for  < 
floor-construction  described  on  page  863,  in  the  preceding  example? 

Solution.    The  depth  of  a  tile  arch  is  Z2  in,  the  dead  load  79  lb  and 
assumed  live  load  150  lb.    The  span  between  the  beams  is  6^i  ft.    Then, 
the  interior  arches,  w«>  150  lb,  IS-  12—  2>^»  9H  in>  l"^  6H  ft  and  2 
(3  X  ISO  X  42.2S)/(a  X  9W)  -  i  000  lb.    The  tensile  strength  of  a  W-ia  rod,  : 
upset,  at  16  000  lb  per  sq  in,  is,  from  Table  II,  page  388,  4  832  lb.     Dn 
ing  this  by  i  000  we  have  a  little  less'  than  4  ft  10  in  as  the  apacins.    1 
tensile  strength  of  a  H-in  rod  is  given  as  6  720  lb,  whidi  would  admit  of  a  sp 
ing  of  a  little  more  than  6  ft  8  in.    For  the  outer  spans,  w  should  be  taken 
150+  79  -  229   lb.      Then    T  -  (3  X  229  X  4».25)/(«  X  9V4)  -  1  526   Ib- 
this  thrust  we  should  use  ^-in  rods  spaced  about  4  ft  5  in  apart. 

Load-Tests.  It  may  be  desirable  at  times  to  test  fire-proof  floors  after  ti 
have  been  installed.  The  same  precautions  should  be  taken  as  for  tests  on  n 
forced-concrete  construction,  described  on  page  967.  If  it  is  desired  to  detenu 
from  such  tests  the  ultimate  strength,  a  section  of  the  floor  of  a  width  e«3 
to  the  span  should  be  cut  loose  from  the  rest  and  loaded  to  destruction, 
supporting  steel  beams  being  shored  up  during  the  test.  The  safe  work 
LOAD  is  found  by  dividing  the  breaking-load  by  the  proper  factor  of  saps 

6.  Fire-proof  Roof-Constniction 

Flat  Roofs.  Flat  roofs  are  constructed  in  the  same  way  as  the  floors,  ex< 
that  the  beams  and  girders  are  set  so  as  to  give  a  slight  pitch  to  the  roai 
drain  the  water.  As  the  roof-loads  are  usually  less  than  the  ploor-loah^ 
as  there  are  no  partitions  to  be  supported,  the  arches  or  roof-panels  are  nsv 
considerably  lighter  than  the  floor-panels,  but  the  general  const ructioa  is  fs 
tically  the  same  for  both.  When  the  roof  is  formed  of  reinfcMPCsed 
the  beams  may  be  set  so  that  the  concrete  will  give  the  desired  incli 
to  the  roof  and  will  have  a  nearly  uniform  thickness,  as  this  reduces  the 
of  concrete  required,  and  also  the  weight.  In  cases  where  level  ceilings 
sired,  however,  it  would  be  cheaper  to  set  the  roof-beams  level  and  to  _ 
the  roof  with  dry  cinders,  as  the  cost  of  the  hung  ceiling  would  more  than  oi 
the  cost  of  the  extra  construction  necessary  to  take  the  added  weight  of 
fill.  If  the  roof  is  to  be  covered  with  tin  or  copper,  nailing-strips  should 
bedded  in  the  concrete,  as  for  wooden  floors,  and  the  entire  roof  sheatbed,.  ; 
is  claimed  that  tin  or  copper  laid  over  terra-cotta  or  concretfc  will  rust  oui^ 
few  years.*  Gravel  or  tile  roofs  may  be  built  without  woodwork  of  any  % 
Whether  terra-cotta,  gypsum  tile,  or  concrete  is  used  for  the  roof-pandas 
sides  and  bottoms  of  the  steel  beams  and  girders  should  be  effide&tly  prot^ 
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•dl  u  iH  nthiniiu  and  all  other  ilnicttiral  meUl  in  the  roof-space.  In 
mBmry  building,  in  which  there  are  stair-weUs  or  elevator-weUj,  the  roof 
i  tipper  roling  are  hkety  (o  be  more  levenl;  tested  by  heat,  ic  case  of  fire. 
u  any  of  the  Soon  below,  and  eiperience  hai  ibown  tbat  this  part  of  the  build- 
often  has  the  poorest  protection. 
Pitched  Roofi.  Pitched  roofs  may  be  constructed  In  various  ways,  accord- 
t  u  tlw  material  tbat  is  to  be  used  and  the  kind  of  roofing  that  is  to  be  em- 
ycd.  When  terra-cotta  or  gypsum  tile  is  to  he  used  (or  the  fireprooliiig,  the 
unnn  method  o(  construction  is  that  which  involves  the  framing  of  tlw 
I  I-beam  rafters  and  T-iron  purlins,  set  borizontally  and  ^uced  i  in 
(tho' apart  than  the  lengthsof  the  tile.  Between  the  tees,  book  tiles,  or  rooGng- 
an  iJacett  oi  in  Ei<.  51,  md  tbe  loD&ng  Is  anitied  directly  to  the  surface  of 
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idle*.  If  the  roofing  is  to  he  of  slate  or  of  <1ay  tiles,  solid,  porous  terra-cotta 
Kka  ibauld  be  used  between  tlw  tees,  is  nails  arc  held  better  by  solid  blocks 
to  by  hollow  tiles;  gypsum  roof  tile  is  also  suitable  for  this  purpose.  Tfie 
ae  construction  may  be  used  for  flat  roofs;  but  on  account  of  the  eipense  of 
[  tees  it  will  usually  be  more  eipenaiwe  than  the  construction  above  described, 
1  nal  as  strong  or  desiiable.  With  the  construction  shown  in  Fig.  51,  it  is 
poeible,  by  any  economical  method,  to  effidently  protect  the  bottom  of  the 
tnoi  from  tbe  elTects  of  heat.  Reinforced-ciader  cuncrele,  or  reinforced 
BOS  terra-cotta  lile,  Johnson  System,  adords  an  eiLcllent  and  also  au 
"""■"--I  construction  lor  Bre-proof  pitched  nnfs.  Either  of  these  construc- 
■  may  be  tiled  between  or  □□  (op  of  the  rafters  without  the  use  of  purlins, 
cpt  about  once  in  from  6  to  lo  ft,  to  prevent  sliding  and  to  stiffen  the  roof. 
knc-inch  platea  of  concrete,  with  expanded  metal  embedded,  have  been 
CD^uJIy  tiaed  in  spans  of  from  6  to  7  ft  and  in  some  cases  even  in  S-lt  spans. 
!  cDocrete  ii  d^wsited  on  wooden  centerings,  as  in  tbe  floor-construction, 
tbe  upper  sde  ia  smoothed  off  during  the  setting  and  Soated  smooth  and 
icht  to  lEceivc  the  roof-covering."*    The  roof-covering,  usually  slate,  or 
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clay  tiles,  may  be  nailed  directly  to  the  concrete,  as  nails  are  held  nearly 
well  by  cinder  concrete  as  by  wood.  This  applies  only  to  cinder  concrete,  as 
is  quite  impossible  to  nail  into  rock  concrete  or  gravel  concrete.  In  concn 
roofs  the  rafters,  also,  should  be  surrounded  with  concrete  held  in  place 


BOOK  TILE 

Fig.  52. 


QOVeRNNtENT  ROOFINQ  ULC 
Hollow  Book  Tile  and  Solid  Tile  for  Roofs 


metal  lath.  With  terra-cotta  roofs,  the  beams  should  be  incased  with  ter 
cotta  blocks.  Fig.  52  shows  the  standard  shapes  of  book  tiles  and  solid  roofi: 
tiles.  These  are  made  2,  2Vi,  and  3  in  thick,  and  from  16  to  24  in  long.  Thi 
inch  book  tiles  weigh  about  13  lb  per  sq  ft,  and  24-in  solid  tiles  about  ifi 
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per  sq  ft.    Tiles  of  both  of  these  shapes  are  also  used  for  ceilings  and  wha 
light,  fire-proof  filling  is  required. 

Reinforced-Cement  Tiles.  Cement  tiles  of  interlocking  types,  made  in 
factory  and  reinforced  with  metal  fabric  or  mesh,  may  be  laid  without  sbeatl 
directly  on  steel  purlins.  This  type  of  construction,  however,  is  suitable  i 
as  a  semifire-resisting  roof-covering,  as  it  is  usually  made  with  plates  ol  ins 
dent  thickness  and  does  not  contemplate  the  thorough  incasing  of  the  9 
understructure  with  concrete  or  other  fire-resisting  materials.  Bonanza  Cen 
Tile  roofing  is  a  t>'pe  of  this  shop-made  tile  and  is  manufactured  and  contM 
by  the  American  Cement  Tile  Manufacturing  Company,  Pittsbuiigh, 
Two  t^TDCS  of  tiles  are  made,  one  for  pitched-roof  and  the  other  for  flatn 
construction  (Figs.  63  and  54).  The  properties  of  the  tiles  are  given  in  the 
lowing  tabulation: 


fire-prooi  JbCooi-Construction 

Stuidud,  Pitched^Roof  TUat 

Tlririmffls  of  tiles about  z  in 

Over-oH  dixBenfltons  of  tiles 26  by  53  in 

TOe^siuface  ezpoeed  to  weather 34  by  48  in 

Number  of  tiles  per  100  sq  It  of  roof i2Vi 

Weight  of  tiles  per  100  sq  ft  of  roof 1450  lb 

Standard,  Flat-Roof  Tiles 

Width  of  tiles 34  in 

Length  of  tiles 60  in  or  less 

Thickness  of  tiles iH  iQ 

Weight  of  tile-construction 16  lb  per  aq  ft 

OompogtBon  rooflng'w  ^^  /2«s/gqaare  twisted  bar 

16  expanded  metal 


8Q9 


»t»i< 111  II 


itl<>«tltl>l«l 
lt«MMMfliH 


Iti'MOtlil.  ,  ItUiMt 
«|i>    MtWItltlMUitk 

,,...1.1.....:, .,(.*». ,,.iV, 


WldCh  oftllo  j'o"' 
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Fte.  54.    Bonanza  Reinforced-cexnent  THes  for  Flat  Roofs 

The  ftat-roof  tiles  are  designed  for  and  have  been  used  in  connection  with 
Rflldings  for  manufacturing-plants  on  spans  of  5  ft  between  purlins.  On 
iase  spans  they  have  been  tested  up  to  an  ultimate  live  load  of  250  lb  per  sq  ft. 
(he  top  ajrfaces  of  these  tiles  are  finished  in  a  weather-proof  and  water-proof 
Blcdal  of  a  dark,  terra-cotta-red  color. 


"  ** ^  ^ Tm^nS'^ flk MiiB ai  ■  ^nra 


BtMl  Fabrlo 


B«isforolBf  -8tcel 


.  THROUGH  TYPE 


BtMl  Tfabi 


i __U;Lv^ 


^ 


Bt66lFl 


R«inforeiag  -8t«el 
•X"  TYPE  "H'J  JYPE 

Fio.  55.    Structollte  Roof-tile 
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Strnctolite  Roof-Tile.  Shop-made  roof-tiles  made  of  a  dense  quidc-settU 
gypsum  cement,  called  structolite  by  the  manufacturers,  are  put  on  the  mark 
by  the  United  States  Gypsum  Company  of  Chicago,  HI.  The  material  used 
said  to  have  an  average  idtimate  crushing  strength  ci  3000  lb  per  sq  in.  As  tl 
material  weighs  only  77  lb  per  cu  ft,  a  very  light  roof-constroction  results.  Tl 
tiles  are  reinforced  with  steel  in  much  the  same  manner  as  reinforced  concwrt 
and  their  strengths  are  figured  by  the  same  formulas,  using  working  stress 
appropriate  to  the  materials.  For  spans  from  4  to  6  ft,  a  trough-like  tile  is  use 
as  shown  in  Fig.  55.  For  greater  spans,  up  to  xo  ft,  the  T  tyf£  and  H  ttvb 
tile  are  used,  the  latter  when  a  continuous  flat  odling  is  desired.  The  tiles  a 
placed  directly  on  channel  or  I-beam  purlins,  but  when  the  flanges  of  the  pmli 
are  less  than  2^  in  wide,  bearing-plates  should  be  inserted  between  the  tiles  ai 
purlins.  The  weights  of  the  roof-tiles  in  lb  pet  sq  ft  are  as  follows,  the  til 
themselves  being  generally  designed  for  safe  superimposed  loads  of  50  lb  p 


sqft. 

* 

Span, 
ft 

Depth, 
in 

Trough  type, 
lb 

T  type, 
lb 

H  tj-pe, 
lb 

4 
5 
6 

7 
8 

9 
10 

5 
5 
5 

6 

6 

«» 

7 

14 
14 
IS 

13H 

14H 

14H 

x6 

16 

18H 

2Z 

21 

23 

22 

Robertson  Process.  Under  the  name  of  Robertson  Process  Fuoa 
the  H.  H.  Robertson  Company,  Pittsburgh,  Pa.,  make  and  install  gypsum  floo 
construction  of  the  same  general  character  and  design  as  the  Metropolitan  Floa 
(page  857).  They  also  manufacture  pre-cast  roof- tiles  designed  on  the  saa 
suspension-principle.  The  cables  protrude  about  2  in  at  the  ends  of  the  slab 
near  the  top  surface.  Wlien  set  in  place  on  the  roof-purlins  with  their  en 
abutting,  the  projecting  ends  of  the  cables  of  adjoining  slabs  are  tied  togetfti 
by  a  device  that  draws  them  taut,  thus  effecting  continuity.  The  tiles  are  rsl 
betted  at  the  ends  where  the  cables  emerge,  and  these  rabbets  are  filled  wit 
gjrpsum,  covering  over  and  protecting  the  cable-connections.  The  following  ai 
the  standard  sizes  of  roof -tiles: 

3  in  thick,  24  in  wide,  varying  in  length  by  3  in,  from  4ftointo6ftoia 
3  in  thick,  21  in  wide,  varying  in  length  by  3  in,  from  6  ft  o  in  to  6  ft  9  in 
3  in  thick,  18  in  wide,  varying  in  length  by  3  in,  from  6ft9into7ftoin 
3^  in  thick,  15  in  wide,  varying  in  length  by  3  in,  from  7  ft  o  in  to  8  ft  o  in 
3^  in  thick,  12  in  wide,  varying  in  length  by  3  in,  from  8ftointo8ft6in 

The  weight  per  sq  ft  is  14  lb  for  the  3-in  tiles  and  16  lb  for  the  3H-in  tiles. 

Mansard  Roofs  are  usually  framed  with  rafters,  riveted  or  bolted  to  wal 
plates.  The  space  between  the  rafters  may  be  filled  with  dnder  oonciete,  hoBq 
partition-tiles,  or  blocks  extending  from  rafter  to  rafter,  as  in  Fig.  56.  Shft 
or  tiles  may  be  nailed  directly  to  cinder  concrete  or  to  porous  terra-cotia.  Pml 
ably  the  best  way  to  attach  slates  or  tiles  is  to  nail  iV4  by  2-in  wooden  strips! 
the  outer  face  of  the  concrete  or  terra-cotta,  set  them  at  the  proper  distana 
\part  to  receive  the  slates  or  tiles,  and  then  plaster  between  the  strips  wit 
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mortar.    TUs  gives  a  better  nailing  far  the  roofing,  and  tht  wooden 
I  are  not  affected  by  fire  until  the  slate  is  practically  destroyed. 

f-Coreringi-  Tlie  materials  oidi- 
used  for  the  roof-oovering  of  te- 
buildings  are:  (x)  tar  and  gravel; 
jsphah  and  gravel  or  sand;  (3)  vitrified 
bricks,  or  alate  tiles  over  tarred  f elt« 
and  gravel,  or  asphalt  felting  and 
or  sand,  o£fer  the  cheapest  roof 
for  a  fire>proof  building;  and 
a  good  quality  of  felt  and  distilled 
or  the  beat  grades  of  asphalt  am 
make  a  very  satisfactory  covering: 
roofs,  however,  require  to  be  renewed 
eveiy  ten  years.  The  roofing  is  put 
m  the  same  manner  as  over  wooden 
the  felt  being  laic}  directl}*  oa 
oooaete.  Probably  the  best  flat  roof 
can  be  put  on  a  building  is  one  of 
or  slate  tiles,  hud  over  five  plys  of 
felt.  The  felt  is  laid  and  mopped 
\kt  a  gravel  roof,  and  the  tiles  are 
pled  on  the  felt  in  cement  mortar.  Vitrified  tiles,  about  8  in  square  and 
(m  thick,  «re  made  for  this  purpose,  and  slate  tiles,  12  in  square  by  i  in 
Itfc.  have  been  used.  Flat,  vitrified-brick  tiles,  also,  are  used.  Gravel  roofing 
M  not  be  used  on  roofs  which  have  an  inclination  exceeding  ^4  in  in  i  ft. 
t  pitched  or  inclined  roofs,  shites,  clay  tiles,  or  metal  tiles  may  be  used. 
9  t3es  are  superior  to  slate  when  exposed  to  fire  and  are  generally  to  be 
Aned  to  slate;  this  is  especially  true  of  some  of  the  patent  interlocking  tiles. 
JE,al9o,  pages  1582  to  1587,  and  1595  to  1599.) 

Btepended  Ceilings.    Office-buildings,  apartment-houses,  etc.,  having  flat 
h,  lequixe  ceilings  below  the  roofs  in  order  to  make  a  proper  finish  in  tiie 


FlO.  Sa,    TQes  for  Mansard  Roof 


^Kctel  I«th:  iMedto  Chamwl  Bam 
Tn,  57.    Suspended-ceifing  GistlUliluil 

iSk  ttid  also  for  heat-insulation.  In  office-buildings  the  ceiBngs  of  the  top 
f  are  often  framed  and  constructed  like  the  floors,  but  with  a  lighter  con- 
tioii.  More  often  the  ceilings  are  suspended  from  the  roof,  as  this  requires 
i  leas  steel  and  is  consequently  much  cheaper.  It  answers  the  purpose 
IS  well,  that  is,  if  the  roof-beams  are  efficiently  protected.    Fig.  57  shows 
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aoommon  construction  for  such  ceilings.  Wrought-iron  hangers,  about  j^ 
ffe  in  or  I  by  ^  in,  split  at  one  end  to  hook  over  the  lower  6anges  oH 
roof-beams,  are  used  to  support  Me  by  H-in  flat  steel  bars,  spaced  about  4  f 
centers;  and  to  the  under-aide  of  these  are  laced  H-Uk,  H~>^  ^  iH-in  chajoi 

xa  or  x6  in  on  centeti 
receive  the  metal  lati 
The  bottom  of  each  hai 
is  bent  at  right-angle 
fonn  a  seat  for  the 
and  the  bar  is  laced  to 
hangers.  No  bolting 
riveting  is  required,  al  < 
sections  being  ooiade 
ladng  wire,  or  by  ben 
the  iron.  Where  stifle 
wire  lath  is  used,  tlie  d 
neb  may  be  spaced  1 
on  centers;  but  if  tiie 
Suspended  Cefling.  Details  oC  IVo-bar  System  dinvy  expanded  laths 

used,  it  is  better  to  p 
the  channels  12  in  on  centers.  If  ordinary  lime  mortar  is  used  for  plasteria 
1 2-in  spacing  is  really  necessary.  Another  system  is  one  which  uses  i 
one  set  of  horizontal  ban,  which  are  ^Mced  dose  enou^  to  ceoctve 
lathing,  and  which  are 
supported  by  hangers. 
With  stiffened  wire  lath- 
ing, roof-beams  spaced 
not  over  5  ft  apart,  and 
short  hanger?,  this  may 
be  the  cheaper  system; 
but  without  the  stififened 
lathing,  there  is  no  stifT- 
ness  to  the  ceiling  at 
right-angles  to  the  bars. 
Where  the  hangers  are 
3»  4.  or  s  ft  long,  and  the 
spans  between  the  beams 


Fig.  58. 


Roof  beaour  sVetSw 


Fia  S9.    Suspended  Ceiling    Details  off  Two4»r  Sja 


wider  than  5  ft,  the  two-bar  system,  shown  in  Fig.  57,  requires  less 
the  reason  that  the  channels,  having  spans  of  only  4  ft,  may  be  BEwde  « 
light,  and  only  one  third  or  one  fourth  the  number  of  hangers  are  required, 
place  of  the  small  channels,  small  T  bars  or  flat  bars  may  be  used,  but  when 
bars  are  held  by  lacing,  channels  are  preferable. 

Figs.  58*  and  59*  show  very  satisfactory  details  for  the  construction  of 
two-bar  system.  Instead  of  the  hook  shown  in  Fig.  58,  the  hanger  nugp 
^lit  at  the  top,  one  half  bending  around  one  side  of  the  beam-flange  ani 
other  half  around  the  other  side.  Where  the  ceiling  Is  suspended  below  tfi 
cotta  arches,  toggle- bolts  are  used  for  the  support  of  the  hangers.  The  c 
of  the  small  bars  supporting  the  lathing  are  usually  spliced  by  means  of  shi 
iron  clamps,  about  6  in  long,  wrapped  closely  around  the  bars  and  ti«w*TM 
6ght.  For  suspended  ceilings  under  segmental  or  paneled  floor-construci 
the  same  methods  are  employed,  except  that  the  hangers  are  replaced  by  1 
holding  the  ceiling-bars  close  to  the  soffits  of  the  beams. 


*  From  Fire  Prevention  and  Fire  Protection,  J.  K.  Freitag,  pages  6S7  and  6SS.. 
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■ement  of  Fire-proof  Partitions.    As  a  rule  the  partitions  in  fire- 
buildings  are  not  required  to  support  any  weight,  but  merely  to  serve  the 
of  dividing  the  spaces  into  rooms»  and  to  confine  a  fire  to  the  compart- 
in  which  it  originates.    No  greater  strength,  therefore,  is  required  in  a 
m  than  is  necessary  to  carry  its  own  weight.    Rigidity,  however,  is  re- 
and  a  rigidity  in  proportion  to  its  height  and  unsupported  length.   When 
separate  apartments  or  sections  of  a  story,  that  is,  when  they  are 
icaOy  without  window-openings  or  door-openings,  they  should  be  rigid 
to  prevent  the  passage  of  water  from  a  hose-stream  as  well  as  the  pass- 
;<tf  flame.    In  other  cases  this  may  be  unnecessary;  in  fact,  at  times  it  may 
desirable  to  construct  partitions  which  can  be  easily  removed  to  get  at 
^ircading  through  doors  or  windows.    The  materials  of  partitions  should 
liBcnnbustible.    They  should  be  poor  conductors  of  heat.    It  is  desirable, 
to  have  them  unaffected  by  water.    Lightness  is  a  good  property,  as  any 
in  the  dead  weight  of  the  construction  adds  to  the  cost  of  the  structure, 
itioos  should  be  as  sound-proof  as  possible.    Window-openings  should  be 
wlien  possible,  in  fire-proof  partitions,  and  even  door-openings  should 
seduced  in  number  to  a  minimum.    In  many  buildings,  however,  in  which 
have  no  openings  into  streets  or  courts,  such  windows  are  necessary  for 
the  halls.    When  this  is  the  case  the  frames  should  be  made  fire-proof, 
should  be  used,  and,  if  possible,  the  sash  made  stationary. 

lire  Teslt  on  Partitions.  In  New  York  City  no  materials  or  tyjies  of  con- 
nection are  permitted  for  interior  permanent  partitions  in  fire-proof  buildings 
kt  ha\-e  not  met  the  required  fire  tests.  The  standard  test  of  the  American 
hdety  for  Testing  Materials  is  based  on  the  New  York  test.*  Briefly,  these 
irts  lequire  that  the  partition  shall  resist  for  one  hour  the  destructive  action  of  a 
lod  fire,  the  heat  of  which  has  been  gradually  increased  to  1 700**  F.  during 
k  fest  half-hour  and  maintained  at  that  temperature  for  the  balance  of  the 
■e;  and  that  it  shall  resist,  also,  for  two  and  a  half  minutes  at  the  amdusion  of 
Kfiie  test,  the  ^plication  of  a  hose-stream  at  30  lb  pressure. 

Ilypet  of  Partitioiia.  Fire-proof  partitions  that  are  in  common  use  may 
!  pooped,  according  to  the  materials  or  the  method  of  construction  used,  as 


(i)  Brick; 

(2)  HoUow  tile  or  tcrra-cotta; 

(3)  Concrete  (stcme  or  cinder); 

(4)  Gypsum  block; 

is)  Plaster  or  concrete,  with  metal. 

Tht  dioice  of  the  materials  and  the  type  of  construction  are  largely  influenced 
Itlie  character  of  the  building  and  the  purposes  for  which  it  is  used. 

hftitioii* Walls.  For  bearing-partitions,  that  is,  those  which  support  floor- 
las,  there  are  probably  no  materials  more  satisfactory  than  brick  and  con- 
fei  The  latter  may  be  used  either  in  the  form  of  blocks,  or  may  be  poured 
bfomis.  Dense  tile,  also,  is  being  used  with  satisfactory  results  for  bearing- 
Ik   Tests  show  a  cnishing  strength,  on  net  sections,  equal  to  that  of  brick. 

IkSov-TlIe  or  Terra-Cotta  Partitioiis.  These'are  usually  built  of  blocks, 
Icr  square  or  bride-shaped,  according  to  the  particular  product  used.  The 
lue  blocks  are  usually  12  by  12  in  on  the  face,  and  the  brick -shaped  blocks 
iBsoaliy  12  in  long  but  vary  in  height.    Both  shapes  are  made  in  thick- 

•  See  latest  Year  Book,  Am.  Soc.  for  Test.  Mats. 


874 


FiRproofing  of  Buildiogs 


Chap. 


oxaaa  varying  from  i  to  12  in.  The  j-tn.  e^n.  aod  6-in  blocks  are  conoM 
uied,  the  4-iD  blocks  being  ibe  most  populu  for  ordinary  work.  For. 
jDore  important  partitions,  such  as  stair  and  elevator-enclosures,  iHitl 
narrower  than  the  6-in  blacks  with  the  doi^ie  row  of  cells  should  be  n 
The  blocks  are  commonly  set  with  the  voids  vertical.     Fig.  OO  shows  Ijii 


FartitioD-blccks 

shapes  of  both  the  square  and  brick-shaped  blocks.  Fig.  61  show?  ra 
cotneted  and  angJe-comered  partiti 
'Terra-colta  partitions  of  a  3-ifl  thickness  have  been  placed  on  the  mn 
but  have  not  been  eitensively  used.  A  i.in  terra-cotta  paititioa  of  any  MM 
et  efficiency  is  quite  impracticable ,  and  where  fioor.area  is  10  valuable  1 
more  ^lace  cannot  be  occupied,  teita-cotta  is  not  the  material  to  be  emplcye 
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Kt)i  the  addhion,  however,  of  band-iron  laid  between  the  courses  and 
Bted  under  the  name  Phoeniz,*  the  strength  of  a  i*in  tile  partition  is  greatly 
ased  The  New  York  partition,  Bevier  Patent,  conaats  of  2-in  tiles,  rdn- 
diitfatniss-ffleta],  such  as  is  naed  in  the  New  York  floor-arch.  (SeeFig.28.) 


Vta.  61.    HoQow-tile  Round-comer  and  Angle  Partition>blocks 

CMS  Versus  Dense  Materials.  For  inside  partitions  the  forous  mate- 
ire  pieferahfe  to  the  dense,  while  for  outside  walls  the  dense  materials 
d  be  used.  With  dense  tiling  it  is  necessary  to  insert  either  wooden 
e-strips,  which  are  veiy  objectionable,  or  blocks  of  porous  tile  to  take 
phoe.  It  is  becoming  daily  more  difficult  to  get  the  sawdust  necessary  to 
the  parous  material. 

star.  Tile  partition>blocks  should  be  set  in  mortar  made  of  one  part 
Nitty,  two  parts  cement,  and  from  two  to  three  parts  sand.  The  blocks 
1  be  well  wet  before  setting  and  the  partition  wet  down  before  the  plaster- 
applied. 

ichts  and  Lengths  of  Terra-Cotta  Psrtiftions.  "The  safe  siight 
ra-cotta  partitions  in  inches  may  be  approximated  by  multiplying  the 
ess  in  inches  by  40.  Contfnon  practice  allows  a  safe  height  of  12  ft  for 
[6  ft  for  4-in,  and  20  ft  for  6-in  partitions.  For  partitions  without  side- 
tts  the  lENGTH  should  not  materially  exceed  the  SEife  height.  Doors  and 
nndows  may  be  considered  as  side  supports,  provided  the  studs  run  from 
ooeaing."t 

l|lttB.  The  WEIGHTS  of  either  porous  or  dense  terra-cotta  partitions 
''  not  be  taken  at  less  than  the  following,  adopted  by  the  Hollow  Building 
aodation,  as  proper  average  weights: 

3-in  partition,  14  lb  per  sq  ft; 
3-in  partition,  16  lb  per  sq  ft; 
4-In  partition,  18  lb  per  sq  ft; 
5-in  partitiouj  ao  lb  per  sq  ft; 


*  Made  by  Henry  Maurer  &  Son,  New  York. 
tFreitag. 
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6>in  partition,  22  lb  per  sq  ft  for  one-cell  blocks; 
6-in  partition,  24  lb  per  sq  ft  for  two-ceU  blocks; 
8-in  partition,  30  lb  per  sq  ft; 

not  including  plastering,  which  adds  about  10  lb  per  sq  ft  for  both  sides. 

Concrete  Partitions.    Partitions  of  stone  concrete  are  seldom  used  becai 
of  the  forms  necessary  for  their  erection,  which  make  them  comparativ 
expensive.    Unless  reinforced  they  take  up  too  much  room.     Furtfaenn* 
they  are  the  heaviest  of  all  partitions.    Even  in  buildings  that  are  entirely 
reinforced  concrete  they  are  not  always  used.     Cinder-concrete  partitions 
somewhat  lighter  and  considerably  cheaper  than  those  of  stone  concrete.     '^ 
even  these  are  too  heavy  and  too  troublesome  to  construct  to  be  satisfadc 
Among  the  pwirtitions  tested  and  approved  by  the  New  York  City  Build 
Bureau  is  one  that  consists  of  cinder<oncrete  blocks,  2^  and  3  in  thick, 
thicker  ones  being  hollow,  12  in  high,  and  18  in  long.    They  have  their  ed 
cast  with  tongues  and  grooves  that  furnish  more  or  less  of  a  bond  between 
blocks  when  they  are  set.    Hollow,  concrete  building-blocks  make  fairly  gi 
partitions,  but  are  objectionable  on  account  of  their  thirkntrss  and  weight. 

GypBum-Blocks.    The  term  gypsuic-blocks  is  now  more  generally  ( 
ployed  than  the  term  plastea-blocks,  as  it  is  more  accurately  descriptive.     ' 

principal  makes  on  the  maj 
are  the  acke,  nuule  by 
Acme  Cement  Plaster  C 
pany,  St.  Louis,  Mo.; 
ANCHOR,  made  by  the  An 
can  Gypsum  Company,  1 
Clinton,  O.;  the  pysm 
made  by  the  United  S» 
Gypsum  Company,  Chio 
HI.;  the  BELL,  made  hy 
Rock  Plaster  Manuliactii 
Company;  the  blocks  of 
Niagara  Gypsum  Cbmi 
and  the  M.  A.  Reeb  Coip 
tion,  both  of  Buffalo,  N. 
and  the  blocks  of  the  P^jiiM 
Gypsum  Company,  ] 
Bodge,  Iowa.  The  usual 
Doweled  CoostiuctxHL     of  these  blocks  is  12  in  fa 

in,  although  some  are  a 
13)^  in  by  32  in.  The  thickness  is  generally  2,  3,  4,  5,  6,  and  8  in,  for  the 
low  blocks,  and  2  and  3  in  for  the  solid  blocks. 

GypSQm-BIock  Partitions.  Blocks  made  of  gypsum  (plaster  ol  P 
combined  with  various  substances,  such  as  cinders,  wood  chips,  cocoanut  i 
asbestos,  etc.,  have  been  largely  used  for  partitions  in  fire-proof  buildings. 
principal  advantages  claimed  for  these  partitions  are  their  great  ligfatnea 
reduced  cost  compared  with  other  forms  of  partitions.  Gypsum  blocks  e$ 
readily  cut  with  a  saw,  and  have  a  considerable  holding  power  for  Tiailc  ^ 
fire  tests,  made  for  the  Bureau  of  Buildings,  New  York  City,  they  have  gci^ 
shown  considerable  resistance  to  the  flame  and  have  transmitted  less  heat 
partitions  of  any  other  form.  They  did  not,  however,  always  stand  the  1 
stream,  some  of  them  being  easily  pierced,  and  all  of  them  being  more  a 
washed  away  by  the  water.    An  objectionable  characteristic  of  these  bkx 


^0.02.    Plaster-blocks. 
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Sttendency  to  aluorbmdstuiB  while  bfing  stored  and  to  draw  water  from  the 
tains  when  it  is  applied.  This  miMsIun:  works  down  to  the  bottom 
lie  partilion  where  it  is  likely  to  injure  the  wooden  base.  These  par- 
XH  are  made  in  rmcKNEasES  vaiying  from  a  to  4  in,  those  less  than  3  in 
Udness  genenliy  bejnf  solid;  and  their  height  should  not  exceed  from  jo 
io  times  the  thickness  of  the  blocks,  implastered.  Hollow  blocks  should 
lys  be  set  with  tbe  cells  horizontal.  The  edges  of  the  blocks  are  gtenerally 
nrd  or  otherwise  anansed  so  that  tbe  mortar  joint  forms  a  key  between 
B.  In  some  forms  of  these  partitions  the  blocks  are  Bonded  together  by 
£1  of  metal  dowels,  *  running  across  the  boriiontal  and  vertical  joints  from 

block  into  tbe  adjoining  one,  as  shown  in  Fig,  62.  The  cut  illustratM  the 
fi  tbe  block  in  tbe  constructton  of  dumb-waJtei  shafts  and  shows  Etow  the 
ts  ve  anchored  at  the  comers  by  iron  dowel-angles.  Gypsum  plaster  is 
!  m  Uyins  ;das(er-blocks,  and  occasionally  Gbered-gypaum  plaster,  tempered 

nod,  may  be  employed.  All  of  tbe  partitions  in  ibe  newer  portions  of  the 
ladnack  Block,  Chicago,  and  in  many  other  prominent  buildings  of  Chicago 
New  York  City,  ajw  of  Gypsum  blocks.  Cypaum  blocks  make  the  lightest 
tical  partition  known.  Tbe  weight  of  these  pattitions  pet  square  foot  may 
iken  as  follows; 
Thickness  of  block,  inches.  .13  4  5  6        8 

Weight  in  lb  pet  sq  ft 10       iiM        14M        'TM       19       16 

out  S  lb  per  sq  ft  should  be  added  to  obtain  tbe  weight  oi  the  partition 

I  jJastered  on  both  sides. 

ick^te.    A  [daster-block  extensively  used  is  tbe  Mackolite  HoQow  Block, 

■bythe.A.B.FireproofingCompany.Chicago.Ill.   IMackolite paititiOD tiles 

jeoerally    made    in  tbe  forr* 

ainFi«.63.  Thej-in.jji-in. 

40  tiles  are  made  48  and  the 

s  JO  in  long,  all  tbe  tiles  being 

bigfa-    The  blocks  are  laid  in 

IT  cnutaes,  breaking  joint  at 

tstone  work,    lime  mortar 

ed  /or   setting.      In  fitting 

d  opemnss  or  at  angles  th* 

1  are  cut  with  a  saw,  and  this 

i  3  nutenal  saving  in  time 

uterial.      It  is  claimed  that 

ocks  make  vtry  strong  par- 

:     The  compositioQ  of  the 

is  plaster   of   Paris  miied  * 

cTtain  chemicals,  reeds,  and  Fig.  03.    Mackolite  Partition-blocks 

Reeds  ot    the  sirae  length 

blocks  are  placed  in  the  molds  and  the  pbster  of  Paris  and  liber  are  then 
with  water,  to  which  tbe  chemical  has  been  added,  and  poured  around  the 
0  that  they  are  nowhere  exposed.  The  reeds  give  longitudinal  strength  to 
icks  while  the  fiber  makes  them  tough  and  elastic.  The  material  seu  in 
lalf  an  hour,  after  which  the  blocks  are  kiln-dried  for  four  days. 
^„ttji  p^rtitioil*-  The  main  feature  of  these  partitions  is  the  GVPsmiTE 
hich  is  handled  and  erecttd  in  the  same  manner  as  a  wooden  stud  in  the 
y  non-fii^ proof  partitions.  The  stud  is  composed  of  wooden  nniUng- 
Dmi^tely  protected  aod  embedded  in  a  plaster-composition  known  as 
Srted  by  tbe  Sanitary  Fireproofiog  and  ConlmctLog  Co.,  New  York  City- 
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GVP£[N[TE  coHciETE.  Tbt  ttuds  iu«  (BRiIuUy  Dudc  and  an  plumb  and  b 
MeUl  latb  or  plaster-boards  are  secured  to  the  studs  and  plastered,  complel 
the  paitition,  whkb  is  about  4h  in  thick.  (Fig.  64.)  This  paitition  is  slixl 
heavier  than  the  ordinary  partitioD  ol  wooden  ntnMtuction.  It  is  qi 
as  stiS  and  as  strong  as  a  good  tite  or  other  partition,  andtbe  iuJIJiig-« 
feature  of  the  studding  faciUtatea  the  application  of  a  wooden  trim, 
is  said  to  be  particularly  sound-proof,  and  the  spaces  belwnn  the  it 
afioid  an  opportunity  to  conceal  pipes,  wins,  etc.  Uypsinile  studs  are  s  b 
by  13  Id,  and  weigh  3  lb  la  Ibe  fboL    Tbey  can  be  luade  My  uk  icquii 


Fic.  M.    GyiicbiEte  Sti>d>.  Mcut  Lath,  and  Plastet 

in  the  partitions  the  studs  are  usually  placed  i&  in  on  centers  and  bridged 
may  be  requiiwl.  They  are  fastened  to  the  floor  or  ceiling  by  the  use  ot  s 
and  plates  of  the  same  material,  or  by  light  channel -irons,  vhich  are  spiked 
the  lircprooGng.  The  manufacturers  bdieve  that  in  targe  quantities  these  sti 
can  be  furnished  as  cheaply  as  wooden  studs  and  that  the  partitions  can 
erected  as  cheaply  as  ordinary  lath-and-plaster  partitions.  Gypsinite  studsj 
manufactured  by  the  United  States  Gypsum  Company,  Chicago,  IlL 

Solid,  PlaitM-ud-Hetal  PartiHon*.  Thin  partitians  ot  plaster  apfi^ 
to  metal  lath  and  metal  studs,  made  sohd,  and  finished  about  1  in  Ihidi,  H 
been  eitensivdy  nsed  in  &re-proof  buildings.  They  are  mna^abty  Etifi,  ixri 
to  tbe  adhesion  of  the  plaster  to  the  steel,  and  th^  are  lighter  and  occupy  | 
(pace  than  any  other  practical  fire-proof  partition  of  equal  strragth.  Inl 
4re  tests  these  partitions  act  very  much  like  the  plaster-block  parlitiona.  roj 
'ng  thoroughly  the  passage  of  the  dames.  But  the  plaster  always  wash^ 
^hen  the  hose  is  applied  tmd  the  lath  becomes  eipmed.    Tbc  rigidity  of  I 
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1i  bbtic  CD  the  mtui  Kudding  hai  bean  conildend  by  Bteata  * 
Me.  u  it  is  very  difficult  to  cut  thiough  it  when  aeumtry  to  fet  at  >  tuc. 
I  (ODsCiuclioii  of  these  peititioiu  a  piacticall)'  the  lame  (at  the  diSennt 
jcs  used,  which  are  described  on  pAces  846  to  8so.  Tbii  lath  or  fabric  »p- 
p  tu  be  subject  to  the  corroecve  effects  of  the  plaster.  In  the  demolition 
kc  Pabst  Building.  New  York  City,  the  metal  latb  used  throughout  in  the 
Itioiu  was  found  to  be  conadeiablj  corroded,  after  about  four  years,  even 
tfb  the  latb  bad  bem  painted.    On  the  otber  hand  other  caies  are  died  by 


Fio.  6$.   TwoiDch  Solid  FlaNei  Partition.    Ekvation 

aanlacturere,  such  at  the  Chest  residence  at  Pittabuigh,  Pa.,  the  Sturtevaot 

a  al  SprinKfield.  Mass.,  and  the  West  EndTiuH  Building  at  Pbiitde)i>hi«. 

which  alter  twenty  years  no  corrosion  of  the  metal  lath  in  plaster  par- 

3  observed.     The  inveeUgalioiu  of    the  United    Slates  Bureau  of 

iou!  forms  of  stucco- const  ruction  seem  to  bear  out  ibe  manu- 

tion.     The  lath  should  in  all  cases  be  protected  against  iniliat 

It  corrosion  by  painting  or  galvanizing  before  being  embedded  in  the 
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thickness  may  be  estimated  on  a  basis  of  lao  lb  per  cti  ft  for  plaater,  and 
for  dnder  concrete,  slightly  tamped. 

Conttmction  of  Solid  Two-Inch  Partitions.    Figs.  65  and  66  sbtn 
usual  method  of  constructing  2-in  partitions.    The  studs,  usually  ^-in  oi 


I^Chamiel 


%  i;ii«ini0i\ 
ynning  for  Bmsx    \         I'  « 1*  « Itf  *-\      ^^9^^^ 


IbMih 
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Flo.  66.    Two-inch  Solid  PbMter  Partition.    Hori«mta!  Sectioa 


channels,  are  bent  and  punched  at  the  ends,  and  at  the  bottom  are  luul 
wooden  strips,  which  are  first  secured  to  the  floor-panels,  or  to  the  top  « 
steel  beams  where  tlie  partitions  come  over  them.  Tiiese  wooden  strips 
been  found  necessary  as  a  sort  of  cushion  to  allow  the  studding  to  exptt 
case  of  fire.  At  the  top,  the  studs  are  nailed  to  the  underside  of  the  floor-p 
or,  if  there  is  a  suspended  ceiling,  they  are  wired  to  the  bars  supportifl 
ceiling.  At  the  openings,  z  by  i  by  f^6'in  angles  are  used,  and  these  are  1 
every  i6  in  for  No.  12  screws,  used  in  attaching  the  rough  wooden  fran 
the  angles.  After  the  studding  is  in  position,  the  metal  lathing  is  laced  t 
side  of  it  with  No.  18  galvanized  wire.  After  the  lathing  is  in  place  tli 
penter  should  attach  wooden  grounds  to  secure  the  base,  and  p^^s  or  spot-^ 
for  chair-rail,  picture-molding,  etc.  These  grounds  are  secured  hy  st 
and  when  the  partition  is  plastered,  become  very  rigid.  In  plastering 
partitions,  five  coats  of  plaster  are  required  to  make  a  good  job;  a  scratd 
on  one  side,  a  brown  coat  on  each  side,  aiid  the  usual  white  coat  on  each  si 
finishing.  It  is  essential  for  all  thin  partitions  that  a  bakd-setting  moil 
used,  such  as  Acme  Cement,  King's  Windsor  Cement,  Adamant,  or  Rock 
Plaster.*  The  partitions  acquire  their  stiffness  largely  from  the  solidity* 
plastering,  hence  the  firmer  and  harder  the  plastering  the  more  substanti 
walls. 

Double  Partittons.    Electric  wires  and  }^-in  gas-pipes  can  be  run  in  tl 
SOLID  PARxmoMs;  but  if  it  is  desired  to  run  larger  pipes,  double  pastz 


# 
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)fowJSQ«LWlr»LMli«^  Vxt'xJi*!. 

Fia  67.    Four-inch  Solid  Platter  and  Concrete  Partition.    Horizontal  Sedl 


that  b,  partitions  with  lathing  on  each  side  of  the  studding,  must  be  iiaed 
these  partitions,  2-in,  3-in,  or  4-in  channels,  or  flat  bars  set  edgewise,  may  bi 
sheet-steel  channels  being  probably  the  most  economical.  When  tbe 
between  the  studs  is  not  filled  with  mortar  or  concrete,  the  double  PAd 

*Made  respectively  by  the  Acme  Cement  Piaster  Company,  St.  Loai^ 
T.  B  King  &  Company,  New  York;  the  United  States  Gypsum  Company,  Chici^ 
*nd  the  Rock  Plaster  Manufacturing  Company,  New  York. 
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Bt  Stand  fixe  and  water  as  well  as  the  solid  partitiok,  while  it  is  much  more 

■itnietion  of  Sofid  Fottr-Inch  Partitioiis.    Fig.  67  shows  a  paxiSal  sec- 

kroQgfa  a  SOLID  pakhtion  finishing  4  in  thick  when  plastered.    It  has  great 

{tb  and  resistance  to  fire  and  water,  and  affords       ^ 

sient  spaces  for  pipes  and  thicker  jambs  for 

bmes.    These  partitions  have  cores  of  cinder 

ete,  with  metal  lath  on  both  sides,  and  are  plas- 

m  the  usual  way.    As  the  concrete  will  receive 

DO  wooden  furring  is  required  to  fasten  the  base- 

k,  chair-rails,  and  picture-moldings  in  {dace. 

rger's  Economy  Studding  and  Furring.  Fig. 
inatrates  a  patent  stud  manufactured  by  the 
r  Manufacturing  Company,  Canton,  Ohio.  It 
deof  No.  18  or  No.  20  sheet  steel,  and  in  five 
mying  from  H  to  iH  in.  The  pecufiar  ad* 
ge  of  this  stud  is  the  provision  for  attaching  the 

For  this  purpose  prongs  are  punched  from 
lides  of  the  fiange,  which  are  left  standing  at 
ingies  to  the  face  of  the  flange.  The  lath  is 
1  against  the  stud,  the  prongs  pressed  through 
cahes  and  then  turned  up  over  the  lath  with  a 
ler.  This  fastens  the  lath  more  firmly  and 
if  thnn  by  any  other  method.  The  ends  of  the 
ize  secured  by  sockets  which  are  fastened  to  the 
tad  celling,  a  dear  space  being  left  above  the 
(  the  studs  for  exxxmslon.  Where  partitions 
set  or  where  there  are  angles,  angle-irons  with 
tare  used  in  place  of  the  T  irons.  By  using 
ituds  and  ezpanded-metal  lathing,  a  saving  in 
u  be  efifected  over  the  construction  shown  in 
6w  These  T's  are  used,  also,  for  supporting 
ided  ceilings  under  I  beams,  the  T's  being 
d  to  tbe  flanges  of  the  beams  by  specially  de- 

cfips.  Furring-strips  and  channels,  also,  are 
an  the  same  principle. 

dng  of  Stnds  in  Two-Inch  Sofid  Partitions. 

in  solid  partitions  with  ^^-in  rolled  channels  or 

ooDomy  Studs,  the  studs  should  be  placed  12 

znters  when  the  height  of  the  story  exceeds  10  ft.    When  the  height  of 

ly  is  less  than  xo  ft,  a  spacing  of  16  in  will  answer.    For  hollow  partitions 

-in  stnds,  the  studs  can  be  spaced  16  in  on  centers  for  story-heis^ts  of  61 

less.    For  greater  heights  they  should  be  placed  12  in  on  centers. 

Stud.  In  Fig.  69  is  shown  the  Rib  Stud  made  by  the  Truscon  Steel 
my,  Youngstown,  Ohio.  It  is  made  in  widths  of  2J.4,  3I4.  4Mi  ^}i*  and 
and  in  lengths  up  to  18  ft.  The  studs  are  made  of  open-heakte  steel, 
>-Tib  studs  weighing  0.55  lb  per  ft  and  the  three-rib  studs,  0.85  lb  per  ft. 
n  souD  PASTITEONS  with  y^  or  i-in  channels  or  studs,  the  studs  should 
xd  from  12  to  16  in  on  centers,  depending  upon  the  stiffness  and  rigidity 
ath-  A  1 2-in  spacing  should  never  be  exceeded  when  the  height  of  story 
J  than  12  ft.  For  hollow  partitions  with  2-in  studs,  the  studs  can 
ed  f  6  in  on  centers  for  story-heights  of  16  ft  or  less,  when  No.  24  (United 
^vige)  exfianded  metal  or  No.  18  (United  States  gauge)  wire  lath,  2)^  by 


k 


. 


Fio.  68.  Berger  Studding 
or  Furring  and  Stud- 
sockets 
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2^  mesh,  are  employed.  For  greater  heights  the  spacing  should 
12  in.  No.  22  (United  States  gauge)  expanded  metal,  weighing  at  least  4 
per  yard,  and  No.  20-gauge  V-fiUffeaed  wire  lath  or  wire  lath  with  rods  or  1 
eoers  spaced  7  >i  to  8  in  on  centers,  give  satisCactory  rigidity  for  both  partij 


1 1  i !  1 1  f^n 


2ii  Inches  and  3)4  Inchea  Wide. 


nineties  Wide. 


OSi  Incheaaud  SJilnchct}  Wide. 
Fic.  00.    Rib  Stud  for  Plaster  Partitions 

and  ceilings  when  the  studs  or  furring-strips  are  set  16  in  on  oentera.  1 
should  be  wired  to  the  metal  stiidding  with  No.  xS-gauge  annealed  galvm 
wire. 

Metal  Lath.    Numerous  styles  of  metal  lath  have  been  put  on  the  nm 
in  recent  years  to  provide  for  a  cheap,  light,  and  thin  partition-construd 

For  fire-proof  building 

STUDDDIC    should 

used.  Metal  lath  is  sufii 
either  plain,  painted,  or 
vanized.  It  is 
that  metal  lath  be 
least  painted,  to  prevent  in 
corrosion  until  the  bath  cs 
covered  by  the  mortar, 
vaniziog  is  necessary  w 
there  is  danger  oC  moii 
I  ~     ■  ^    '  "*  reaching  the  lath  while 

without  a  prolccti\*e  coa 

lime  or  cement.   Where  a 

ticular  type    of    lath   is 

mentioned  in  a   specification,  it  should  be  generally  described  as   foil 

*'  Painted  or  galvanized  No.  24-gauge  expanded-metal  lath,   weighing   not 

than  3H  lb  per  sq  yd,  or  painted  or  galvanized  wovea-wire  cloth,  Nq 


Fto.  70. 


Expaoded-metal   Lath   with   Diamond- 
shaped  Mesh 
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^  34  meshes  to  the  inch,  with  stiffenen  placed  8  in  on  centers  and  weigh- 
■ot  kss  than  s\i  lb  per  sq  yd."    Metal  lath  should  be  so  made  that  it  will 

phster  freely,  key  it  thoroughly,  and  wholly  embed  Itself  in  it.  These  are 
idcristics  of  expanded-metal  and  woven-wire  laths  which  make  thera 
tior  to  sheet  lath.  Sheet  laths  are  economical  in  the  use  of  mortar,  which 
if  covers  one  side  of  the  lath  and  latches  through  the  perforations  without 
iqghly  embedding  the  metal.  The  ififficulty  of  stretching  plain  wire  lath 
:  enough  to  make  a  firm  foundation  for  plaster  and  the  resulting  necessity 
t  dose  jyartng  of  the  studs  to  secure  the  required  bearing,  has  led  to  the 
doction  of  stiffened  wire  doth  and  ribbed  or  corrugated  expanded  metal 
lier  to  obtain  the  necessaiy  rigidity.  To  overcome  the  necessity  for  separate 
ag-studs,  expanded-metal  and  sheet-metal  laths  are  manufactured  also  in  a 
ikct  ste^  latb-and'Stud. 

[PANDED  iCETALS  differ  in  the  process  of  manufacture.  One  type  is  made 
mply  slitting  the  sheet  and  deploying  It  into  the  diamond  shape;  the  other 
is  made  &om  thin 
(  of    soft,   tough 

by  a  mechanical 
S5  which  pushes 
and  expands  the 
1  into  the  mesh 
at  the  same  time 
SK  the  direction 
e  edge,  so  that  the 
arface  of  the  cut 
d  is  nearly  at 
angles  to  the 
a!  surface  of  the 

It    is  claimed      ^^*  ^l-    Expanded-netal  Lath  with  Rectangular  Mesh 

the  COLD  WORK- 

of  this  low-carbon  steel  increases  the  elastic  limit  and  ultimate 
■GTH.  In  specifying  ejtpanded  metal,  it  is  necessary  to  give  the  weight  of 
nished  product  per  square  yard  as  weU  as  the  gauge  of  metal,  at  the  strands 
be  of  various  widths.  Expamded  metal  is  made  either  with  diamond-shaped 
70)  or  rectangular  (Fig.  71)  meshes.  When  laid  with  the  long  strands  per- 
icnbr  to  the  studs,  the  lath  with  the  rectangular  mesh  is  the  stronger  of  the 
lUgidity  is  also  obtained  by  corrugating  and  expandii^  the  metal  in  various 
>  which  make  the  so-called  ribbed,  corrugated,  and  integral  laths.  W121E 
i  is  stiffened  by  clipping  corrugated-steel  furring-strips  to  the  lath  or  by 
iotg  (H-  welding  rods  or  V-shaped  stiffeners  at  regular  intervals. 

pes  of  Metal  Lath»    Metal  lath  may  be  classified  as  foUows: 

Expanded-metal  lath; 

(a)  Diamond  and  rectangular  mesh, 

(h)  Ribbed  or  corrugated, 

(c)  Integral,  combining  functions  of  both  lath  and  studding. 
Sheet  lath; 

(a)  Flat  perforated, 

ib)  Integral,  combining  functions  of  both  lath  and  studding, 
Woven-wire  lath; 

(a)  Plain, 

{b)  Stiffened, 
le  of  the  laths  and  their  characteristics  are  given  in  the  following  para- 
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(1)  Ezpanded-Metal  Lath 

Rotary  Diamond-Mesh  Lath.  This  lath  is  made  by  the  Berber  M 
facturing  Company,  Canton,  Ohio.  It  is  furnished  in  sheets  i8  by  96  ii 
Nos.  27,  26f  25,  and  24  gauge,  weighing  respectively  2H  lb,  2^  lb,  3  lb,  anc 
lb  per  sq  yd.  It  is  made  of  Toncan  Metal,  for  which  greater  HOifOGENEn 
claimed  than  for  charcoal-iron  and  steel,  and  less  liability  to  corroskii 

PITTING. 

Bottwick  Lath.  Bostwick  lath  is  made  by  the  Bostwick  Steel  Lath  € 
pany,  Niles,  Ohio.  It  is  furnished  in  sheets  14  by  96  in,  approximately  x  sq 
and  also  24  by  36,  and  is  made  in  Nos.  24  and  37  gauge. 

Steelcrete  Lath.  This  material  is  manufactured  by  the  Consolid 
Expanded  Metal  Companies,  Braddock,  Pa.,  and  is  furnished  in  t^ro  st; 
known  as  steelcrete  A  lath  and  steelcrete  B  lath,  for  exterior  stucco-w 
and  in  the  standard-form  diamond  lath,  extensively  used  for  exterior  amc 
tenor  plastering-work.  Steslcrete  diamond  lath  is  divided  into  three  d 
nations,  P  lath,  F  lath,  and  H  lath.  The  P  lath  meets  the  spedficatioi 
the  United  States  Post  Office  Department,  weighs  4.37  lb  per  sq  yd,  and  is  mi 
factured  from  22-gauge  material  in  sheets  24  by  97  in.  The  F  lath  is  mam 
tured  in  sheets  24  by  97  in  from  the  gauges  34,  25,  26,  and  27,  respecti 
weighing  3.40,  3.00,  2.55,  and  3.33  lb  per  sq  yd.  The  H  lath  has  a  size  of  a 
38  by  97  in  and  is  manufactured  from  the  gauges  34  and  26,  weighing  resf 
ively  3.90  and  2.30  lb  per  sq  yd.  Steelcrete  lath  can  be  obtained  mani 
tured  from  open-hearth  black  sheets  or  galvanized  sheets,  or  in  copper-bea 
sheets  (add-resisting). 

A  Diamond*Me8h  I«th  is  made  by  the  Peim  Metal  Company,  Bc« 
Mass.,  in  sheets  34  by  96  in  in  size  and  of  the  following  gauges:  No.  32,  weagl 
4  lb  per  sq  yd;  No.  34,  weighing  34  and  3  lb  per  sq  yd;  No.  36,  weighing  2i 
per  sq  yd;  and  No.  27,  weighing  2.3  lb  per  sq  yd.  For  such  extraofdh 
conditions  as  are  found  in  gas-plants,  dye-works  or  places  where  excel 
moisture  or  salt-air  action  exists,  Hampton  Rust-Kesisting  Lath  is  made.  > 

Ety  Ezpanded-Motal  Lath,  made  by  the  General  FireprooBng  Comp 
Youngstown,  Ohio,  is  furnished  in  sheets  24  by  96  in,  in  Nos.  27,  26,  25,  am 
gauge,  weighing  respectively  2.34,  2.50,  3^00,  and  3.40  lb  per  sq  yd. 

Kno-Bum  Lath,  made  by  the  North  Western  Expanded  Metal  Oxnpi 
Chicago,  III.,  is  furnished  in  sheets  18  by  96  in,  in  Nos.  27,  26,  25,  and  24  gm 
weighing  respectively  3^1  2^,  3,  and  3.4  lb  per  sq  yd.  When  made  JErai 
special  acid-resisting  sheet  steel,  this  lath  is  sold  under  the  name  X3C  Ccnl 
Expanded  Metal  Lath. 

Herringbone  Expanded  Metal  Lath  (Fig.  72),  made  by  The  General  1 

proofing  Company,  Youngstown,  Ohio,  is  furnished  in  thtee  styles,  A,  AAA, 
BB.  Style  A  is  made  in  sheets  13^  by  96  in  (x  sq  yd),  of  No.  28-gauee  m 
weighing  3  lb  per  sq  yd.  Style  AAA  is  made  in  sheets  18  by  96  in,  and  fraoi 
36,  and  34-gauge  metal,  weighing  3.53,  2.81,  and  3.79  lb  per  yd,  lespecth 
Style  BB  is  made  in  sheets  30^4  by  96  in  (i^  sq  yd),  of  Nos.  37,  26,  and  24-9 
metal,  weighing  respectively  3^,  2^,  and  3H  lb  per  sq  yd.  It  is  made  of  d 
American  ingot-iron,  or  galvanked  sheets.  Ribs  aie  set  acroas  studs  and  d 
down  towards  them. 

Sykes  Expanded  Cup-Lath,  made  by  the  Sykes  Metal  Lath  and  Roo 
Company,  Niles,  Ohio,  is  furnished  in  sheets  18  by  96  in,  with  an  »r%^ 
coating,  or  painted  black,  or  galvanized.  It  is  made  of  Nos.  37,  26, 
i^auge  metal,  weighing  respectively  3.8,  3,  and  3.7  lb  per  sq  yd. 
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Iwdazd  Rib  Lath,  made  by  the  Tniacon  Steel  Company,  Detroit,  Mich., 
midied  in  sheets  20^  by  g6  in,  in  grades  i,  2,  and  3,  weighing  respectively 
»^43»  and  4.X0  lb  per  aq  yd.  Thia  oompaQy  makes  also  the  Beaded  Plate 


Fig.  72.    Expanded-metal  Lath,  Herringbone  Mesh 

lAis,  which  is  about  35%  heavier  and  more  rigid,  permitting  wider  spacing 
istuds. 

iteesh  IMamond  Ezpandad-Metal  Lath  is  manufactured  by  the  Mil- 
te  Corrugating  Company,  Milwaukee,  Wis.  This  Lath  is  furnished  in 
^  ?4  by  96;  in  27,  26,  25,  and  24  gauges,  painted;  and  in  26  and  24  gauges 
hot-galvaaixed  after  cutting.  This  Company,  also,  makes  ooutuoATED 
tr-FnuoNO  LATH,  in  sheets  21^  by  96  in,  same  gauges,  except  No.  25,  as 


b-Fbt  Latfaf  made  by  the  North  Western  Expanded  Metal  Company, 
p\  III.,  is  furnished  in  sheets  22  by  96  in,  of  Nos.  24,  25,  26,  and  27-gauge 
,  wughing  respectively  3.80^  3.36,  2.82,  and  2.62  lb  per  sq  yd.  This  lath 
bs  running  obliquely  across  the  sheets  at  the  same  angle  as  the  strands 
mesh.  Thia  corrugation  is  said  to  give  the  lath  greater  bigidity  so  that 
be  used  on  3a-in  centers  for  walls  and  on  24-in  centers  for  ceilings.  The 
atioiis  act  as  furring-^trips.  It  is  made  from  a  special  acid-resisting 
and  is  always  supplied  painted. 

»gial  Sxpandad-Metal  Lath.  Truss-metal  lath.  Fig.  73,  made  by  the 
cm  RolBng  Mill  Company,  Middletown,  Ohio,  is  furnished  in  sheets 


Fig.  73.    Truss  Metal  Lath 

^  in,  of  Nos.  26  and  28-gauge  metal,  weighing  respectively  80  and  66.7  lb 
>  sq  ft.  A  partition  constructed  of  this  lath  in  one  of  the  test-structures 
Dnbia  University,  New  York  City,  passed  through  and  withstood,  with- 
f  sgn  of  distress,  the  fire  and  hose-streams  of  five  successive  tests. 

•Saatmfngt  made  by  the  General  Fireproofing  Company,  Youngstown, 
I  fuznisbed  in  sheets  29  in  wide  and  in  lengths  varying  by  i  ft,  from  4  to 
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12  ft,  of  Nos.  28,  36,  and  24-gauge  metal,  weighing  respectively  0.58,  0.70, 
0.93  lb  per  sq  ft.  llie  width  of  39  in  is  the  covering  capacity,  as  laps  are 
vided  for  by  outside  ribs.    (See,  also,  page  853.) 

Hy-Rib,  made  by  the  Tmscon  Steel  Company,  Detroit,  Mich.,  is  fumish 
three  types  known  as  4-Rlb,  3-Rib,  and  Deep  Rib.  The  first  is  in  sheets 
in  wide,  attd  the  others  in  sheets  14  in  wide.  (See,  also,  page  853.)  All  style 
furnished  in  Nos.  34,  26,  and  28-gauge  metat  The  standard  lengths  are  6,  i 
and  12  ft.  Other  lengths  below  12ft  are  cut,  but  the  waste  is  at  the  cost  a 
purchaser.  Hy-Rib  sheets  interlock  at  the  sides  and  ends.  In  orderini 
allowance  need  be  made  for  side  lapa,  but  for  end-laps  2  in  should  be  allows 
laps  over  supports,  or  8  in  between  supports. 

Trussit  is  manufactured  by  The  Cveneral  Fireproofing  Company,  Yo« 
town,  Ohio,  in  sheets  19  in  in  width,  and  in  lengths  of  8,  10,  and  12  ft,  frou 
26,  and  24  gauge,  weighing  0.57*  0.62,  and  0.83  lb  per  sq  ft,  respectively. 

(1)  Sheet  Lflth 

Clinched  Lath,  made  by  the  American  Rolling  Mill  Company,  Mk 
town,  Ohio,  is  furnished  in  sheets  i3>3  by  96  in  (i  sq  yd),  of  No.  3o-gau£e  m 
weighing  4^  lb  per  sq  yd. 

Tns8»-Loop  Lath,  Fig.  74,  made  by  the  Bostwick  Steel  Lath  Cdmp 
Niles,  Ohio,  is  furnished  in  sheets  13  H  by  96,  16H  by  80,  24  by  96,  and  « 

96  in,  weighing  4H  lb 


This  lath  is  furnished jpaiated  ui 
otherwise  specified. 

Genflre  Sheet-Steal  Id 
made  by  the  General  Fireproe 
Company,  Youns^town,  Ohio^ 
furnished  in  sheets  24  by  96 
weighing  4.6  lb  per  sq  yd,  paa 
unless  otherwise  specified. 

Sykes   Trough    Sheet     L 

made  by  the   Sykes  Metal    I 

and  Roofing  Company,  Niles,  0 

b  furnished  in  sheets  13  Va  ^y9 

(i  sq  yd),  iSH  by  96,  i8u  by  96,  and  25>i  by  96  in,  weighing  5  lb   per  sq 

and  made  with  an  antirust  coating,  or  painted  or  galvanized. 

Integral  Sheet  Lath.  Rib-Trass,  made  by  the  Berger  ^fanufactu 
Company,  Canton,  Ohio,  is  furnished  in  widths  of  24  In,  and  in  stock  length 
4,  5,  6,  8,  10,  and  12  ft,  as  follows: 


Fig.  74.    Bostwick  Truss-loop  Lath 


Weight  per  square  yard  in  pounds 


J 


I  H-in  rib 

73 

8z 

88 

117 


J4-in  rib  l-in  rib     | 


«3 

02 

100 
t33 
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(3)  Woven-V^ra  Lalli 

IF«na-in»  Lath  Is  furnished  with  or  without  snnrEHESS,  which  «re  dtbec 
bur  V-SBAFED  BIBS  nuiTUDS  thnugli  the  w!ie  me^h  to  ninfarce  and  stiffen  it. 
isavplied  poiDted  or  unpaiated,  or  it  is  galvamzed  after  veaviog.  It  can  be 
ntsbed  to  order  in  any  requited  width  up  to  lo  ft.  In  widths  leu  than  i3  in, 
St  is  1  Hnail  charge  for  snUPFiNO.  Befoic  ordering,  it  is  very  importanl  to 
Btiin  the  profier  width,  espedally  of  stiffened  latli,  as  it  is  desirable  to  have 
itdBCSof  the  lath  lap  at  the  sui^Mrts  wheie  it  is  laoed  to  inn  iuiring.  When 
'Ml  'a  not  of  the  proper  width  the  results  are  not  so  food  and  there  is  liable 
he  a  waste  of  maieriaL  TheAtandard  width  of  plain  and  of  V-UB  anFFEXKD 
■  is  36  in.  When  beams  01  studs  aie  sfi&ced  16  in  from  center  to  center,  the 
lAuuldbe^  or^S  in  wide. 

Ih*  CSntoo  Stiffenad  Lift  hu  oorragsted-steel  rvumro-snun  attached 
IT  8  in,  crosswiae  of  the  fabric,  by  nieans  of  ihtaL  CUPS.  Jhtaie  strips  mn- 
Ke  the  rtiaiiNG,  and  the  lath  is  applied  directly  to  the  undcnde  of  the  Sdof- 
Is.  or  to  planking.  furrinK,  brick  walls,  etc.  This  lath  is  made  in  36-in  widths, 
h  >H  DKsbes  to  the  inch,  and  comes  in  loo-fC  rolli.  The  masufBcturen  of 
ibth  make,  abo,  a  lath  EnrrzniD  with  kooid  rods,  M  to  i  in  in  diameter, 
xd  from  S  to  II  in  apart.  It  can  be  bad  either  galvanised  or  japanned,  and 
UtkneaBes  from  18  to  at  gauge.  Clinton  plain  niBE  iath  is  furnished  in  rolls 
fllo>«. 

!b*  Roabltng  Standard  Wire  I«th  (controlled  by  the  New  Jeney  Wire 
ACompiny,  New  York),  is  made  of  plain  was  CU)IH,  in  which,  at  intervals 
li  in,  sarwEHifia  bibs  ait  woven.  These 
hive  a  V-shaped  section  and  arc  made  of 
i4Sbeet  steel,  Hand  i  iniadepth.  The 
I  rib  is  the  standard  size  for  lathing  on 
dwock.    This  lathing  requirec  no  furring, 

ii  applied  direcliy  W>  woodwork  or  to 
l.withitml  pails  driven  through  thebot- 
of  the  V,  as  shown  in  Fig.  75.  The  No. 
'-rib  stiffened  lathing  affords  a   aatisfac- 

surface  for  plastering,  when  attached  to 
lor  beams  spaced  16  in  apart.  The  i-in 
b  lathing  is  used  lor  furring  exterior 
L    It  provides  an  air-space  between  the 

and  plaster.  Where  this  lath  Is  to  be 
ird  to  Kght   iron  Euning,  a  «.  or  Miin    ^,^  jy    RoebW  V-rib  EtiatMd 

steel  rod  is  substituted  for  the  V-rib.  ij-i„  l^,!, 

the  lathing  is  attached  to   light   iron 

ng  with  lacing  wire.  This  iatk  is  distinguished  from  the  others  by  the  term 
-Rib  Stiffened  Wire  Lath.  The  Roebllng  lath,  whether  plain  or  stiffened. 
»de  with  3  by  i,  i!4by»iM,andiMby4-tn  mesh,  the  last  named  lieing 
■nasCtOSE  WARP.  TheiHhy  iM  mesh  is  adapted  to  all  plasters  contain- 
bc  usual  proportion  of  hair  or  fiber.  The  jtj  by  4 -in  mesh  should  be  used 
>rd  plasters  and  thin  partitions.   The  lath  can  be  tumi^ied  in  widths  up  to 

the  rolls  sveraging  50  yd  in  length. 

l]I-Ba«rd«.  There  are  various  forma  of  waii-boards  of  an  incombustible 
I,  most  of  them  made  of  gj'psum  in  combination  with  felts.  They  can  be 
as  substitutes  for  laths.  TTiey  are  very  light  and  require  but  little  plister- 
laterial.  WTien  this  saving  is  taken  into  account,  wall-boards  cost  less  than 
:  lath  and  but  httle  more  than  wooden  lath  with  three  caats  of  plasler.    The 
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boards  are  generally  32  by  36  in  in  sise,  and  K*  ^'f  Ht  or  H  in  in  thickai 
The  thinnest  boards  (^  in)  weigh  i  H  lb  per  sq  ft,  and  the  thidiest  (H  in)  2^ 
Wall-boards  of  asbestos  are  described  on  page  819.  The  best  known  is  zkami|| 
made  by  the  H.  W.  Johns-Manville  Company,  New  York.  , 

Sacketf  •  Wtll-Board.  This  is  a  composite  board  of  three  layers  of  f 
gypsum  and  four  thin  layers  of  wool-felt.  The  boards  can  be  nailed  to  wool 
studding  or  set  flat  against  solid  beams  or  planks,  and  can  be  cut  with  a  t 
For  plastering,  the  best  results  are  obtained  by  applying  first  a  brown  cotti 
hard  wall-plaster,  yiio  H  in  thick,  and  when  this  is  thoroughly  set,  finlshi^ 
with  a  thin  coat  of  regular  hard  finish  of  lime-putty  and  plaster.  Testa  1 
investigations  at  the  Underwriters'  Laboratories  "have  shown  Sackett  Boi 
Perfection  Brand,  to  be  suitable  as  a  base  for  fibered-g3i»um  plasters;  axxl «] 
attached  to  walls,  ceilings,  and  partitions  and  coated  with  H  in  of  plaster,  poM 
fire-retaiding  properties  considerably  higher  than  those  of  wooden  lath  ^ 
gypsum  or  lime-and-oement  plaster."  The  Perfection  Brand,  Sackett's  W 
Board,  is  H  in  thick,  and  is  attached  with  No.  ioH»  H-i&»  flat>^beaded,  ^>bari 
wire  nails,  i  K  in  long,  and  spaced  not  more  than  6  in  at  each  support.  Sacxei 
Board  is  made  by  the  United  States  Gjrpsum  C^ompany,  Chicago,  UL,  and 
Grand  Rapids  Plaster  Company,  Grand  Rapids,  Mich.  Other  makers  <rf  gypa 
wall-boards  are  the  J.  B.  King  Company,  New  York  (Diamond  Brand)* 
Southern  Gypsum  Company,  North  Hokton,  Va.  (Economy  Brand),  and 
American  Gypsum  Company,  Port  Clinton,  Ohio  (Monarch  Brand). 

Mettl-Rib  Plaster-Board  is  composed  of  alternate  layers  of  strong  abaotb 
paper  reinforced  with  fine  annealed  wire  about  2  in  on  centers,  and  stifici 
transversely  with  V^in  iron  bands,  No.  32  gauge,  placed  8  in  on  centers.  1 
material  is  made  up  to  a  total  thickness  of  about  M«  in,  impregnated  witi 
coal-tar  product,  and  provided  every  2  In  with  Me-hi  circular  holes  to  key  ^ 
plaster.  This  is  added  to  the  adhesive  e£Fect  of  the  absorbent  paper.  II 
furnished  in  rolls  85  ft  long  and  34  in  wide,  nailed  directly  to  the  studs  or  bei 
set  12  or  16  in  on  centers,  and  lapped  2  in  at  all  joints.  This  board  is  recc 
mended  for  use  with  hard-plaster  mortars  only,  and  forms  a  satisfactoty  hi 
for  three-coat  work,  in  which  the  lap-joint  obviates  the  cracking  freques 
associated  with  ordinary  plaster-board  construction. 

Bettwall.  Bestwall  is  primarily  intended  for  use  as  an  interior  finisb 
side  walls  and  ceilings  in  buildings  of  all  classes.  It  may  be  used  in  aU  atuati 
where  finishes  of  lath  and  plaster  may  be  used,  and  in  many  situations  wk 
the  latter  finish  is  not  adaptable.  It  consists  of  a  single  layer  of  fiber  calcn 
gypsum,  surfaced  on  each  side  with  specially  prepared  water-proofed  paper 
curely  bonded  to  the  surface.  Bestwall  is  H  in  in  thickness,  and  is  furnished 
stock  sizes  47H  in  wide,  and  in  lengths  of  5,  6,  7,  8,  9,  and  10  ft.  The  finirf 
product  presents  a  smooth,  true  surface,  which  is  light  cream  in  color  on 
face-side  and  gray  on  the  reverse  side.  The  edges  are  slightly  beveled  to  | 
vide  for  the  filling  of  the  joints,  and  are  doubly  reinforced.  Its  weight  is . 
proximately  1850  lb  per  1,000  sq  ft.  Interior  finish  composed  of  Bestwal 
applied  by  nailing  the  Bestwall  directly  to  the  joists,  studs,  and  furring.  1 
filling  the  joints  between  the  pieces  of  Bestwall  with  a  specially  prepared  fi 
of  the  same  composition  as  the  core  of  the  board.  For  the  nailing,  threepei 
fine  wire  nails,  spaced  from  2  to  3  in  at  the  edges  and  from  8  to  1 2  in  at  the  iad 
mediate  supports,  are  used.  The  filling  consists  of  two  operations;  first,  aoc^ 
ING  IN  and  then,  troweling  out,  to  a  smooth,  true  finish,  flush  with  the  suiii 
Bestwall  is  cut  and  fitted  either  with  a  saw  or  by  scoring  and  breaking  ove 
straight-edge.   The  completed  finish  presents  a  smooth,  true,  continuous  surfi 
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tfaoat  shovring  joints  or  nail-lieads,  and  ready  to  receive,  if  desired,  a  decoration 
pBint,  paper,  tint,  etc. 

Skift-Constmction.  The  most  important  partitions  in  a  building  are  those 
ksng  interior  shafts.  Vertical  openings  through  buildings  form  flues  and 
m  up-draf ts.  In  all  buildmgs,  fire-proof  as  well  as  non-fire-proof,  therefore, 
gr  should  be  inclosed  for  two  reasons:  first,  to  prevent  a  fire  that  would  find 
Btnral  outlet  in  such  openings  from  spreading  to  other  floors;  and  secondly, 
prevent,  as  far  as  possible,  a  fire  from  getting  into  these  openings  where  the 
ift  would  greatly  increase  its  fury.  To  be  thoroughly  effective  the  inclosed 
Bs  should  be  constructed  of  the  same  materials  as  the  outside  walls  of  the 
Uings,  namely,  brick,  stone,  or  concrete.  While  they  need  not  be  of  the 
tt  thickness  as  the  outside  walk,  12  in  is  recommended  as  a  minimimi  thick- 
I.  In  less  important  structures  terra-coCta  partitions  are  sometimes  used 
such  inclosing  walls.  In  the  walls  inclosing  elevator-shafts  no  openings 
rpt  those  necessary  for  entrance-doors  should  be  permitted.  The  doors 
idd  be  of  fize-proof  construction,  pages  901-2,  and  made  solid.  Glass  Ughts 
sometimes  provided  in  such  doors,  although  this  is  not  good  practice;  if 
f  are  used,  wire-glass,  only,  should  be  used,  in  accordance  with  the  limita- 
IS  noted  on  pages  90^-3.  Open  grille- work  for  passenger-elevator  enclosures 
eisg  rapidly  superseded  by  construction  which  is  more  fire-resisting.  The 
Utectural  features  of  open  grilles  may  still  be  retained  for  the  fronts  and  doors 
uch  elevators  by  using  them  in  conjunction  with  approved  wire-glass  con- 
Ktioa.  In  interior  light-shafts  and  vent-shafts,  0];)enings  must  necessarily  be 
rided,  but  here  again  the  construction  of  the  window-frames,  sashes,  and 
log  should  be  as  far  as  possible  as  described  on  pages  901  to  903.  Whcn- 
r  the  occupancy  of  a  building  admits,  the  stairs,  also,  should  be  inclosed  in 
onry  walb,  with  fire-proof  doors  at  the  openings.  Unless  so  inclosed  the 
rrays  form  flues  for  the  flames,  and  the  stairs  themselves,  consequently, 
exposed  to  intense  heat.  In  such  situations,  even  absolutely  fire-proof  stairs 
id  not  be  used  during  a  fire,  and  possibly  it  is  for  this  reason  that  greater 
a  have  not  been  taken  to  make  them  fire-proof.  Shaft-walls  should  in  all 
s  be  carried  3  ft  or  more  above  the. roof. 

leadening  Properties  of  Partitions.  The  resistance  to  the  passage  of 
id  through  fire-proof  partitions  is  an  important  consideration  in  buUdings 
t  for  fiving-apartments;  and  where  the  rooms  are  to  be  used  as  music-studios, 
Komes  a  matter  of  stOl  greater  importance.  In  January,  1895,  some  tests 
i  made  to  determine  the  relative  deadening  properties  of  the  different 
itions  shown  in  Fig.  76,  the  object  bang  to  decide  upon  the  construction 
should  be  used  in  Steinway  Hall,  Chicago,  111.  The  rank  of  the  different 
itkms  tested,  in  sound-proof  efficiency,  is  shown  by  the  numbers  at  the 
:  of  the  partition-diagrams.  The  4-in  porous  partition  was  used,  but  was 
t  success.  In  the  Fine  Arts  Building,  in  the  same  city,  double  partitions, 
iar  to  No.  x,  were  used,  and  it  is  said  that  they  were  a  great  success.  It  is 
nang  to  note  that  in  the  tests  above  mentioned,  the  2-in-solid-plaster  par- 
1,  No.  3,  plastered  with  common  mortar,  ranked  higher  in  sound-deadenino 
CRTtES  than  those  with  double  studs.  In  1892  C.  L.  Norton  tested  the 
iD-DKADENXN6  PROPERTIES  of  partitions  of  several  forms,  for  the  purpose  of 
ticg  a  coastruction  which  was  the  most  pire-resisting  and  soitnd-proof 
be  dormitories  of  the  New  England  Conservatory  of  Music,  in  which  prac- 
y  every  room  is  a  music-studio.*  The  various  partitions  were  rated  by 
aaor  Norton  as  shown  in  the  following  table: 

'^  results  of  these  tests,  with  a  description  of  the  partitions,  were  published  la 
ance  Enguaeering  for  August,  1902. 
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Composition 


Cabot's  quilt,  j  thiclr  and  metal  lath 

Cabot's  quilt,  2  thick  and  metal  lath 

Cabot's  quilt,  a  thick  and  metal  lath 

Sackett  board,  2  felt  on  channels 

Sackett  board,  2  felt  on  chanoels 

Sackett  board,  2  felt 

Metal  lath  and  paper 

Metal  lath,  paper,  and  felt 

Two  2-in  Keystone  blocks  with  2*in  air-space 

4-in  National  terra-cotta  blocki 

3-in  Keystone  blocks 

3-in  National  terra-ootta  blocks 

2-in  Keystone  blocks 

2-in  National  terra-ootta  blocks 

2-in  metal  lath,  solid  plaster 


thiog  more  is  to  be  inferred  from  the  numerical  efficiencies,  under  'scale 
tat  the  first  partition  is  about  three  times  as  good  as  the  last,  and  that  th 
cal  interval  between  any  two  partitioDS  on  the  list  merely  indicates  th 
if  the  magnitude  of  the  difference  between  the  partitions."  Professc 
reoonuBiCDded  a  partition  of  Sackett  Board  and  plaster  with  two  tbidi 
af  Cabot's  quilt  between  the  plaster-boards,  and  this  construction  wa 
L  The  studding  was  put  up  the  same  as  for  the  2'in  solid  partition,  th 
cured  to  each  side  of  the  studs,  and  the  plaster-board  wired  on  to  th 
uough  the  quilt.  This  makes  as  light  a  partition,  also,  as  it  is  possible  t 
ct.  The  investigations  by  Professor  F.  R.  Watson  of  the  University  ( 
showed  that  2-in  solid,  metal-lath  partitions  are  more  sound-deadenin 
in  hoUow,  gypsuro-block  partitions.  Gypsum  tile  has  been  found  to  h 
tififactory  than  terra-cotta  tile  of  the  same  thickness. 

Bg  for  Outside  Walli.  The  outside  walls  of  fire-proof  buildings  ai 
y  finished  on  the  inside  by  plastering  applied  directly  to  the  masonr} 
le  walls  are  of  brick,  it  is  often  desirable  to  fur  them  so  that  there  will  fc 
pace  between  the  plaster  and  the  masonry  to  prevent  the  passage  < 
;.  Tha  furring  shoidd  be  either  of  terra-cotta  or  metal,  and  never  < 
For  this  purpose  furring-bricks  may  be  used.  They  are  made  of  brid 
I  of  the  same  size  as  common  bricks;  but  they  are  hollow.  They  ai 
with  the  rest  of  the  wall,  on  the  inside  face,  and  bonded  into  the  wa 
nial  header-courses.  Split  furring-tiles,  also,  are  often  used  on  the  inn< 
rick  walls,  as  shown  in  Fig.  77.  The  tiles  are  either  1 3^  or  2  in  thic 
y  1 2  in  on  the  face.  The  face  is  grooved  to  give  proper  bond  for  tl 
|.  At  recesses  in  the  walls  partition-blocks  are  substituted  across  tk 
,  inak«**g  a  continuous  wall-surface.  When  using  furring-tiles,  tl 
ould  be  careful  not  to  drop  mortar  into  the  hoUow  spaces.  When  wal 
1  or  fined  with  tik,  solid  porous  terracotta  blocks  should  be  built  i 
w^uingm.  are  required  for  bases,  picture-moldings,  etc.  Wire  lathinj 
I  i-in  V  ribs  woven  in  every  7H  in.  makes  a  good  furring  for  brie 
It  is  easily  applied  and  leaves  air-spaces  between  the  wall  and  plaste 
!9e  devices  also  protect  the  walls  frcm  being  warped  by  heat  during 
prevent  the  paasage  of  heat  through  the  walls  in  summer  and  wint< 
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If  eUl  Fnning.  To  produce  architectural  forms  In 
of  trr'proof  buildinsH^  UEtAL  ruuiKG  tnd  UETAt  lai 
vmally  used.    The  furring  is  always  of  a  sham  natut 


the  Interior  decoi>tH 


Fig.  77.    Holhn-Tilt  Wall-furrlDi 

to  carry  loads  o(  iny  magnitude;  so  that  the  only  requirement  is  that  it  sh 
be  incombuslible  and  furnish  a  satisfactory  ground  for  attaching  the  metal  b 
For  coves,  comic«,  false  beams,  etc.,  the  furring-members  are  made  ol  Hi 
bars,  angles,  tees,  or  channels,  attached  to  the  walls  by  means  of  luils.  sta|d 
or  loKgle-bolls,  and  to  the  steel  beams  by  means  of  bolts,  hangers,  dips,  e 
The  furring -iHeces  are  bent  or  shaped  to  the  approiimate  outlines  of  the  bnid 
plaster-work,  so  that  when  the  lathing  is  applied  it  will  nquire  not  more  th 
I H  or  1  in  of  plaster  to  give  the  desired  outline.  For  i^ane  surfaces,  the  furri 
shuuld  be  brought  to  within  'i  in  of  the  plaster-line.  Deep  beams,  etc..  ihcM 
be  braced  by  diagonal  rods,  to  prevent  distortion.  All  sinictural-tteel  menili 
should  always  be  hre-proofed  back  of  the  furring.  The  lathing  is  seciu«d 
the  furring  by  means  of  No.  iS  galvanized  lacing-wire.  The  spacing  of  t 
funiug  should  be  dtber  ii  or  i6  in,  according  to  the  kind  of  lath  that  b  to 
used.  When  chases  in  walls  are  oovercd  over,  the  covering  should  be  dooe  m 
metal  furring  and  lath.  The  casings  for  vertical  pipelines,  also,  ihoukd  be 
this  construction  and  the  space  about  the  ppes  at  the  floor-level  should  be  fil 
aolidly  witb  fire-proof  material,  to  cut  oQ  all  cooiiection  between  stories. 


7.    Fire-proof  Flooring 

nr«-pTOot  Floorill).  The  floor-smfaces  of  moM  fire-proof  buildings  con 
of  hanl-wood  flooring  secured  in  the  usual  manner  to  nailing-strips  embeik 
in  Ihe  concrete  or  in  the  filling  alxn-e  it.  It  is  sometimes  advisable  to  use 
eomhustible  flooring.  The  New  York  City  Building  Code  renuires  that  ia 
buildings  over  150  ft  in  height,  the  floor-suriaces  shall  be  oi  stoae,  cenM 
tiling,  or  shnilar  incombustible  material,  or  of  wood  treated  by  khik  fxt^ 
which  renders  it  flre-proof.  For  warehouses  and  factorieii,  &i»rs  Gntsfaed  4 
Port  land -remenl  mortar  are  about  as  satisfactory  as  floors  nith  any  other  <M 
Boor  finish;  and  cement  Soon  have  been  much  UKd  for  the  guetl-rooixn 
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b.  In  tbe  latter  rooms,  the  floors  are  covered  with  carpets,  which  are 
td  to  wooden  strips  embedded  in  the  cement  around  the  borders  of  the 
IS.  This  makes  a  very  sanitary  floor,  and  one  as  easy  for  the  feet  as  a  car- 
i  wooden  floor.  For  public  corridors,  banks,  lobbies,  toilet-rooms,  etc.,  the 
jstic,  vitreous,  ceramic,  or  marble  tilings  are  generally  used.  In  France  and 
lany  large  quantities  of  cement  tiles  are  used.  Cement  tiles  have  been  in- 
ced  into  this  country,  also,  but  have  not  yet  been  able  to  compete  with 
Kaustic  tiles.  In  most  buildings,  however,  the  use  of  stone,  cement,  or  tile 
Qg  is  inadvisable.  These  materials  are  cold  and  trying  to  the  feet.  As  a 
cement  floor-surfaces  do  not  wear  well.  A^haltic  flooring  is  sometimes 
but  it  is  not  pleasing  in  appearance.  This  material  and  different  floor- 
ue  discussed  on  pages  1604  to  1609.  The  characteristics  of  flre-proofed 
and  its  availability  for  this  purpose  are  considered  in  the  discussion  of  that 
ial  on  page  820. 

nposition  Flooring.  Several  attempts  have  been  made  to  obtain  a 
ig-material  which  could  be  spread,  without  joints,  over  an  entire  floor, 
t  the  same  time  be  elastic,  wear  well,  withstand  water,  adds,  etc.,  and  not 
>  expensive.  Various  mixtures  of  magnesite,  asbestos,  fine  sand,  sawdust 
with  hnseed-oil,  and  some  binder  like  chloride  of  magnesium,  have  been 
1  the  market  under  different  names,  all  more  or  less  meeting  the  require- 
above  stated  and  being,  also,  flre-proof.  These  materials  are  shipped  in 
rm  of  a  dry  powder  to  the  place  where  they  are  to  be  used,  and  are  there 
with  a  specially  prepared  liquid.  The  resultant  is  a  plastic  material 
IS  laid  upon  the  surface  to  be  covered  in  much  the  same  way  that  ordi- 
ement  or  plaster  is  put  on.  The  materiak  harden  in  from  i a  to  24  hoiirs 
lerateliy  dry  weather,  when  the  floor  is  ready  for  use.  When  properiy 
le  floor  presents  a  smooth,  flne-grained,  and  continuous  surface,  resem- 
inoieunu  These  materials  are  made  in  various  colors,  such  as  red,  white, 
,  brown,  gray,  black,  blue,  and  green,  and  can  be  laid  on  wood,  stone, 
3e,  ai^ihalt,  cement,  or  metals.  Another  advantage  is  that  they  can  be 
up  oa  the  walls  so  as  to  form  a  covered  base,  without  cracks  or  joints. 
:  the  manufacturers  furnishing  such  floorings  may  be  mentioned :  General 
ilite  Company,  Long  Island  City,  N.  Y.;  Marbleoid  Company,  New  York 
Fnnklyn  R.  MuUer  &  Company,  Waukeegan,  HI.;  and  Ronald  Taylor 
ny,  New  York  City. 

Mlt  Mastic  Vlooring.  This  flooring  is  in  the  nature  of  an  asphaltic 
TE  consisting  of  natural  asphalt  and  a  well-graded  mineral  aggregate  of 
ravel,  and  crushed  stone,  ranging  in  size  from  that  which  passes  a  200- 
Tcen  to  H  ii^*  "^he  material  is  sent  to  the  building-site  in  blocks  and  is 
token  up,  reheated,  and  mixed  with  the  coarser  aggregate,  the  softened 
eins  hii<l  down  in  one  or  two  courses,  depending  upon  the  thickness 
and  smoothed  down  by  rubbing  with  wooden  floats.  It  is  laid  without 
rtion-joints,  the  usual  thickness  being  iH  in,  weighing  18  lb  per  sq  ft. 
shed  flooring  is  tough,  ductile,  water-proof,  resistant  to  acids,  alkali  and 
re-proof,  noiseless,  and  easy  on  the  feet.  It  is  especially  suitable  for 
i  and  warehouses.  It  is  manufactured  by  the  H.  W.  Johns-Manville 
;y,  New  York 

8.  Interior  Finish  and  Fittings 

or  Thush,  In  buildings  in  New  York  City  in  which  the  flooring  must 
oxnbustible  material,  the  interior  finish,  also,  including  the  doors,  door- 
riDciow-frames,  sashes,  bases,  and  trims,  must  be  made  of  incombustible 
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materials.  The  same  materials  that  are  accepted  for  Adoring  am  be  used  fa 
this  interior  finish  also.  Several  of  the  largest  buildings  in  New  York  CitJ 
including  the  Fuller  Building,  have  all  the  trim  constructed  of  fire-psoq 
WOOD.    In  the  Hotel  Gotham,  all  the  doors  and  interior  finish  are  made  i 

Alignum. 

Metal  Doors,  Sashes,  Frames,  and  Trim.*  The  effort  to  make  the  intcxk 
of  buildings  fire-proof  has  resulted  in  iCEtAL-covEltED  wood,  and  in  door 
sashes,  frames,  trim,  and  moldings  of  hollow  steel  or  other  metal.  Many  ver 
large  buildings  have  in  recent  years  been  equipped  wholly  or  in  part  with  tfaa 
products,  and  the  products  themselves  have  reached  a  stage  of  great  perfo 
tion  of  workmanship  and  efficiency.  Several  cities  in  the  United  States  comp 
the  use  of  these  i»x>ducts  for  certain  parts  of  buildings  which  are  over  a  oertaJ 
height;  and  it  is  probably  only  a  question  of  time  when  other  dties  wiD  ptu 
ordinances  compelling  their  use.  At  the  present  time  cost  enters  large^  inj 
the  question  of  substituting  them  for  wood.  Among  the  first  attempts  in  ti 
United  States  to  fire-proof  the  interior  trim  of  buildings  were  those  Ruule  i 
New  York  City,  about  the  year  1880,  in  the  form  of  metal-coveied  woodwori 
by  the  firm  of  Campbell  &  Bantossell  of  that  dty.  About  this  time,  als 
there  were  introduced  along  with  various  processes  of  fire-proofing  woodwoii 
FIRE-PROOF  PAINTS.  Later,  nRE-PROOF  WOOD  was  introduced,  that  is,  ^fod 
which  has  the  resin  and  other  inflammable  components  extracted  from  it,  ai 
the  fiber  left.  In  the  course  of  a  few  years  the  iibtal-covekxi>'Wooq  industi 
developed  to  such  a  stage  that  it  was  possible  to  trim  with  its  products  tl 
interior  of  a  building  and  keep  a  good  appearance.  Notable  examples  are  tl 
Manhattan  Life  Insurance  Company's  Building  and  the  Barclay  Buildiiiif,  att 
of  more  recent  date,  the  Metropolitan  Tower,  f  the  Fifth  Avenue  Office-Buddiq 
the  Germania  Life  Insurance  Company's  Building,  and  the  Vanderbilt  HoCil 
afi  in  New  York  City;  the  Hoge  Building,  Seattle,  Wash.;  the  Hall  of  Recori 
Los  Angeles,  Cal.;  the  Rockefeller  Annex,  Cleveland,  Ohio,  etc.  The  roo^ 
unfinished  appearance  of  the  standard  tih-clad  door  set  men  to  aeddns! 
product  for  use  in  interior  finish  which  would  lend  itself  to  more  decoFati* 
effects.  The  Kalaicein  iron  and  other  metalkx)VEred  work  residu 
In  the  meantime  improvements  were  constantly  being  made  in  boulg 
SHEET-METAL  doots  and  trim,  and  from  about  the  year  1903  aoixow  6iva 
construction  for  this  work  came  into  use.  Owing  to  its  generafiy  snperl 
workmanship  and  to  the  splendid  enamel  sur&ces  which  can  be  gi^en  it  I 
various  baking-processes,  this  type  of  interior  finish  has  found  favor  in  the  ey«s 
the  architects  and  owners  of  modem  ofiQces,  and  mercantile  and  public  buildi^ 

Ktlamein  Iron.t  Kalamein  Iron  is  the  trade  name  given  to  one  of  t 
open-hearth  sheet-steel  products  which  is  covered  with  a  thin  alloy  of  tin  a 
lead  in  much  the  same  way  that  galvanized  iron  by  galvanic  inunersiait 
coated  with  zinc.  ''The  name  Calamine  (with  Galmei  of  the  Germans) 
commonly  supposed  to  be  a  corruption  of  Cadmia.    Agricola  says  it  is  Cr 


*  For  a  brief  outline  of  this  subject,  iUustnted  with  numerous  detail 
article  on  Metal  Doors,  Saahcs,  Fmrnes,  and  Trim,  by  Professor  Thofnas 
Kidder's  Building  Constructon  and  Superintendence,  Part  II,  Carpenters*  WqcIl. 

t  The  Metropolitan  Tower  has  a  metal-covered  trim  whkh  is  a  special 
construction  over  a  wooden  core.  This  was  developed  by  The  John  W.  Rapp  Compa; 
afterwards  consolidated  with  The  J.  F.  Biaochard  Company  into  the  United  States  M« 
Products  Company,  New  York  City. 

t  Among  the  better  known  manu^turcrs  of  metal<overed  work,  wboee 
inspected  and  labeled  by  the  Underwriters'  Laboratories,  Inc.,  are  the  United 
Metal  Products  Company,  New  York  City  and  the  Thorp  Fireproof  Door 
Minneapolis,  Minn. 
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B^  a  reed,  in  alltiaoii  to  the  slender  forms  (stalactic)  common  in  the 
formation."*  Tlie  term  KALAMEnr  is  often  used  incorrectly,  by  arcfai- 
d  othen,  for  any  form  of  mbtal-coveked  woodwork,  whether  the  metal 
copper,  or  bronze,  to  distinguish  metal-KX>vered  from  hollow  metal  con* 
i;  but  the  term  is  obviously  misleading  and  causes  much  confusion.  In 
instanoes  architects  have  specified  Kalauess  materia]  expecting  bsonze 
0  be  used  in  the  covering,  whereas  the  manufiactuier's  interpfetation  of 
ifcation  wa»  that  KALAKEm  iron  was  intended. 

l-Covered  Doors,  Frames,  and  Trim.  The  cores  of  metal-covered 
td  frames  are  built  up  of  oak  or  white-pine  strips  dovetailed  together 
se  to  the  grain.  In  gluing  up  the  strips  into  stiles  and  rails  the  grain 
strip  is  reversed  in  order  to  resist  the  tendency  of  the  core  to  twist. 
s  and  raik  are  mortised,  tenoned,  and  box-wedged,  and  the  cores  are 
irith  asbestos  paper  or  board  and  enclosed  with  sheet  metal,  either  steel 
lay  be  painted  to  match  a  wooden  trim,  or  electroplated  with  copper, 
bcooze),  or  solid  sheet  copper,  brass,  or  braiae.  For  doots  «|y  to  3  ft 
idth  and  8  ft  in  height,  both  aides  are  often  made  of  continvoua  sheets 
iriiich  have  the  paneb  pressed  into  them  by  hydraulic  pressure  and  are 
Kau  or  joint.  The  metal  sheets  of  the  two  sides,  in  one  make  of  door,  t 
•  to  ovolap  in  a  depression  on  the  edges  of  the  door  and  are  secured 
vy  screws  which  pass  through  both  face-sheets.  The  standard  thickness 
lor  is  2%  in.  When  these  doofs  are  morethan  3  ft  4  in  in  width,  each 
aenlty  made  of  two  sheets  which  meet  over  a  middle  stile  and  kx:k 
wftfa  a  flush  doiiblB)-lock  joint.    This  makes  a  double  row  of  vertical 

-Covered  ^nnddr-Frainte  and  Sashes.  Window-frames  and  sashes, 
i  door-frames  and  doors,  are  made  of  metal-covered  wood.  Bronze 
tal  usually  recommended  and  preferred  although  Kalamein  iron  may 
tuted  when  a  much  cheaper  construction  is  necessary.  This  cheaper 
y  be  painted  and  will  give  fair  service  but  it  is  not  recommended, 
id  iron  and  copper,  also,  are  used.  "Window-frames  and  sashes  of 
e  or  of  sheet-metal  over  wooden  cores  are  principal^  used  for 
or  skylights  where  the  only  danger  of  fire^contact  is  through 
arks.  They  are  non-combvstible  rather  than  vtbe-resistino. 
s  are  usually  of  plate  glass,  especially  if  Ralamidie  trim  is  used 
comply  with  the  law  in  those  cities  where  non-<:ombustlble  windows 
(,  etc.,  are  required  in  buHdings  of  a  certain  class  or  of  a  height 
•d  finaits.  Previous  mention  has  been  made  of  their  efficiency  as 
led  in  the  burning  of  the  Kohl  building  in  San  Francisco,  and  their 
n  as  a  substandard  protection,  has  been  pointed  out;  but  for  efficient 
nee,  Kalamxne  windows,  especially,  are  an  \mknown  quantity,  as 
Dce  offered  by  the  lighter  members,  such  as  sash-rails,  is  questionable, 
r  examples  of  the  work  present  pleasing  workmanship  and  finish.  If 
losition  could  be  used  for  the  body  instead  of  wood,  without  producing 
ction  harmful  to  the  metal,  a  superior  type  of  Kalamine  work  would 
ii  would  be  of  great  value."! 

Metid  Finish  in  General. S    The  transition  from  uetal-covered 

Dictioaajy  of  Mineralogy. 

aeaoslew  door,  made  by  the  Thorp  Fireproof  Door  Company,  Minne- 


I. 

rvention  and  Fite  Protection,  by  J.  K.  Freitag. 

tile  better-known  manufacturers  of  hollow,  sheet-metal  doors,  trim,  etc., 

btxom  Metallic  Door  Company,  Jamestown,  N.  Y.;  the  National  Metallic 
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wood  to  HOLLOW  SHEET  METAL  foF  dooFS,  sashes,  fnuues,  tiim,  moldings*  < 
was  naturally  and  easily  made  and  to-day  the  latter  type  of  construction,  ^ 
cspertly  carried  out,  results  in  dejtails  for  interior  work  which  are  very  effii 
to  resist  fire  and  handsome  in  appearance.  It  would  be  difficult  to  devise 
structional  details  which  would  be  more  satisfactory  and  at  the  same 
luresent  greater  possibilities  in  the  way  of  elaborate  design  and  lugh  fii 
and  it  is  on  account  of  all  these  advantages  that  this  type  of  construction  is 
in  the  interior  equipment  of  nuiny  of  the  best  examples  of  fire-resisting  h 
ings,  especially  for  the  doors,  frames,  sashes,  and  trim  of  corridors^  baUf 
stair  and  elevator-enclosures,  and  even  for  entire  office-partitions.  Becau 
the  non-absorbent  character  of  the  baked-enamel  finish  this  material  is  pi 
ularly  sanitary;  and  hollow  metal  doors  are  more  easily  cleaned  than  any  ot 
especially  if  all  moldings  are  omitted  and  panels  made  simply  as  smooth  dc 
sions.  The  thickness  of  standard  hollow  metal  doors  approved  by  in 
writers,  varies  from  iH  to  2H  in* 

Hollow  Metal  Doors.  The  Dahlstrom  patent  sheet-metal  dooi 
made  from  two  No.  ao-gauge-steel  plates,  one  stile  and  one  pand-face  \ 
foimed  from  each  of  the  sheets,  which  are  connected  by  interlocking  seaa 
opposite  sides  of  the  panels  and  make  practically  a  double  door.  In  const 
ing  the  panels  they  are  first  lined  with  a  sheet  of  asbestos  next  to  the  ste 
each  side,  and  the  space  between  is  filled  with  a  layer  of  hair-felt  paper,  1 
makes  a  resilient  filling  that  is  a  non-oonductor  of  heat.  The  stiles  an 
hollow,  but  strips  of  cork  are  laid  perpendicularly  across  the  center  of  eai 
deaden  the  metallic  ring.  The  panels  are  then  attached  to  each  other  to 
the  door  by  planting  on  and  welding  in  place  properly  formed  cross-rai 
the  top  and  bottom,  and  wherever  else  they  may  be  desired;  the  moldinfl 
coped  over  the  molded  stiles  at  the  sides.  The  top  and  bottom  edges  o 
door  are  then  reinforced  with  channels  and  bars,  and  the  doors  made  pai 
straight  and  rigid.  The  fire-resistance  of  this  construction  is  increase 
letting  no  rivets  or  screws  pass  through  from  one  side  of  the  door  to  the  1 
in  the  exposed  parts.  The  transmission  of  heat  is  thus  avoided.  Whii 
door  is  being  put  together,  provision  is  made  for  attaching  the  hard'wazv. 
the  doors  have  been  put  together,  they  are  sent  to  the  finishing  depart 
where  the  steel  is  thoroughly  cleaned  from  ail  rust,  grease,  or  other  impui 
They  are  then  given  six  or  eight  coatings  of  enamel,  being  baked  aite 
application  of  each  coat  in  large  ovens  which  are  heated  to  300**  F. 
the  final  coat  of  varnish  is  put  on,  they  are  usually  rubbed  to  an  'jg^ 
gloss-finish,  equal  in  quality  to  any  hardwood-finish,  and  more  durable  be 
baked  on.  The  surfaces  can  be  grained  to  imitate  with  wonderful  *>^^i 
any  wood,  such  as  quartered  oak,  mahogany,  Circassian  walnut,  etc.  1 
doors  are  to  receive  glass  panels  they  are  provided  with  detachable  r*^ 
to  hold  the  glass  in  place.  Doors  of  the  Dahlstrom,  hollow  iietax.  tyj 
installed  in  the  corridors  and  partitions  of  the  Singer  Building  and  towerl 
the  United  SUtes  Express  Building,  New  York  City;  the  Bell  Telephoa 
change  Building,  Philadelphia,  Pa.;  the  Seventh  Regiment  Armory,  Chi 
III.;  the  Pontchartrain  Hotel,  Detroit,  Mich.;  the  Bank  of  Commerce  Hm 
St.  Louis,  Mo.;  the  First  National  Bank  Building,  Denver,  Col.;  an 
Royal  Insurance  Building,  San  Frandsco,  Cal.    In  some  of  the  buildings 


Sash  Company,  Chicago,  HI.;  the  Solar  Metal  Products  Company,  Colambua, 
the  Central  Metallic  Door  Company,  Gary,  Ind. 

•  Made  by  the  Dahlstrom  Metallic  Door  Company,  Jamestown,  N.  Y. 

t  A  severe  fire  in  the  twenty^sixth  story  of  this  tower  was  effectuaDy  confined 
room  in  whkh  it  originated  by  the  doors  of  this  type  of  coostnictiock. 


Interior  Finish  and  Fittings  897 

n  the  preceding  articles,  bouow  metal  doors,  trim,  and  moldings  are 
loied  by  bronze  or  other  uetal-covered  wood  window-frames, 
etc 

m  Metal  Door-FramM,  Trim,  and  Moldinga.  After  the  hollow 
door  reached  an  advanced  stage  of  construction  the  manufacturers 
their  attention  to  the  problems  involved  in  making  metal  frames  and 
s.  It  was  found  that  moldings  made  by  the  ordinary  bot-solled 
were  too  rough  and  heavy  and  reqxiiied  too  much  labor  to  smooth 
lb  their  surfaces;  and  that  those  pressed  from  light-gauge  steel  by  the 
I  methods  were  not  clear-cut  and  definite  in  their  outlines,  and  were 
a  length  and  in  variety  of  shapes.  Accordingly,  what  is  known  as  the 
nvN  method  of  making  frames,  trim,  and  moldings,  was  developed  and 
1,  and  moldings  made  by  this  process  are  now  used  for  many  kinds  of 
work.  The  cold  metal  is  drawn  through  special. dies. to  give  it  the 
shape  and  the  bright  finish  is  retained.  The  comers  and  angles  come 
p  and  true  and  the  pieces  possess  much  greater  strength  and  rigidity 
ist  hot-rolled  and  several  Umes  thicker.  There  are  dies  for  over  a 
1  shapes.  Moldings  can  now  be  made  in  lengths  up  to  40  or  even  50 
stra-freight  rates  and  other  drawbacks  make  it  inadvisable  to  ship  it 
ts  of  over  ao  ft.  Besides  the  cold-rolled  special  high-grade  steel, 
xaaSf  and  copper  are  used  in  their  manufacture.  The  rolled  shapes 
ngies,  channels,  and  Z  bars;  moldings  for  bases,  comices^  wire-conduits, 
bs,  sash'bars,  panels^  and  ^ass;  {Mcture-frames,  door  and  window- 
ed trims  of  all  kinds;  wainscoting  and  chair-rails;  and  numerous  miscel- 
oits.  WnouGHT-iRON  welded  one-piece  door-frames  are  made  for  use 
aof  partitions.  These  frames  are  constructed  scientifically  of  specially 
toucHT  IRON  in  several  different  shapes.  The  mitered  comers  are 
sgether  making  the  frame  one  solid  piece.  They  are  made  for  any 
or  type  of  door  or  partition,  require  no  bracing,  and  can  be  fitted  with 
singes  if  required. 

r  Metal  WiAdow-FiaaiM  and  Sashes.  (See,  also,  Sheet-Metal  for 
(ting  Window-Frames  and  Sashes,  page  902).  Hollow  metal  window- 
id  sashes,  as  well  as  those  which  are  made  of  metal-coveked  wood 
It  iron,  wrought  iron,  drawn  bronze,  cast  bronze,  etc.,  and  glazed  with 
,  prism  glass,  electroplated  glass,  etc.,  are  used  in  those  parts  of  build* 
ich  the  exposure  to  fire  is  not  great  enough  to  require  the  use  of  hinged 
shutters,  or  where  a  more  pleasing  appearance  is  demanded  than  that 
irom  the  use  of  hinged  or  rolling  fire-shutters.  Owing  to  many  im* 
:s  made  in  recent  years,  both  in  design  and  details  of  manufacture, 
>he£T-metal  window-frames  and  sashes  are  now  ranked  among  the 

of  those  of  moderate  cost  for  general  use.  The  National  Fire  Pro- 
sociation,  by  its  recommendations  and  standardizations,  and  the 
labeling  systems  of  the  underwriters'  laboratories,  have  been  largely 
al  in  bringing  about  these  improvements  and  results.  About  the 
fantag/R  connected  with  the  use  of  sheet-metal  windows  is  a  relatively 
rioration  when  neglected.  The  materials  used  for  making  hollow 
dow-frames  and  sashes  are  galvanized  iron  or  steel;  copper;  sheet  metal, 
jed;  and  sheet  metal,  bronze-plated.  The  sashes  are  glazed  with 
lAZE  wire-glass  where  good  appearance  is  an  essential  requirement,  or 
i>  OS.  HOUGH  wire-glass  where  a  translucent  material  only  is  desired. 
iear  ^ass,  unwired,  noay  be  used  when  additional  fire-resistance  is  not 
The  National  Board  of  Fire  Underwriters  fix,  within  certain  limits, 

constructional  details,  the  maximum  permissible  sizes  of  openings  for 
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gbn,  etc.    The  pnndpd  reguktions  have  been  vay  oonveninttly  coodi 
byMr.J.E.Frdtag* 

Solid  SMel  Windows.  Where  luge  nindoir-surfacea  giving  maximun 
an  desired,  u  in  factoriei.  tbe  so-called  solid  sibeI,  wiMdoks  aie  fieqo 
used.  Tbey  have  been  given  thil  nune  because  the  frames  and  auintia 
made  of  solid,  roUed-steel  sections,  jointed  at  tbcir  junctions  or  intersectki 
spedal  iDetbods,  in  some  cuee  oxy-acetyleDC  wdded,  bo  as  to  make  strooi 
■tiS  frames.  The  nuaufiLctureTB  generally  carry  stock  sixes  varying  in  ap| 
mate  widths  front  3  to  6  ft,  and  appniximate  lengths  from  j  to  9  ft.  TLe 
paiKsueBhout  iiby  iStn.  The  movable  sectirau,  or  vemtilators,  are  ft 
on  horizontal  ores,  though  a  countesbalahcf,  TtrE,  also,  is  made  Um  i 
hospitals  and  public  buildings.  Ventilators  should  not  exceed  5  ft  in  < 
direction,  nor  more  than  18  sq  ft  b  area.  Antong  the  principal  roakets  ai 
Detroit  Steel  Products  Company  (Fenestra),  Detroit,  Mich.;  David  Lof 
Stms  Company,  FhiUddphia,  Pa.;  American  Steel  Window  Company,  CU 
UL;  and  Truscon  Steel  Company,  Younsstown,  Ohio. 

Electroplated  Trim.  This  product  is  made  by  a  pracesi  which  amm 
electrically  depositing  a  layer  of  copper  on  tbe  outer  surface  of  wooden  mcd 
or  doors.  Tbe  metallic  dcpoat  preserves  the  markings  of  the  gnin  of  the 
and  makes  a  very  presentable  door.  A  good  samite  of  this  work  has  fan 
stalled  in  the  United  Engineering  Building,  New  Yoit  City,  by  the  New 
Central  Metal  Company  of  the  same  dty.  Some  very  fine  work  of  this  kia 
been  done  by  the  Heda  Iron  Works  of  New  York  Qty,  by  electn>plMii« 
fire-proof  material  known  as  Lignolith. 

Cement  Trim.    Keene's  cement  has  been  used  for  many  years  for  rv 

base-moldings,  door  and  window-trim,  etc,  and  in  many  European  bid 

'-  practically  all  of  the  interior  H^H 

this  material.    Any  moldiiig   on  hi 

in  [(  with  good  sharp  angles,  ajid  it  I 

Gdentty  hard  to  stand    ordinary  1 

_  Fig.  76  ihowi  a  door-apeniog  with  I 

of  Keene's  cement,     liiis   detail  a 

further  impraved  by  covering  the  wi 

frame  and  door  with  thin   metal. 

ro^al  and  cement  can  be  painioti 

Molded    Hollow   TIlea    for    I 

Pinlab.    These  arc  also  being  subad 

tor    the   ordinary   wooden    finid. 

tta.  78.    Door-Jamb  with  CenMnt  Trim    Amelia    Apartments,    erected     by  ] 

Camp  at  Akron,  Ohio,  in   1901  f   ii 

almost  entirely  of  hollow  tile.    "The  bMcs,  the  picture- mol<Ungs,'   an 

architraves  around  the  doors  were  made  of  specially  formed   tiles,     as  1 

in  Fig.  79.     Tlieae  tiles  were  afterward  painted  to  haimoniie  with  the  ■ 

of  color-decoration.     All  of  the  floors  throughont  the  building  are  cdv«t«4 

a  cement  compisilion  composed  of  Saadusty  cement  and  gmund  wcHsd    tn 

down  smooth  and  level."  ' 

Metallic  FumituTe   and  Fittinga. 
buildings,   Ihe  luroiture  and  fixtures  ; 

"For  the  printipel  regulalioni,  convtnlenlly  o 
Fire  Proieclion,  by  J.  K.  FreiUK. 

t  Dncribed  in  the  journal.  Fireproof,  July,  ijoj. 
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Pio.  79.     HflSoW'tilc  Di 


Almost  uiything  in  Dk  war  of  iumiture  and  fittings,  including  ev«a 
Jests  and  highly  ornamental  cabinela.  may  now  Ije  obtained  in  metal; 
T  libraries,  banks,  and  court-housu  have  bmi  fitted  up  and  fiimuhed 
■ith  incombusdMe  cabinet-worit.    C«taJoguea  can  be  obtained  ftom 
tg  componiei  engaged  in 
lahcture  of  HTlAi.  rmt- 
VKb   Cor  example  as  the 
il  Construction  Company, 
ni,   N.    Y.,    the   Betgtr 
tcring  Company.  Canton, 
E  Van  Dora  Iron  Worts, 
i  Ohio,  and  tb«  Lfbnry 
New  York  City  and  Bos- 


Fu-Sa    HoUmr^ile  Sleo*  for  Staiicm 


.  tn  m  majority  o(  fiie- 
Ddings  the  archltecta  have 
1  themselves  with  putting 

lUBIIDLE   ETAOtS  of  IrOO, 

kps  slate  or  marble  treads.  As  pointed  out  in  Uie  first  pages  of  this 
unprotected  iron  cannot  beOKuidensi  fire-proof,  but  il  13  difficult  to 
^  ironwott  of  a  stairway,  as  it  is  tiswally  built,  and  at  the  same  time 
uiotnamcDtal  effect.  11  eiposed  metal  crnistmetionisto  be  used.cast 
ach  to  bo  preferred  to  Wed.  as  the  caK  metal  will  retain  its  shape  under 
It  far  betur  than  thin  facings  or  frameworks  of  steel.  Slate  and  marble 
d  platforms,  unle^  supported  uodemoath,  should  never  be  used  in 
OHutruction.  When  subjected  to  heat,  marble  and  slate  crack  and  fall 
ving  the  stairs  impassable.  A  fire-tlepartment  captain  la  New  York 
his  Ule  through  the  collapse  of  a  marble  platform.  If  these  materials 
used,  thenfore.  there  should  be  a  subtread  o(  iron  or  concrete  beneath 
reaUy  Jiai-raooi  nuKCun  should  be  conWnttted  with  as  little 
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ironirork  as  pouible.  and  what  ironwork  then  is.  inoued  in  nsE-KEsn 

materials.    It  is  possible  and  pfscticable  to  build  stalis  of  day  tiks,  brick 

reinforced  concrete,  tbat  are  absolutely  Gre-prooC.    tbe  stairs  in  the  Pa 

Building  M  WaiUngton,  D.  C->  ue  built  of  biick,  with  the  eiceptioD  ol 

treads,  which  »re  i 

and    in    many    ol 

earlier        soventi 

buildings      the     i 

are  of  stone.      Si 


to  heat.  Part 
BuildioE  Constru 
and  Superiateiuh 
contains  descri|i 
■od  iUu9tr«Iioa 
brick  stairs.  The< 
tavino  Company 
built     several      i 

^  O'stcmof  coostmi 
using  dat  clay  t3| 
bedded  in  ceiomt 

used     in      this 


FlO.  SI.    Keinforceil-cancrete  Stidn,  Cavemmcat  Printing    '  -     

Of&ce,  WuhinctoD,  D.  C.  erainently       &re^ 

Fig.  SO  shows   ■ 

tial  section  of  a  tile  staircase  such  as  was   used  in   the  Amelia   Apart 

Building.  Akron,  Ohio.    The  blocks  were   of   hard-burned    material,   fl 

and    A  it    InrUF.     Thev  were   HiiinnnrlAl    unnn  the  narfirinn.vnlic  anH   vsm^ 


Flo.  B>.    Feminclan  Foundilion  for  St^i-trewh  and  Rhen  ^ 

ing.  Rdnlorced  concrete,  with  state  or  marble  treads,  is  a  good  matpriat  B 
construction  of  stairs,  and  permits  o[  very  elaborate  and  complicated  ciJ 
tioD.    Fig.  Sit  shows  the  construction  of  the  stain  in  the  Goveiruneiil  pd 

•  B)F  Fnnk  E.  Kidittr.  nwrilten  by  Tbomu  Nokn. 
tFnBill«Ei«ineeTiiigReog«i,d  Die  fi,  1901. 
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tt  Wasfaiiistoii,  D.  C.  These  stiurs  havts  steel  girders  and  strings  enclosed 
solid  concrete,  which  is  molded  to  form  the  steps  and  risers,  as  shown  in  the 
The  steel  strings,  however,  are  hardly  necessary,  as  the  reinfordng-bars 
iffident  strength.  Some  excellent  details  for  ornamental  iron  stairs  were 
bed  in  Fireproof,  March,  1903,  in  an  article  by  J.  K.  Freitag.  The  Cor- 
el sheet  metal,  known  as  Ferroindave  (page  ^51),  offers  a  very  conven- 
>andation  for  cement  stairs.  When  bnilt  between  walls  or  partitions 
li  an  open  string.  Fig.  82  shows  one  way  in  which  the  material  has  been 
the  stairs  being  finished  with  about  2  in  of  cement  over  the  metal  and 
ed  imdemeath.  The  Ferroindave  is  bolted  to  lugs  or  brackets  screwed 
ast  on  the  strings.  Slate  or  marble  treads  and  risers  may  be  embedded 
mortar  if  desired.    (See,  also,  pages  947  and  983.) 


9.  Protection  from  Outside  Hazard 

idow-Protection.  To  be  thoroughly  protected  against  the  outside 
,  buildings  must  have  the  openings  in  the  outside  walls  provided  with  some 
of  effectively  closing  those  openings  against  flame.  The  same  provision 
be  made  for  openings  in  the  partition-walls  of  large  buildings.  Four 
UL  TYPES  of  devices  are  in  use  for  this  purpose:  (i)  tin-covered  wooden 
s;  (2)  steel  shutters  or  doors;  (3)  metal  frames  and  sash,  glazed  with 
iss;  amd  (4)  water-curtains. 

ss  of  Window-Protection  Compared.  When  properly  constructed, 
-co\'EREi>  WOODEN  SHUTTER  is  Still  the  most  efifective  window-protection. 
."cry  severe  fire  in  Lynn,  Mass.,  in  which  the  heat  was  intense  enough  to 
ost  of  the  tin  from  the  outside  of  the  tinned  plates  covering  the  shutters, 
found  afterward  that  the  wood  was  charred  to  a  depth  of  only  about 
The  shutters  were  warped  slightly,  but  afforded  sufficient  protection 
the  heat  to  allow  men  to  remain  behind  them  to  put  out  such  fire  as 
□ally  crept  through.  This  would  not  have  been  possible  behind  iron 
s  under  amilar  conditions."*  Steel  shutters,  under  the  action  of 
•arp  very  readily  and  transmit  considerable  heat.  They  belong  to  the 
t  type  of  window-protection.  "There  is  one  objection  to  the  use  of 
s  on  window-openings,  and  that  is  that  they  depend  on  fallible  human 
to  be  effective.  ITiey  must  necessarily  be  open  while  the  building  is 
When  the  need  for  them  comes  they  are  apt  to  be  overlooked  and  are  not 
Certain  it  is  that  on  many  buildings  they  are  not  dosed  at  night."* 
TAi^rRAME-AND-wntE-GLASs  WINDOWS  are  not  as  unsightly  as  shutters 
>st  any  kind  are  apt  to  be.  They  are  more  likely  to  be  closed  at  night 
ire  readily  dosed  when  necessary.  They  do  not  hide  a  fire  and  are 
isfly  opened  when  it  is  necessary  to  reach  a  fire.  The  one  serious  objec- 
tliexn  is  the  mtenser  radiation  of  heat  from  the  wire-glass,  f 

rowered  Wooden  Fire-Shutters  and  Doors.  The  effectiveness  of 
vice  depends  on  its  construction.  "Only  well-seasoned  non-resinous 
Iressed,  tongued  and  grooved  in  narrow  boards,  should  be  used.  Wood 
\ng  moisture  or  resin  may  generate,  under  heat,  sufficient  steam  or  gas 
off  the  tin  covering  and  expose  the  wood  to  the  flame.  The  body  of 
r  should  consist  of  two  or  three  layers  of  such  boards  laid  at  right-angles 
ch  other  and  fastened  together  by  clinch-nails.  The  best  grade  of  tin 
be  used.     No  solder  must  be  used,  and  the  tin  plates  should  be  lock- 

*  Insurance  Engineering,  Dec.,  2902. 

t  For  a  conwdentrinn  of  water-curtains,  see  page  9013. 
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jointed,  mth  tlie  nsdls  in  the  seams.  Tbe  nuU  must  be  long  cnemfh,  at  il 
iH  in>  to  seciire  a  good  hokl  beyond  the  depth  to  vhich  the  wood  is  like|| 
char,  which  is  about  H  in*  Under  intense  hcM,  the  wood  is  Gertnia  to  char*  i 
if  tbe  naik  are  long  enough  to  hold  the  tin  up  against  the  ivood*  and  the 
is  properly  put  on  so  as  to  keep  the  air  out  to  prewnt  bumiogp  the  afairi 
will  stand  under  severe  strains."*  The  hinges  iaustenings,  or  hangers  mual 
belted  to  the  door,  not  nailed  or  screwed,  as  nails  or  screws  would  putt 
during  a  die.  If  hung  on  hinges,  the  hiage-hook  should  be  built  into  the  m 
This  door  was  designed  for  use  in  mills,  but  it  has  worked  so  wttirfartig 
Ihat  it  is  generally  adopted  wherever  a  fire-pvoof  door  is  wanted  and  its 
pearaace  is  not  objectionable.  Fire-proof  ahutters,  also,  are  made  in  this  w 
The  National  Board  of  Fire  Underwriters  issues  complete  spedlicatiaBst 
this  type  of  door  and  Gutter,  and  these  specifications  should  be  closely 
lowed  for  satisfactory  results.  Doors  of  this  type,  provided  for  tbe  openi 
in  interior  partition-walls,  are  often,  and  wherever  possible  should  be,  hung 
inclined  tracks  so  that  they  will  close  automatically.  Where  it  is  desirahk 
keep  them  open  most  of  the  time,  an  automatic  release  operated  by  a  fu^ 
link  b  provided.    (See,  also,  page  778.) 

Metal-covered  Wooden  Doors  as  Fire-Doors.  Wooden  doors  covt 
by  the  Kai.amejn  or  other  process  (page  694)  are  sometimes  used  as  £re-dc 
where  appearance  is  a  consideration.    They  are  not  considered  equal,  bowca 

to  the  STANDARD  TIN-COVEILED  WOODEN  DOORS. 

Steel  Pire-Doors  and  Shutters.  For  a  satisfactory  stcez.  Foue-n 
a  H-in  sheet  of  steel  should  be  used,  and  it  should  be  reinforced  on  the  fa 
with  a  frame  of  angle-irons,  not  less  than  iH  by  iH  by  3i  in,  and  incxeasui( 
size  with  the  door  or  shutter.  These  doors  or  shutters  may  operate  in  on 
three  ways:  (i)  swing  on  hinges,  (2)  slide  on  tracks,  or  (3)  roU  vertics 
The  SWINGING  DOORS  or  shutters  are  the  most  reliable  as  there  are  no  a 
plicated  parts  to  get  out  of  order.  They  should  be  hung  on  e>'es  built  into 
masonry  walls.  Sliding  doors  or  shutters  must  have  the  rails  on  which  £ 
operate  protected  by  metal  shields  to  ptevent  obstnictioiL  For  larger  opesd 
the  rolung  shutters  are  generally  preferred.  They  are  m^e  in  lir»r^BT| 
jointed  sectional  strips,  which  wind  up  on  a  roller  placed  in  a  pocket  above 
opening,  the  ends  moving  in  metal  grooves  to  hold  them  in  place.  They  | 
erally  operate  vertically,  although  some  are  made  to  operate  bokizcxntai 
the  rollers  being  set  vertically  in  pockets  at  the  sides  of  the  opexunga.  Tl 
latter  are  more  apt  to  get  out  of  order.  Tbe  vertically  operated  dooa 
shutters  are  balanced  by  springs  or  weights  to  make  them  nu>ve  easUy  u| 
down.  Where  they  are  intended  to  be  closed  in  case  of  necessity  only,  i 
are  slightly  weighed  and  held  open  by  means  of  fusible  links,  so  that  in  csa 
fire  they  will  close  automatically. 

Sheet-Metal  for  Fire-resisting  Window-Framss  and  Sashes. t    Tl 

are  now  made  weather-tight  and  perfectly  practicable  in  all  respects,  and  sfaa 
be  used  wherever  fire-resisting  windows  are  desired.  The  sashes  are  a 
especially  for  holding  wire-glass.  These  sheet-metal  windows  are  madi 
a  great  variety  of  forms  to  meet  a}l  purposes  and  the  sashes  may  be  statiosH 
pivoted  either  horizontally  or  vertically,  hinged,  or  double-hung  with  vei^ 
like  ordinary  windows.  For  factories,  warehouses,  stairways,  and  eleviri 
shafts,  a  stationary  lower  and  a  pivoted  upper  sash  are  commonly  used,  as  ( 
is  the  cheapest  type  of  window.    The  double-hung  windows  arc  now  a 

*  Insurance  Engineering,  Dec.,  1903. 

t  To  be  had  for  the  aakiag. 

t  See,  abo.  Hollow  Mttal  V^dow^^m&es  and  Saihes,  pace  897. 
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iori:  as  smootbly  as  woodeo  Mslns  in  ordiascy  box  fravMs.  For  oS^ce», 
kt  etc.,  a  window  baving  two  sas)iM,  slaswl  with  wire-glass,  vii  doeusig 
locking  automaticaljy  kk  case  of  fire,  and  a  third  inper  sash  glased  wick 
r  glae,  has  all  ol  the  advanti^ges  of  an  oidinary  window  with  the  additional 
lotages  ai  fijv-protection  and  better  ^S^on  of  light.  Metal  fly^soreeiHi 
cu  be  nsed  with  these  windows.  AU  movable  sashes,  glaced  with  wii^ 
;,  sboidd  be  fxrovided  with  a  device  by  which  the  »abes  will  close  and  lock 
naticaily  in  case  of  fire.  Two  tMcknesaes  of  wire-glass  are  aonethaDiM  used 
a  ventilated  air-^pace  of  at  least  i  in  between  the  lights. 

10.  Bzdiiflninhiiig  Devkcg  aad  Pr«c«itiooarsr  M «MtffM 

'ater-Caitaixi9.  "The  vulnerable  portion  of  buUdlngs  generally  is  the 
:,  where  great  window-openings  axe  desired  for  purposes  of  light,  and  where 
considered  objectionable  on  account  of  appearance  to  have  shutters  or 
wiie-glass  windows.  These  large  window-openings  afford  great  oppor^ 
ies  for  the  spread  of  fire  across  streets.  The  danger  of  damage  is  much 
ased  where  the  fronts,  as  is  veiy  common,  are  made  of  unprotected  metal- 
.  A  notable  example,  illustrating  such  danger,  was  the  building  of  the 
battan  Savings  Institution,  New  Ynrk  City,  wluch  was  severely  damaged 
tfanost  destroyed  by  a  fire  In  a  $ix-8tory  non-fire-proof  building  across  the 
L  Sndi  conditions  might  be  overcome  to  some  extent  perhaps,  by  the 
dnction  of  some  system  such  as  the  water-cuktaims  that  were  placed  on 
Imcago  Public  library.  This  is  practically  a  sramaeft  cystem  set  along 
dge  of  the  ooraice  of  1^  building,  and  so  arranged  as  to  furnish  a  thin 
of  water  in  front  oi  the  building.  Sudi  a  sheet  will,  however,  not  extend 
sfiDre  it  is  turned  into  spray  and  thus  becomes  practical  useless.  A  similar 
geraent  placed  at  each  window-opening  nught  be  more  useful,  though  it 
libtliil  whether  it  would  be  of  much  value  in  any  severe  conflagration.''* 
ndcs  of  the  National  Board  of  Fire  Underwriters  for  open  SPfitmcLESS 
(ter-^urtains  determine  the  sizes  of  piping  and  feednnains,  and  the  general 
peocDt  of  the  system. 

Bcaiittoiuuy  Measures  in  Genera].t  No  matter  how  thoroughly  a  build- 
firetwooled,  if  k  is  fiUed  ^th  combustible  goods,  as  a  warehouse,  store,  or 
y,  there  is  sAways  the  poeslbiity  of  a  fire,  which,  if  unchecked  when  first 
d,  Bsust  neoessai^  entail  a  great  loss  and  waon  or  less  damage  to  the 
mg.  If  a  fire  is  diKOverad  and  checked  in  its  indpient  stage  this  loss  is 
ed.  Tbere  are  now  many  valuable  devices  for  betectino  and  checking 
wliidi  ahould  be  installed  in  every  warehouse,  and  which  often  may  be 
1  wkh  advantage  in  buildings  used  for  other  purposes.  The  more  important 
se  are  aotomatk:  alarms,  automatic  spnnklers,  and  standpipes. 

tomatic  Alarms.  The  prompt  discovery  of  fire  generally  brings  about 
3t  extingruishment,  but  as  it  is  not  practicable  to  have  someone  on  duty  in 
rts  of  a  pn^Kity  at  all  times,  fires  may  gain  serious  headway  before  being 
«red,  unless  sovie  system  of  automatic  notification  is  used.  Next  to  auto- 
iprinklersk  af^rav«d  automatic  fire-alarm  systems,  thermostats,  are  per- 
Jie  naost  Inportant  of  the  fire>protection  devices.  There  are  two  general 
I  of  ttiermostats:  one  which  operates  at  a  fixed  oit  pkedetekmined 
xjm7K£,  and  the  coKPEifsATniG-TypE.  The  latter  requires  a  certain  rise 
ipara(tiiFe  within  a  given  tkne.  This  latter  type  is  common  in  Europe,  while 
I  couaibry  <he  loBed-icsBpersiture-tsrpe  has  been  preferred.    The  compen- 

*  Insurance  Engineering,  Dec.,  1902. 
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sating-types  seem  to  have  been  used  \nth  some  success  in  certain  sections^  1 
have  not  proved  altogether  satisfactory.  For  general  use  it  would  appear  u 
the  SOLDER-TYPE  OF  THERMOSTAT  has  many  advantages  when  used  in  connect 
with  a  simple  cxosed-circuit  system.  The  most  common  type  of  thennod 
system  is  the  electric  system,  in  which  the  thermostats  are  designed  to  of 
or  close  the  electric  circuit  and  cause  bells  to  be  rung  at  designated  points.  % 
thermostats,  or  drcuit-closers,  may  be  of  the  fixed-tonperature  type  or  adjust 
to  operate  at  any  desired  temperature.  The  former  are  chiefly  of  the  soldi 
type,  while  the  most  common  variety  of  the  latter  type  consists  of  a  spring 
TWO  DISSIMILAR  METALS,  which  expand  unequally. 

The  Aero  Syfttem.    The  best-known  system  of  the  compensating-type  is  I 

AERO  SYSTEM  installed  by  the  Aero  Fire  Alarm  Company,  New  York  Qq 
This  consists  of  a  small  copper  tube  attached  to  the  ceiling.  A  quick  rise 
temperature,  as  in  the  case  of  fire,  expands  the  air  in  the  tube  and  acts  on  a  sea 
live  diaphragm,  which  latter  makes  an  electrical  connection,  cauising;  a  tm 
mitter  to  operate  and  send  in  an  alarm. 

The  Reichel  System  is  installed  by  the  Pacific  Fire  Extinguisher  Consipa 
San  Francisco,  Cal.  This  system  is  of  the  compensating-type,  the  Reics 
THERMOSTATS*  Consisting  of  a  thermopyle  of  special  design  which  is  oonned 
in  series  with  an  electric  circuit.  Any  rapid  increase  in  heat  generates  stiffick 
current  to  actuate  a  transmitter.  Slow  changes  in  temperature  do  not  open 
the  system. 

The  Derby  Automatic  Fire-Alarm  System  is  installed  by  the  AmeriB 
Fire  Prevention  Bureau,  New  York  City.  This  system  consists  of  a  two-«| 
CLOSED  circuit,  and  uses  the  Derby  fire-semtinels,*  in  multiple,  across  I 
line.  Any  derangement  of  the  circuit  gives  a  local  or  central  station  troidii 
alarm.  Upon  the  operation  of  a  sentinel  thermostat,  resistance  is  awl 
mati9ally  cut  out  of  the  circuit,  thereby  causing  the  operation  of  fire-^onigs  H 
transmitters.  The  Derby  Fire  Sentinel  can  be  used  on  wiring  S3rstems  utilid 
primary,  storage,  or  public-service  energy  up  to  no  volts.  The  SentiDcb  i 
made  for  attaching  to  open  wiring  and  also  for  use  in  connection  with  coooeai 
work. 

The  Watkins  Thermostat  is  installed  by  the  Automatic  Fire  Alann  Coi 
pany,  New  York  City.  It  consists  of  a  perforated  metal  case,  endoaing  a  ru 
spring  of  two  dissimilar  metals.  The  spring  is  fastened  at  one  end,  and  ti 
heat  causes  a  movement,  due  to  the  unequal  expansion  of  the  t^'o  mexai 
Watkins  thermostats  are  wired  in  multiple,  the  vnring  system  being  part  mpt 
and  part  closed.  The  thermostats  are  adjusted  by  hand.  They  are  likely  to  1 
affected  by  corrosive  influences,  moisture,  and  rough  handling.  This  systci 
however,  has  been  more  largely  installed  than  any  other,  being  the  princ^ 
type  of  thermostat  used  in  Boston,  New  York,  and  Philadelphia,  where,  wk 
good  supervision,  its  record  has  been  satisfactory. 

Automatic  Spriiilders.  "An  automatic  sprinkler  is  a  device  for  distriba 
ing  water  by  means  of  a  valve  which  is  arranged  to  open  under  the  action  i 
heat,  as  from  a  Are  which  it  is  intended  to  extinguish.  The  distributkm  < 
water  which  results  from  properly  located  sprinklers  occurs  in  the  form  of 
rain  of  jets  or  drops,  and  is  sufficient  to  drench  almost  any  inflammable  stoc 
beyond  the  point  of  ignition.  The  distribution  is  also  economical,  as  the  vati 
is  more  evenly  applied  than  from  a  nozzle  attached  to  a  fire-hose,  and  the  soun 
is  directly  above  the  fire.  Whenever  combustible  merchandise  constitoti 
the  contents  of  a  building,  automatic  sprinklers  are  of  great  value,  and  I 

.  *  Apptavtd  by  the  Underwriters'  Laboratories. 
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of  a  height  so  great  as  to  make  the  upper  stories  difficult  of  access, 

Dy  if  containing  large  areas  and  very  combustible  contents,  sprinklers 

ite  the  best  protection  obtainable."  *   Spsinkler-systems  may  be  divided 

general  types:  (i)  the  wbt-pipe  system,  or  automatic  sprinklers,  just 

ti;  (2)  the  dry-pipe  system.  Where  the  water  cannot  be  kept  from 
m  the  ordinary  wet-pipe  system,  recourse  is  had  to  the  dry-pipe  system, 
iprinkkr-pipes  are  filled  with  air  under  pressure,  which  is  automatically 
•d  by  the  opening  of  a  head-valve  under  heat.  This  release  of  pressure 
I  the  dry  valve  in  the  main  supply 'pipe,  allowing  water  to  flow  through 
prinkler-pipes  and  the  open  beads.  Automatic  sprinkler-heads  are  made 
pen  at  various  temperatures:  ordinary,  155^  to  165^;  intermediate, 
;  hard,  286**;  and  extra  hard,  360^  F.  The  higher-temperature  sprinklers 
ut  in  locations  where  the  heat  is  above  normal,  such  as  boiler-rooms  and 
ooffls.  V^arious  types,  made  by  the  following  manufiacturers,  have  been 
>ved  by  the  National  Board  of  Fire  Underwriters:!  International 
ikkr  Company,  New  York  City;  General  Fire  Extinguisher  Company, 
jdence,  R.  I.;  Automatic  Sprinkler  Company  of  America,  New  York  City; 
der  Brothers,  St.  Louis,  Mo.;  Esty  Sprinkler  Company  (H.  G.  Vogd 
puiy.  New  York,  sole  agents);  Globe  Automatic  Sprinkler  Company, 
dejphia.  Pa.;  Independent  Aetna  Sprinkler  Co.,  Philadelphia,  Pa.;  Ohio 
Datic  Sprinkler  Company,  Yoimgstown,  Ohio;  and  Rockwood  Sprinkler 
pa&y,  Worcester,  Mass. 

riiiUer  Sttperyisory  Devices.  These  devices  consist  of  apparatus  for 
nswrriNG  SIGNALS  when  gate-valves  are  dosed  or  open;  when  water  in 
I  falls  below  or  b  restored  to  a  predetermined  levd;  when  pressure  in 
nks  falls  below  or  is  restored  to  a  predetermined  amount;  when  water 
iks  falls  below  or  rises  above  predetermined  temperatures;  abo  to  transmit 
r-flow  signals  and  to  withold  signals  from  water-surges  or  variable  pres- 
"  They  are  used  in  connection  with  central-station  signalling 
3fs  for  supervising  the  operation  and  maintenance  of  sprinkler-etiuip> 
L  The  devices  of  the  American  District  Telegraph  Company  of  New 
City,  are  approved  by  the  National  Board  of  Fire  Underwriters.! 

ind-Pipes  mud  Rose-Reels.  In  office-buildings,  hotels,  and  apartment- 
%  where  sprinklerr^ystems  are  hardly  suitable,  stand-pipes  with  hose- 
tn  each  story  and  on  the  roof,  ready  for  instant  use,  constitute  the  best 
I  of  quickly  controlling  a  fire.  All  buildings  over  certain  heights  should 
Njuipped,  the  height  being  fixed  by  the  ability  of  the  local  fire  department 
dk  effectivdy  the  upper  parts  of  the  building  with  its  hose-streams.  The 
pipe  should  be  from  3  H  to  6  in  in  diameter,  according  to  the  size  and 
of  the  htiilding,  and  should  be  connected  with  the  water-supply  of  the 
ig  and  provided  with  Siamese  connections  at  the  street-level  for  the  fire 
ment.  Check-vaives  should  be  provided,  so  that  when  the  fire-depart- 
ngines  are  attached,  their  force  will  be  added  to  the  force  due  to  the  head 
cr  from  the  fire-tanks,  or  to  the  fire-pumps,  or  to  the  force  of  the  dty 
system.  Stand-pipes  should  be  placed  within  the  stair-enclosures.  In 
jties  the  practise  is  to  attach  them  to  the  outside  fire-escapes  of  the 
g.  The  number  and  location  of  stand-pipes  should  be  such  that  all  parts 
building  can  be  reached  by  at  least  one  stream  supplied  by  hose  not 
ng  zoo  ft  in  length. 

•J.  ILFreitag. 

t  list  of  Fire  Appliances,  National  Board  of  Fire  Underwriters. 
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&EINFOBCED-CONCRETE   CONSTEUCTION 

By 
RUDOLPH  P.  MILLER 

SUPStOmCMDCMT  OV  BOXLOOfGS,    BOftOUGB   Of   ICAMHAITAM,  KKW  lOBK 

X.  Introductory  Notes 

Definition.  The  tenn  reinforced  concrete  is  defined  in  the  propose 
standard  regulations  of  the  Ameiioui  Concrete  Institute  as  "an  approved  mu 
ture  of  Portland  cement,  with  water  and  aggregates  in  which  metal  (general] 
steel)  has  been  embedded  in  proportionately  small  sections,  in  such  a 
that  the  metal  and  the  concrete  assist  each  other  in  taJung  stress."! 

Historical  Rotos.  The  great  value  of  ooncrete  as  a  stmctural  matecial 
subjected  to  compreeston  only  has  been  recognized  lor  centuriesw  The  uae  < 
reinforced  concrete,  however,  as  a  practicable  and  oommerdal  form  of 
tion  is  comparatively  recent.  It  is  true  that  as  far  bad:  at  1869, 
Coignet  of  Paris  took  out  letters  patent  on  a  combination  of  iron  and  concicti 
and  that  even  before  this,  in  1867,  the  principle  of  reinforcing  concrete  with  ira 
had  been  af^lied  by  P.  A.  J.  Monier,  a  gardener  of  Paris,  to  the  making  of  hu% 
flower-pots;  still,  the  general  application  to  building-constniction  did  not  ooai 
till  about  the  middle  of  the  last  decade  of  the  nineteenth  century.  In  its  devdof 
ment  it  was  first  applied  to  bridge-construction.  The  discussion  of  the  subjec 
in  this  chapter  is  confined  to  its  use  in  the  construction  of  buildings.  Th 
earliest  example  of  a  building  of  reinforced  concrete  in  this  country,  and  probabi; 
in  the  world,  is  that  erected  in  1875  by  W.  £.  Ward,  near  Port  Chester*  N.  Y. 
in  which  '*not  only  all  the  external  and  internal  walls,  cornices^  and  towers  ms 
constructed  of  concrete,  but  all  of  the  beams  and  roofs  were  exclusively  made  0 
concrete  reinforced  by  light  iron  beams  and  rods."  X 

The  Erection  of  Reinforcsd-Conerste  Work.  In  general  outline,  abuiU 
ing  operation  in  reinforced  concrete  conaiats  in  the  usual  preparations  of  the  sib 
by  excavation  or  otherwise,  the  provision  of  suitable  foundations  for  walls 
columns,  or  other  supports,  the  erection  of  a  series  of  wooden  molds  or  fon&a,  th 
placing  of  the  necessary  steel  reinforcement,  the  pouring  of  the  concrete,  am 
the  removal  of  the  forms  after  the  concrete  has  set  sufficiently  to  fwiatain  itad 
and  the  load  that  may  come  on  it  during  construction.  From  the  besinnisi 
of  the  erection  of  the  forms  the  successive  steps  are  progressive,  that  is,  th 
placing  of  the  steel  and  pouring  of  the  concrete  are  going  on  in  the  lower  sec 
tions  or  stories  while  the  forms  are  being  erected  for  the  upper  sections  or  stories 
So  that  in  a  large  operation  the  carpenters,  the  steel>settcrs,  and  the  ooncretci! 
may  all  be  working  at  the  same  time,  one  set  slightly  in  advance  of  the  otheiSi 
without  interference  one  with  the  others.    These  several  steps  in  the  operatioi 

*  For  Concrete  in  general  and  Mass-Concrete,  stfe  Chapter  III,  pages  340  to  asz;  la 
Strength  of  Concrete  without  Reinforcement.  Chapter  V,  pages  383  to  1^7;  and  fa 
Reinforced-Concrete  Factory-Construction,  Chapter  XXV.  See,  also^  Chapter  XXU 
pages  817  and  S42. 

t  Proc.  Am.  Concrete  Inst.,  Vol.  XV,  1919. 

t  For  a  further  and  more  extended  history  the  reader  is  referred  to  the  larger  treatiM 
en  this  subject  and  to  Edwin  Thacher'a  article  in  Engineering  News,  March  26,  190(3. 
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nsidered  in  greater  detail  in  Chapter-Subdivision  7»  page  963,  Erection  of 
rced-Concrete  Construction. 

S.  Materials  Used  in  Reinforced-Concrete  Construction 

Materials  used  in  reinforced  concrete  are  concrete  and  steel.  The 
te  forms  the  mass  of  the  construction.  Its  proper  use  is  to  resist  com- 
Q.  While  it  has  some  tensile  strength  the  amount  is  so  small  and  so 
e  that  it  should  always  be  neglected.  Steel  is  used  for  the  reinforcing 
i]  as  it  furnishes  the  greatest  amount  of  strength  at  the  least  expense. 
ST  IRON  could  be  used,  but  it  is  practically  unobtainable  under  present 
ODS,  and,  as  already  intimated,  its  use  is  not  economical. 

vate.  The  concrete  consists  of  a  mixture  of  cement  and  some  aggre- 
de&iite  proportions,  with  the  necessary  water  to  cause  the  setting  of  the 

•nt.     Portland  cement  should  always  be  used  in  reinforced  concrete, 

ihould  always  be  tested  before  being  used.    Even  in  small  jobs  it  is  im- 

to  know  that  the  cement  is  strong  and  sound.    In  purchasing  the  cement, 

tificate  of  some  reliable  testing-laboratoiy  should  be  made  one  of  the 

tos  of  acceptance.    Under  all  circumstances,  it  is  always  best  to  have 

ing  done  at  some  well-established  and  properly  equipped  cement-testing 

Ky.    The  results  of  tests  in  temporary  laboratories  are  often  abnormal 

y  lead  to  unnecessary  controversies  with  the  manufacturers.    To  be 

>le,  a  cement  should  meet  the  following  requirements  as  caUed  for  in 

i  specifications.* 

nc  GRAvrrv.    The  specific  gravity  of  the  cement  should  be  not  less 

o. 

FEss.    It  should  leave  by  weight  a  residue  of  not  more  than  22%  on  a 

sieve. 

or  Setttmg.    It  should  develop  initial  set  in  not  less  than  45  or  60  min- 

ording  as  the  Vicat  or  GiUmore  needle  is  used,  but  must  develop  final 

in  10  hours. 

LE  Strength.    The  minimum  requirements  for  tensile  strength  for 

es  of  I -in-square  section  should  be  as  follows,  and  should  show  no  retro' 

in  strength  within  the  periods  specified: 

Neat  cement 
"s  (i  day  in  moist  air,  27  days  in  water) 600  lb  per  sq  in 

Qm  PART  cement,  TBREE  farts  standard  OTTAWA  SAND 

3(1  day  in  moist  air,  6  days  in  water) 200  lb  per  sq  in 

s  (x  day  in  moist  air,  27  days  in  water) 300  lb  per  sq  in 

ANCY  or  Volume.  Pats  of  neat  cement  about  3  in  in  diameter,  H  in 
Lbe  center,  and  tapering  to  a  thin  edge,  should  be  kept  in  moist  air  for  a 
24  hours.  The  pat  is  then  exposed  in  an  atmosphere  of  steam,  x  in  above 
ater,  in  a  loosely  closed  vessel,  for  5  hours. 

pats,  to  satisfactorily  pass  the  requirements,  should  remain  firm  and 
show  no  signs  of  distortion,  checking,  cracking,  or  disintegration. 

le  complete  standard  specifications  see  the  latest  Year  Book  of  the  Am.  Soc. 
Mats.  See.  also.  Chapter  III,  page  237.  for  the  principal  clauses  of  the  kist 
Specifi<:atJon9  for  Portland  Cement,  adopted  In  igz6.  and  effective  January 
y  the  Am.  Soc.  for  Test.  Mats.    The  tensile  strengths  for  neat  cement  are 
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Sulphuric  Aero  and  Magnesia..  The  cement  should  not  contain  more  t 
2%  of  anhydrous  sulphuric  add  (SOs)  nor  more  than  5%  of  magnesia  (>I| 
The  test  for  constancy  of  volumb  or  soundness  is  of  particular  importj 
for  reinforced-concrete  work.  When  used  in  large  masses  an  occasional  b 
of  concrete  made  with  unsound  cement  may  not  seriously  aCfect  the  final  res 
but  in  reinforced-concrete  building  operations,  where  the  different  memha 
the  structures  are  comparatively  small,  the  safety  of  the  entire  building  1 
be  jeopardized  by  the  use  of  a  small  amount  of  unsound  cement  in  some  im 
tant  part,  such  as  a  column. 

Aggregate.*  By  the  term  aggregate  is  understood  the  materials,  inclm 
the  sand,  mixed  with  the  cement  to  make  the  concrete.  In  practically  all  a 
the  sand  is  a  necessary  element. 

Sand.  "The  sand  should  be  clean.  One  may  obtain  some  idea  of  its  cte 
ness  by  placing  it  in  the  palm  of  one  hand  and  rubbing  it  with  the  fin^^rs  ol 
other.  If  the  sand  is  dirty,  it  will  discolor  the  palm.  Unless  from  a  ban 
known  quality,  a  sand  should  be  tested  for  tensile  strength  of  mortar,  bt 
using.  Preference  should  be  given  to  sand  containing  a  mixture  of  coarse 
fine  grains.  Extremely  fine  sand  even  if  clean  makes  a  weak  mortar  and  sh 
never  be  used  unless  with  a  large  excess  of  cement."  f  Mortars  composed  oi 
part  Portland  cement  and  three  parts  ^ne  aggregate  or  sand,  by  weierbt,  sh 
show  a  tensile  strength  of  at  least  70%  of  the  strength  of  i  :  3  mortar  of  the  9 
consistency  and  of  the  same  cement  mixed  with  standard  Ottawa  sand. 
New  York  Regulations  specify  that  fine  aggregate  shall  consist  of  sand,  cmi 
stone,  or  gravel  screenings,  passing  when  dry,  a  screen  ha\ing  H-in-  dian 
holes,  and  passing  not  more  than  6%  through  a  sieve  having  100  Rieshes 
linear  inch.  The  Chicago  Regulations  specify  that  not  less  than  45%  sha] 
retained  on  a  screen  of  400  meshes  to  the  square  inch.    (See,  also,  page  24 1.} 

Coarse  Aggregate.  For  the  coarser  material  op  the  aggrecate  a 
materials  are  used  and  many  others  have  been  suggested.  Its  selection  is ; 
erally  dependent  upon  local  conditions.  If  possible,  gravel  or  crushed  a 
should  be  used.  Whatever  is  used  should  be  a  clean,  hard  substance  that 
secure  to  the  concrete  the  necessary  strength;  that  is,  the  crushing  stra 
of  this  material  should  be  equal  to  or  greater  than  that  of  the  mortar  usee 
least  at  the  age  of  28  days.  In  any  case,  where  no  reliable  information  is  a 
had  on  the  strength  of  a  concrete  made  from  a  given  aggregate,  careful  inv 
gation  should  be  made  before  such  material  is  used.    (See,  abo,  page  241.) 

Gravel.    Gravel,  like  sand,  should  be  dean.    If  dirty  it  should  be 
before  being  used.    To  get  the  most  satisfactory  or  uniform  results,  _ 
should  be  screened  and  graded  and  then  mixed  in  definite  proportions,  ai 
RUN  OF  THE  BANK  will  generally  not  give  uniform  results.    (See,  also,  pace  I 

Stone.  The  most  satisfactory  stone  that  can  be  used  is  trap-rock  M 
which  term  are  included  most  of  the  rocks  of  igneous  origin),  because  « 
toughness  and  great  compressive  strength.  The  granites,  as  they  are  1 
mercially  known,  are  considered  by  some  equal  in  quality  to  trap-rock  foM 
ma\i'ing  of  ooncTcte.  The  presence  of  mica  in  considerable  proportion  in  | 
of  the  so-called  granites  would  seem  to  make  them  unsuitable. 


*  See,  also,  Chapter  III,  pa^es  240  to  251.    The  daU  there  on  AgsTCfEatcs.  Vti 

tioning  MateriaLs,  etc.,  relate  more  particularly  to  mass-concrete,  while    tbc'  *H 
Chapter  XXIV  is  intended  to  cover,  more  in  detail,  reinforced  concrete. 

f  Treatise  on  Concrete,  Plain  and  Reinforced,  Taylor  and  Thompson,  thiid  edi 
19x6,  page  12. 
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soft  varieties  are  excepted,  make  excellent  concrete  as  far  as  strength  is 
rncd.  They  would,  however,  seem  to  affect  jthe  fire-proof  character  of 
oncrete.  (See  Tables  on  page  956.)  The  harder  and  moie  compact 
TONES,  also,  may  be  used  successfully,  but  great  care  must  be  exercised 
ir  selection.  Congloicerate,  which  is  in  reality  a  hard,  coarse  sandstone, 
t  gjve  very  satisfactory  results.  On  account  of  their  low  crushing  strength, 
or  SHALE  should  not  be  used  in  concrete.  Bendes  the  stones  thus  far 
med,  broken  brick,  terra-cotta,  purnace-clinker  and  furnace-slag 
leen  suggested.  In  the  selection  of  broken  brick  or  terra-cotta,  care  must 
en  to  get  hard-burned  material.  The  crushing  strength  of  such  material 
irell  selected,  is  a  little  more  than  that  of  acceptable  concrete,  28  days 
But  ordinarily,  commercial  brick  or  terra-cotta  will  not  meet  the  require- 
for  a  good  aggregate,  and  these  materials  should  be  used  only  as  a  last 
and  then  only  after  careful  investigation.     (See,  also,  page  241.) 

ien.  Furnace-clinkers  should  be  clean  and  entirely  free  from  com- 
!e  matter.  Cinders  are  often  used  where  fireproofing  is  the  primary 
sation,  and  no  doubt  good  constructions  may  be  obtained,  with  extreme 
y  the  use  of  clinker  or  cinder  concrete,  especially  if  the  material  is  ground, 
d  and  graded  as  suggested  for  gravel.  But  in  general  practice  the  con- 
i  not  uniform  in  quality  and  b  unreliable  in  strength.  It  is  therefore  not 
^red  in  this  chapter.  In  Chapter  XXIII,  Fireproofing  of  Buildings,  its 
iiacussed  on  pages  817  and  818.    (See,  also,  page  242.) 

of  Aggregate.  The  size  of  tbe,  aggregate  may  vary  from  K  to  2H 
ugest  diametrical  dimension,  dependmg  on  the  particular  purpose  for 
it  is  to  be  used.  Where  the  mass  of  concrete  is  comparatively  large  the 
tte  may  run  as  high  as  3  in  in  size.  This  may  sometimes  be  the  case 
datioous  and  in  laige  piers  and  thick  walls.  In  columns,  girders,  beams 
bs,  very  nnsatisfactoiy  results  would  be  obtained  if  so  large  a  st(me  were 
For  sach  work  no  stone  or  other  aggregate  should  be  used  laiger  than 
^ass  a  x-in  screen.  In  important  girders  and  oolumns,  espedaUy  when 
iorctng-bais  are  closely  spaced,  the  size  should  be  made  even  smaller  so 
xmcxete  of  viscous  consistency  is  produced  "which  will  pass  readily  be- 
nd easily  surround  the  remforcement  and  fill  all  parts  of  the  forms. "  * 
[AxnccM  SIZES  allowed  for  the  aggregate  in  rehif orced  concrete  in  the  dif- 
[ties  are  as  follows:  St.  Louis  and  Buffalo,  stone  that  will  pass  a  ^-in  ring, 

"three-quarter-inch  stone";  New  York,  Cleveland  and  Philadelphia, 
lat  wiB  pass  a  i-m  ring;  Chicago,  stone  passing  x-in-square  mesh;  San 
TO,  for  floors  and  fireproofing,  i-in  stone,  for  foundaticms,  2-in  stone, 
o,  page  241 -) 

r-     "The  water  used  in  mixing  concrete  should  be  free  from  <mI,  add, 
or  organic  matter."* 

irtions  of  the  Materials.  The  proper  proportion  of  the  materials 
into  the  concrete  is  dependent  upon  the  size  and  character  of  the  mate- 
I  cities  in  which  there  are  regulations  governing  reinforced-concrete  ccn* 
,  the  mixture  to  be  used  is  generally  specified.  In  the  absence  of  other 
itions  the  most  satisfactory  and  reliable  mixture  is,  one  part  of  Portland 
two  parts  of  sand  and  four  parts  of  stone  or  gravel.  It  is  the  mixture 
been  used  in  most  of  the  experimental  work  on  reinforced  concrete 
e  is  therefore  mudi  trustworthy  information  to  be  had  oonceming  it. 
se  of  large  or  important  operations,  however,  great  economy  can  often 

•  Trans.  Am.  See.  C.  B.,  1917,  Vol.  81,  page  1115. 
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be  effected  by  a  preliminaiy  study  of  the  materials  to  be  lued  and  of  III 
proper  proportions.  In  general,  for  given  materials,  the  most  eoooomical  ii 
ture  is  also  the  strongest.  The  old  method  of  determining  tlie  pmportkio 
concrete  by  measuring  the  voids  in  the  coarser  particles  by  tneans  of  w 
poured  into  a  box  containing  i  cu  f t  of  the  material  and  then  pxovidiiig  I 
quantity  of  finer  material,  assuming  the  cement  the  same  as  sand,  is  not  t 
recomznended.  It  does  not  give  accurate  or  satisfactoiy  results.  A  be 
method  is  to  take  the  materials  to  be  used  and  make  trial-nuzturos  by  vai] 
the  proportions,  always  using,  however,  the  same  amount  of  cement  and  wa 
These  trial-mixtures  are  placed  successively  in  a  measuring  vessel  of  fixed 
and  tamped,  and  the  height  to  which  the  vessel  is  filled  for  each  mixtoj 
noted.  The  x>roportions  that  give  the  lowest  height,  or  result  in  the  ana 
volume,  will  give  the  most  satisfactory  concrete.  (See,  also,  pasc  249  aad 
lowing  pages.) 

The  best  and  most  scientific  method,  howe^rer,  is  that  known  as  the  HEca 
ICAL  ANALYSIS,  devised  by  W.  B.  Fuller.  In  this  method  the  available  xnatex 
including  the  cement,  are  separated  into  the  various  sizes  by  means  of  a  si 
of  sieves;  curves  are  plotted  which  indicate  the  percentages  of  the  whole  n 
which  pass  the  several  sieves;  and  from  a  study  of  these  curves  the  proporl 
of  the  different  aggregates  are  determined.  For  a  dettuled  description  of 
method  the  reader  is  referred  to  the  chapter  on  Proportioning  Concrete  is 
191 2  edition  of  the  Treatise  on  Concrete,  Plain  and  Reinforced,  by  Xaylor 
Thompson.  As  an  escample  of  the  saving  possible,  the  following  case,  give 
the  work  just  referred  to,  will  be  of  interesL 

"The  ordinary  misttwe  for  water-tight  ooncrete  is  about  1:2:4,  wind 
quires  1.57  barrels  of  oement  per  cubic  yard  of  omcrete.  By  carefully  sn 
the  materials  by  methods  of  mechanicai  analysis  the  writer  has  obtained  -m 
tight  work  with  a  mixture  of  about  1:3:7,  thus  using  only  i^oz  bond 
cement  per  cubic  yard  of  concrete.  This  saving  of  0.56  barrel  is  eQuiya 
with  Portland  oement  at  $x^6o  per  barrel,  to  $0.89  per  cu  yd  of  oanci«te. 
added  cost  of  labor  for  propoitioning  and  mixing  the  concrete,  lM*^-nntr  o 
use  of  five  grades  of  aggregate  instead  of  two,  was  about  $0.15  per  a 
thus  effecting  a  net  saving  $0.74  per  cu  yd.  On  a  piece  of  work  invcli 
say,  20000  cu  yd  of  ooncrete,  such  a  saving  would  amount  to  SX4.  80c 
amount  well  worth  considerable  study  and  effort  on  the  part  of  those  in  rea 
si  We  charge." 

In  the  ordinances  or  regulations  governing  reinforced  cx>ocicte  of  vm 
cities  the  ppopordons  to  be  used  we  geaerally  prescribed,  in  titm  York,  ' 
concrete  for  refnforced-concrete  structtires  «haU  oonsiat  of  a  wet  nutnre  d 
part  of  Portland  cement  to  not  more  than  six  parts  of  aggregate,  ^ne  aiid  co 
either  in  the  proportion  of  one  part  of  cement^  two  parts  of  fine  assresata 
four  parts  of  coarse  aggregate,  or  in  such  proportion  that  the  lesistajace  a( 
concrete  to  crushing  shall  not  be  less  than  2  octo  lb  per  sq  in  after  hardenu^ 
28  days."  In  Chicago,  various  grades  of  concrete  are  specified  with  the 
mate  compressive  resistance,  to  be  developed,  from  a  mixture  of  i  ;  1  :  a 
an  ultimate  strength  of  2  900  lb  per  sq  in,  to  a  i  :  3  :  7  mixture  with  a  strtj 
of  I  500  lb  per  sq  in.  In  Buffalo  and  San  Francisco  the  proportion  is  | 
as  one  of  cement  t9  six  of  aggregate;  in  Boston  it  is  one  of  cement  to  fi 
aggregate. 

Com|K«Ml^«  Strengtk  of  Seinforc^d  ConcxBte.  For  leinforcedrcoii 
tmck  no  mSjetttic   ^boitfd   be  -used  that  does  not  develop  a 

STRENGTH  of  at  least  2  000  lb  per  sq  in  at  the  age  of  28  days, 
strength  of  various  ooncietes  is  ^own  in  the  SoUowiog  table: 
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^iic   stresses  for  Reinforced  Concrete.     Some  ionnulas  for  the 

of  reiiiforced-coBcrete  construction  provide  for  the  use  of  the  ultimate 

B  of  the  [concrete  and  the  application  of  a  factor  of  safety.    This 

is  ziot  to  be  recomxnended  as  it  necessitates  either  the  test  of  the  con* 

the  assumptioo  of  an  ultimate  strength.    While  it  is  undoubtedly  de- 

lat  the  concrete  should  be  tested,  this  is  generally  impracticable  whea 

iin^  is  beizig  designed.    It  should  be  done  during  construction  and  is 

the  best  wotk,  to  make  sum  that  the  concrete  is  up  to  the  require- 

Varioos  factors  of  safety  from  two  and  one  half  to  ten  have  been  pro- 

erent  factors  of  safety  are  used  for  different  members  of  a  structure 

conditions.    This  is  another  reason  why  it  would  be  better  to  use 

STX£86B6  than  ulthcate  stsxsses.    The  following  workikg  stresses 

ded  for  reinforced  concrete  that  wfll  develop  a  csusEuro  strength 

per  sq  in  in  28  days: 

in  compressloD. « * 650  lb  persq  in 

, , 40  lb  per  sq  in   ' 

sfaeanng-stress  when  aU  dSagonal  tension  is  re- 
by  the  steel,  and  Hut  steel-reaistance    to  both 

kw  BxA  positive  moments  is  fuUly  developed Z50  lb  per  sq  in 

nmpression Seo  lb  per  sq  in 

b^ween  concrete  and  plain  reinforcing-bars. .  So  lb  per  sq  in  ' 

between  concrete  and  suitable  deformed  bars,  zoo  lb  per  sq  in 

the  stresses  allowed  by  various  buildiug  ordmaocesu 
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el  Reioforcemeiit.  The  function  of  the  sted  rdnforoenient  is  to  take  up 
asitudioal  and  diagonal  tensile  stresses  and  in  some  cases,  as  in  columns 
.  beams  zdnforced  at  the  top,  to  give  additional  compresave  strength. 

d  or  High  Steel.  Two  grades  of  steel  are  used  for  the  reinforcement, 
nsEL  and  high-caabon  steel.  Mild  or  medium  steel  b  used  for  all 
nal  shapes  and  is  the  ordinary  merchamt-steel.    It  has  an  ultimate 

strength  of  from  60  000  to  70  000  lb  per  sq  in,  and  its  elastic  limit  is  about 
Jf  the  ultimate  strength.  Hxgr-cakbon  steel  has  a  greater  percentage 
wn  and  is  therefore  more  brittle.  Its  ultimate  strength  is  about  105  000 
\  elastic  limit  about  ss  000  lb  per  sq  in.   The  use  of  mGH-CASBOM  steel 

pennit  greater  stresses  in  the  reinforcement,  and  consequently  a  less 
t  of  steel  and  a  greater  economy  in  construction.  On  account  of  its  greater 
less,  however,  it  is  liable  to  sudden  failures  under  stress.  It  is  also  often 
bo  be  cradled  or  broken  when  sent  to  the  work,  and  unless  it  is  very  care- 
ospected  there  is  great  liability  of  defective  material  getting  into  the 
le.  Furthermore,  much  of  the  so-called  high-carbon  steel  has  been 
n  practice,  after  testing,  to  fall  far  short  of  the  specifications.  Its  use  is 
re  to  be  avoided,  unless  special  care  is  taken  to  secure  an  absolutely  re- 
LTticIe  and  to  have  it  inspected  and  tested.  For  huge,  important  work 
uld  be  desirable.  Ordinarily,  however,  mild  steel  should  be  used,  as  com- 
]y  it  is  manufactured  and  sold  under  such  standard  conditions  that  it  is 
.  As  the  modulus  of  elasticity  of  high-carbon  steel  is  practically  the  same 

of  medium  steel,  the  deformation  under  any  given  loading  is  the  same 
le  is  no  special  advantage  in  the  use  of  one  over  the  other.  Sted  meeting 
dfications  of  the  American  Society  for  testing  materials*  for  rdnfordng* 
reoommended.  See  Table  III.  The  phosphorus  in  the  sted  should  not 
>.io%  for  Bessemer  sted  nor  0.05%  for  open-hearth  steel.  For  slab  and 
eam-rdnforcement  where  wire  or  small  rods  are  suitable,  sted  manu- 
1  from  Bessemer  billets  may  be  used  with  a  tensile  stsencth  of  105  ooo» 
[ELD-POINT  of  not  less  than  52  500  lb  per  sq  in. 

dng  Stresaet  for  Steel.  The  generally  accepted  working  stress  for 
.  steel  is  16  000  lb  per  sq  in  in  tension.  Tests  have  shown  that  in  cases 
tie  failure  of  rdnforced-concrete  beams  is  due  to  the  failure  of  the  rein- 
Qt,  the  stress  in  the  metal  had  not  more  than  reached  the  yield-point. 
int  is  somewhat  lower  than  the  elastic  limit.  The  working  stress  in 
I,  therefore,  should  be  a  fixed  proportion  of  the  yidd-point  or  the  elastic 
t  is  held  by  some  that  this  ratio  should  not  be  as  high  as  one  to  two, 
e  nearly  one  to  three,  reducing  the  working  stress  in  mild  steel  as  given 
»  10  000  or  12  000  lb  per  sq  in.  In  using  high-carbon  steel  they  would 
i  a  similar  ratio  of  the  elastic  Hmit,  whatever  that  may  be,  according  to 
tliiiarily  20  000  lb  per  sq  in  is  taken  as  the  working  stress  for  high-car- 
I.  Allowable  working  stresses  in  steel  rdnforcement  in  various  cities 
I  in  Table  II,  page  9x2. 

on-Memben.  Reinforcement  is  used  in  a  variety  of  shapes  and  com- 
(,  nearly  all  of  them  patented  and  some  of  them  forming  the  basis  for 
systems.  Where  the  reinforcement  is  employed  to  take  up  tension, 
am  or  sird«-,  the  bond  between  the  concrete  and  the  steel  is  relied  upon 
p  the  TENSIONAL  STRESSES  in  the  steel.  The  plain  bars  depend  entirely 
adhesion  of  the  steel  and  the  concrete  for  the  action  of  the  two  mate- 
tmbination,  or  the  full  tensile  strength  of  the  rod  is  developed  by  anchor- 
kIs  into  the  concrete  at  the  ends,  in  which  case  the  beam  becomes  more 

*  American  Society  for  Testing  Materials  Standards,  19x8. 
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(DOS  to  a  tniMed  beam  with  the  rod  w  the  tension-member.  Ia  croes- 
1,  plain  bars  are  usually  round  or  SQuaie,  though  sometimes  flat  bars, 
» tees,  or  other  shapes  are  used.  In  regard  to  the  use  of  square  bars  and 
)ther  shapes,  it  is  contended  that  the  edges  start  initial  cracks  in  the  con- 
IS  it  shrinks  in  setting.  Twisted  flat  bars,  when  placed  too  near  the  sur- 
tfae  concrete,  cause  a  spelling  or  breaking  out  of  the  concrete  from  between 
ivolutioos,  when  the  steel  is  under  stress. 

imefdal  Sisee.  As  a  result  of  the  shortage  of  steel  during  and  shice  the 
war,  the  larger  producers  of  reinforcing-bars  have  agreed  to  efiminate 
of  the  commercial  sizes  of  bats  iormeriy  in  use  and  are  now  Kmifim  their 
of  bars  to  the  following  sizes: 


Area 

Equivalent  to 

Area 

Bqoiralent  to 

o.zio  sq  in 
o.  196  sq  in 
0.250  sq  in 
0.307  sq  in 
0.442  sqin 

H-in  round 
M-in  round 
}4-in  square 
H'in  round 
H-in  round 

0.601  sq  in 
0.78s  sq  in 
1 .  000  sq  in 
1.366  sq  in 
1 .  563  sq  in 

H'ia  round     | 
x-in  round 
l-in  square 
z  K-in  square 
I  H-in  square 

ty  in  obtaining  reinforcement  wfQ  be  avoided  to  a  great  extent  by  the 
sines  in  designing  ronforced  concrete. 


rrmed  Bars.  With  the  DEfOssiXD  bass  the  adhesion  of  the  concrete  to 
A  is  supplemented  by  a  mechamtcal  bond  due  to  the  shape  of  the  bar. 
iowiDg  deformed  bars  have  been  and  are  at  present  widely  used. 

Sanaome  Bar.  The  Ransome  Twisted  Bars  (Fig.  1)  are  made  of  square 
Bars  should  be  "twisted  cold  with  one  complete  twist  in  a  length  of  not 


Fig.  1.    The  Ransome  Twisted  Bar 

3ve  times  the  tMckness  of  the  bar.^*  The  work  on  the  bars  in  the  twist- 
ess  increases  the  elastic  limit  and  the  tensile  strength;  but  the  amount 
KTcaae  is  not  fixed,  as  variations  In  the  grade  of  rolled  steel  may  result, 
Istijis,  in  still  wider  variations.  The  users  of  this  bar  generally  assume  a 
stress  of  20  000  lb  per  sq  in.  The  patent  on  this  bar  has  expired  and  it 
r  be  used  by  anyone.  Strictly  speaking,  this  is  not  a  deformed  bar. 
lts  can  be  obtained  in  all  sizes,  varying  by  H i^  from  H  to  i}^  in.  Larger 
o,  can  be  obtained  on  special  order. 


Fig.  2.    The  Buislo  Defonned  Bar 

uSmlo  Deformed  Bar.    The  Buffalo  Steel  Company  of  Tonawanda, 
akes  a  square  bar  with  rounded  edges,  thus  eliminating  the  sharp  cor- 

an  Society  for  Testing  Materials  Standards,  19x8,  pages  X49  and  153. 
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ners.  The  deformations  consist  of  raised  stars  along  the  sides  of  the  bar,  a 
shown  in  Fig.  2.  It  is  made  in  sizes  of  from  H  to  i^-in  diameter,  and  til 
cross-sectional  areas  are  equal  to  the  areas  of  equivalent  squares.    The  bars  ai 

rolled  from  old  railroad  rd 
and  comply  with  the  Standai 
Specifications  of  the  Ameria 
Society  for  Testing  Material 
for  rdnfordng-steel  of  thi 
kind.  The  steel  is  a  hif 
carbon  steel  with  a  tensi 
strength  of  So  ooo  lb  per  aqii 

Cormgatad      Bars.     Co 

rugated    bars   (Fig.   3),  bol 

square    and    round    in  cros 

section,  are  made  by  the  Co 

rugated  Bar  Company,  Iik 

Buffalo,  N.  Y.,  of  both  medium  and  high-elastic-limit  steel  with  a  yield-point  i 

about  50  000  lb  per  aq  in.    Corr-Bars  are  furnished  either  straight  and  cut  t 

length,  or  bent  ready  for  the  forms.    The  standard  azes  are  as  follows: 


Fig.  3.    Corrugated  Bars.    Round  and -Square 


Corrugated  Rounds 


Size  in  inches 

H 

H 

?i» 

H 

94 

% 

I 

iVi 

iM 

Net  area  in  square 
inches 

O.IX 

0.38 

O.X9 
0.66 

0.25 
0.86 

0.30 
I. OS 

0.44 

1. 52 

0.60 
2.06 

0.78 
2.69 

0.99 
3-4X 

t  sa 

Weight  per  foot  in 
poxinds 

431 

Corrugated  Squares 

Size  in  inches 

H 

H 

W 

H 

H 

H 

I 

ZH 

ly 

Net  area  in  square 
inches 

0.06 
0.22 

0.X4 
0.49 

0.2s 
0.86 

0.39 
1. 35 

0.56 
194 

0.76 
2.64 

i.oo 
3-43 

1.36 
4.34 

i.a 
53 

Weight  per  foot  in 
pounds 

Fig.  4.   The  Havcnneyer  Bar,  Square  and  Round 
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e  Havenneyer  Bar.  The  Havermeyer  Bar  (Fig.  4),  coatroUed  by  the 
vte  Steel  Company,  New  York  City,  consists  of  square  and  round  bars 
with  a  series  of  gradual  projections  and  depressions  on  all  sides,  the  defor- 
OS  being  so  designed  that  there  is  a  constant  cross-sectional  area.  They 
mished  in  the  following  sizes  and  weights: 


Square  bare 

Round  ban 

in  inches 

Area  in  square 

Weight  per 

Area  in  square 

Weight  per 

inches 

foot  in  pounds 

inches 

foot  in  pounds 

H 

0.0625 

0.2x2 

0.049X 

0.X67 

H 

0.1406 

0.478 

0.1104 

0.375 

H 

0.2500 

0.850 

0.1963 

0.667 

H 

0.3906 

Z.328 

0.3068 

1.043 

H 

0.562s 

1-9X3 

0.4418 

1.503 

H 

0.7656 

3.603 

0.60x3 

3.044 

I 

z.ooco 

3.400 

0.7854 

3.670 

iH 

Z.2656 

4.303 

0.9940 

3.379 

iH 

I  5625 

5.31a 

1.3272 

4-173 

iH 

1.8906 

2.2500 

6.438 

iH 

7.650 

ition  of  5%  under  and  2}i%  over  the  above  weights  is  required  for  rolling. 


oonoipany  also  rolls  a  fiat  bar  with  similar  deformations  on  the  wide  faces, 
rm  is  recommended  where  bars  must  be  bent  in  curves,  as  in  ^los,  sewers, 
1  running  them  through  a  tire-machine  to  bend  them,  the  edges  of  the 
;vent  the  lugs  from  being  damaged. 

Diamond  Bar.  The  Diamond  Bar  (Fig.  5),  put  on  the  market  by  the 
e  Steel  Engineering  (Company,  New  York,  is  a  bar  of  absolutely  uniform 


Fig.  5.    The  Diamond  Bar 

There  is  consequently  no  waste  of  metal  due  to  the  deformations, 
is  practically  a  round  bar,  and  as  sudden  transitions  from  one  section  to 


^^^^^'PC^'^PK»^.^];ii^^^^ 


Fig.  6.    The  Rib-bar 

ire  avoided,  all  tendency  to  cause  initial  cracks  in  the  concrete  is  over- 
he  wei|?hts  and  areas  of  Diamond  bars  are  equal  to  those  of  plain  square 
ike  denominations.    Bars  from  }i  to  i}i  in  in  diameter  may  be  ob- 


91S 


Reinloreed-Coiicrete  Construction 


Chap.  2 


The  Rib-Bar.  The  Rib-Bar  (Fig.  6)  manufactored  by  the  Tniacon  Stei 
Companyt  Youzigstoim,  Ohio,  is  a  rolled  bar  with  a  series  of  cross-fibs.  1%e9 
bars  are  made  with  rectazigular  or  round  section  and  are  furnished  in  sizies  < 
from  H  tQ  t}i  in,  the  areas  of  the  cross-sections  being  equivalent  to  squares  i 
equal  denominations;  but  the  weights  are  slightly  greater,  and  are  as  folio 


Size, 
in 

Square  bars 

Round  bars 

Area, 

.  sq  in 

Weight  per 

linear  foot, 

lb 

Area, 
sq  in 

Weight  per 
linear  foot. 

H 
H 
H 

H 

% 

1 

0.Z406 
0.3500 
0 . 3906 

0.5635 
0.7656 
z.oooo 
Z.3656 
Z.563S 

0.48 
0.86 
1. 35 
1-95 
3.65 

3.46 
4.38 
5-41 

0. 1104 
0.Z963 
0.3068 
0.4418 
0.6013 

0.7854 
0.9940 

■   ••«•« 

0.379 
0.674 
Z.054 
X.S17 
2.065 
»-697 
3.414 

ITn^^wfl**  GrijHBart.  These  bars  are  similar  in  general  design  to  tihe  Ril 
Bars,  differing  from  them  by  having  the  ribs  running  entirely  around  ibe  boi 
instead  of  half-way.  They  are  kept  in  stock  in  both  round  and  square  sectioi 
of  standard  sizes  and  weights,  by  the  Paul  J.  Kalman  Company,  of  Chicago,  I] 


Fig.  7.    The  Ovoid  Bar 

The  Ovoid  Bar.    The  Gabriel  Reinforcement  Company,  located  at 
Mich.,  furnishes  the  Ovoid  Bar  (Fig.  7),  in  sizes  and  areas  as  follows: 


Size  in  inches 

H 

^ 

^ 

H 

Ji 

z 

xH 

Area  in  square  inches .  .  . 
Weight  in  pounds 

0.Z406 
0.4940 

0.250 
0.873 

0.3906 
1.3560 

0.5635 
Z.9470 

0.7656 
3.6430 

x.ooo  i.a6a 

3.446I4.354 

1 

The  Monotype  Bar.    These  bars  are  cruciform  in  section,  and   have, 
intervals,  ribs  connecting  the  stems.    (Fig.  8.)    The  cross-sectional  azeas  1 


Fig.  8.    The  Monotype  Bar 


equivalent  to  those  of  standard  round  and  square  bars. 
Irom  the  Edward  A.  Tucker  Company,  Boston,  Mass. 


They  can  be 
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Grip-Ban.    These  bars  are  rolled  in  sections  equivalent  to  standard 
013.    The  cro89-9ection  is  especially  designed  so  that  shear-members 


Fig.  9.    The  Rfret  Grip-bar 

pdfy  attached,  as  shown  in  Fig.  9,  thus  securing  such  advantages  as  are 
ir  them.  They  are  handled  by  the  Concrete  Reinlordng  and  Engineer- 
any,  Cleveland,  Ohio. 


Rivet  grip- 
bars, 
size 

Area* 

sq  in 

Perimeter. 
in 

Weight, 
per  foot, 

lb 

>iin 
I  in 

xHm 

0.Z406 
0.3^ 
0.5675 
0.7656 
x.oooo 
I . 2656 
t.5625 

1.63 
4.00 
4.25 
4-75 
5.19 
5.75 
6.50 

0.478 
1.328 

r.913 
2.603 
3.400 
4  303 
5. 313 

[esh  and  Bacpandod  M«t«l.  Other  t3rpes  of  tension-reinforcement, 
t^-UESR  FABmc  and  expanded  metal  in  various  forms,  have  been 
a  Chapter  XXIII,  Fireproofing  of  Buildings.  Wire  fabric  has  come 
reneral  use  as  a  slab-reinforcement,  as  it  resists  temperature-cracks 
ickiag  of  the  concrete  from  impact  or  shock.  It  is  made  in  various 
b  heavy  longitudinal  or  carrying  wires  and  lighter  transverse  dis- 
ir  tie-wires.  Expanded  metal  is  similar  to  wire  mesh  in  providing 
*ot  in  both  directions,  rigidly  spaced  and  attached  or  fastened  to- 
ils additional  advantage  is  claimed  for  it;  it  provides  reinforcement 
JODSy  thus  taking  care  of  concentrated  loads. 

igf.  Different  methods  have  been  used  for  anchoring  the  tension- 
forced  concrete.  In  the  Hemiebique  system  of  construction  (Fig.  10) 
bars  are  used,  the  ends  of  the  rods  are  split  and  flared  out.  In  other 
IS  the  ends  oif  the  bars  are  simply  turned  at  right-angles  in  such 
:  is  xRost  suitable.  In  some  instances  nuts  and  washers  have  been 
he  ends  of  reinforring-rods.  Where  reinforced-concrete  floors  are 
nection  with  steel  columns  the  rods  are  run  through  the  web-plates 
insrl^-brackets  and  secured  with  nuts. 

1.  The  strengths  of  the  bond  between  concrete  and  steel  for  various 
rs  and  cBffering  conditions  are  shown  in  Table  IV.  After  the  bond 
he  reinforcement  still  acts  in  conjunction  with  the  concrete,  due  to 
>r  FRICTXONAL  RESISTANCE.    Numetous  tests  nave  shown  this  fric- 
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Fig.  10.    Tlic  Heuiebique  SyiLcm 

to  300  lb  per  sq  in,  dependins  upoa  the  character  of  die  concrete  and  the  de 
ot  [oughncsa  oF  the  steel.  Mecoanical  bond  depends  upon  the  shape  of 
bar  and  tbe  compces^ve  and  shearing  atiength  ot  the  OMCietc. 


TaN«  IV.     RmuIM  of  TmM 

ui  AdhMkn  BMWMB  CoQCtiAa  «Hl  SM 

Kind  of  bar 

SiM 

t™:lionot 
inch 

Concrete 

Ate 

(leveIo(*duil 

•4 

H 

H 
H 
H 
« 
» 
K 
91 
H 
U 
M 
»i 
fi 

?i 

iU:6 

Codayi 
»d*y. 

30  day, 
9oday> 
SO  day. 
3ci>y. 

31  days 
IS  days 

31  dayi 
30  days 

E 

TV 

T* 
TV 
TV 

S94(c) 
500  (c) 

,.ted  (R8n»n.e). 

i:.:4 

ated 

Neat  cement 

Nat'c^ent 

I  199  {.) 

701  (.1 

T96  (() 

9nM 

934  (<) 

as 

6«  (if) 
«46  M 

isled 

Co 

Tugated 

Cor 

Zh^if) :::::. 

The  bUowins  are  the  authorities  for  the  e 

(■)  A.  N.  Talbot.       (b)  C,  M.  SpolTord. 

(d)  T.  L.  CcmJron.         U)  Ten?  of 

U)   No  longer  r 


»  York  City  Rb[h<1  Tra 
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r-Members.  In  many  of  the  tests  on  full-sized  concrete  beams,  failure 
y  the  development  of  diagonal  brealLS  near  the  supports.  The  first 
crack  in  a  beam,  with  nothing  but  horizontal  tension-steel  at  the 
is  apt  to  occur  when  the  maximum  vertical  sheas  b  from  loo  to  200  lb 
.  Since  the  vertical  shear  is  accompanied  by  a  horizontal  shear  of 
ensity  in  all  parts  of  the  beam,  it  was  formerly  thought  that  this  diag« 
ire  was  due  to  these  shearing-forces  at  the  end  of  the  beam  and  vertical 
or  bent-up  rods  were  provided  to  resist  the  horizontal  shear.  More 
its  have  ^oWn  that  the  shearing  strength  of  concrete  is  from  60  to 
be  compressive  strength,  and  that  these  cracks  are  diagonal  and  in  the 
which  could  be  expected  from  the  theory  of  diagonal  tension, 
tributes  them  to  a  combination  of  the  shearing-stress  with  the  hori- 
isile  stress.  The  inclined  cracks  which  first  appear  are  due  to  a  rupture 
acrete  in  tension.  The  most  effective  way  to  prevent  this  rupture  b 
t  reinforoement  in  the  direction  of  the  stress  that  b  inclined  upwards 
le  supports,  as  nearly  as  ixMsible  normal  to  the  line  of  the  diagonal 
'ertical  reinforcement  could  be  used,  but  it  would  ]not  act  until  def- 
or  downward  dbplacement  of  the  concrete  occurred  on  the  side  of  the 
y  from  the  support.  If  vertical  stirrups  are  used  for  thb  reinforce- 
f  must  be  spa^  a  less  distance  apart  than  the  effective  depth  of  the 
I  they  must  be  looped  around,  though  not  necessarily  attached  to,  the 
bars.  When  inclined  reinforcement  is  used,  it  must  be  rigidly  at- 
the  longitudinal  members  and  spaced  a  less  distance  apart  than  the 
epth  of  the  beam.  The  reason  for  thb  b  that  the  magnitude  and  in- 
f  the  diagonal  tension  increases  from  the  middle  toward  the  end  of  the 
^  mdined  45*  where  the  horizontal  tension  becomes  zero. 

Jin  Bar.    In  the  Kahn  Trussed  Bar  (Fig.  11)  the  attachment  of  the 
the  tension-member  is  positively  secured.    The  bars  are  square  oi 
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in  cross-section  with  webs  rolled  on  them  at  two  diagonally  opposite 
t  stirrups  are  formed  by  shearing  these  webs  through  a  part  of  their 
turning  up  parts,  as  shown  in  the  cut.  These  stirrups  may  be  placed 
Q  up  in  pairs  or  so  as  to  alternate  on  opposite  sides  of  the  bar,  making 
of  the  stirrups  closer  than  when  turned  up  in  pairs.  Another  advan- 
ital  to  the  use  of  this  bar  is  that  the  greater  effective  cross-section  in 
at  the  middle,  the  point  of  greatest  bending  moment  with  the  usual 
wo  disadvantages,  however,  are  the  separation  of  the  concrete  by 
xive  and  below  the  bar,  and  the  limitation  as  to  the  effective  stirnip- 
>ep  beams.  Thb  bar  is  controlled  by  the  Truscon  Steel  Company, 
1,  Ohio. 
1  Trussed  Bar  can  be  obtained  in  the  sizes  shown  in  table  on  page 

ComiiraSBion.  The  steel  reinforcement  in  reinforced  concrete  is 
ain  cases  to  assist  in  developing  compressive  strength  when  the 
tot  sufficient  for  the  purpose,  as  in  the  case  of  beams  and  girders  with 


ReiofoTced-CotKiMe  ConfitnictioD 


Si«. 

Weight  perlmeufoat, 

rb 

Am. 
■qiD 

ia 

il'.l 

I'i    ■ 

36 

rods  plBccd  above  the  neatra]  axis,  and  columns  with  rods  placed  verti 
The  use  of  the  steel  leinforcenient  in  resisting  coufrission  wilt  be  tnaliid 
at  length  in  Subdivinon  3  of  this  chapter,  in  the  paragraph  Compnsaam 
in  Beams  and  Girders,  page  <iji.  On  account  of  the  uncertainty,  bowel 
the  Weel  and  concrete  each  receiving  its  proportionate  share  of  the  kail,  d 
of  steel  in  compie^on  should  be  avoided  as  much  as  po»&ible. 

Tbe  PoiitioD  of  the  Reinforceneat.  The  impaiUnce  of  the  exact 
TION  or  THE  nsiNFOiCEiiENx  in  the  concrete  will  become  mote  ^ipueM  1 
discuaaon  of  the  design  of  beams.  A  EJight  diqtlacement  of  the  itBel  vi 
teriatly  ailect  the  strength.  If  the  steel  shifts  upward  the  beam  ii  wcakq 
it  shifts  downward  the  protection  of  the  steel  against  rust  or  &re  it  reducvl 
the  so-called  VNTT  SVSTEMS  the  reinforcements,  including  the  tesson-niil 
stirrupe,  are  so  tied  and  framed  toptfaei  that  after  beuig  pbced  in  tWj 
the  possibility  of  shifting  their  position*  with  respect  to  the  other  ovM 
the  beam  or  to  one  aoolher  is  practically  entirely  removed. 

Tli«  Quit  Syitem.  The  particular  advantages  in  tbe  use  of  a  citn  a 
of  lefnforcement  is,  as  already  indicated,  the  assurance  (hat  each  md  cvoj 


Fig.  13.    Tbe  Unit  Syilem 

of  tbe  rdnforcement  is  in  its  exact  relative  portion,  and  m 

during  the  placing  of  the  coooete.     The  1  '   ' 

is  as  carefully  laid  out  as  the  location  of  cover-plates,  stiHeners.ce 

and  rivets  in  a  built-up  steel  girder.     It  can  consequently  be  tborou^ 

spected  and  checked  before  being  placed  in  position.    Being  marked,  its 

location  is  easily  determined  by  the  foreman  on  the  job,  fiom  (he  cm 

plan.    After  it  is  put  in  place  a  quick  inspection  will  show  at  once  whetlai 

correctly  placed  or  not,  as  it  must  Gl  and  extend  the  full  length  of  thai 

Being  fabricated  off  the  job  there  is  less  interference  between  woiknKD. 
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on  on  proceed  while  the  rnoUs  are  b^ig^  madew  and  consequently 
peed  in  erection  is  possible.  The  frames  are  readily  transported  and 
;  to  get  mixed  than  loose  rods  sent  to  the  job. 

nit  System  (Fig.  12)  is  the  pioneer  of  this  type  of  construction  and 
ictured  by  the  American  System  of  Reinforcing,  Chicago,  111.  Its  par- 
atures  are  the  bending  up  of  some  of  the  longitudinal  reinforcements 
nipports  and  the  use  of  round  U-shaped  stirrups,  wound  around  the  bars 
and  allowed  to  shrink  into  place. 

ammings  System  (Fig.  13)  is  manufactured  by  the  Electric  Welding 
',  Pittsburgh,  Pa.    The  particular  feature  of  this  system  is  the  forming 


Am  fomkhed  aad  shipped 
Fig.  13.    The  Cunuaingt  SyaUm 


layer  cf  small  rods  into  rectangular  frames  which,  after  being  fastened 
T  layer  at  suitable  points,  permit  the  bending  up  of  the  ends  to  act  as 
bew  or  stiTrops,  thns  utilizing  for  shear  the  steel  that  is  not  required 
I  moments. 

tea  Trass.  The  Luten  Truss  (Fig.  14)  consists  of  longitudinal  rods 
late  members  bent  diagonally  upwards  across  the  beam  and  con« 


Fig.  14.    The  Luten  Truss 

ig  the  upper  surface  to  the  end  of  the  beam.  Diagoi^  members 
'  through  all  the  region  of  diagonal  tension  in  both  ends  of  the  beam, 
s  provided  with  a  damp  and  wedge  that  locks  the  members  together, 
ed  by  the  National  Concrete  Company,  IndianapoUs,  Ind. 

-B«r  Unit  The  Corr-Bar  Unit,  Fig.  16,  made  by  the  Corrugated 
y.  Inc.,  Buffalo*  N.  Y.,  is  provided  with  a  continuous  sthmip  of  both 


Fig.  15.    The  Corr-bar  Unit 


ncHned  web-members  with  a  rigid  anchorage  at  both  top  and  bot- 
r  by  Professor  Talbot  on  this  type  of  reiaforced  beam,  considerably 
than  ordinary  were  obtained  in  vertical  shear. 
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S.  Design  of  Reinforce4-Co&crete  ConstnictioB 

Girders,  Beams*  and  Slabs.  Different  formulas  for  the  design  of  reinic 
concrete  girders,  beams,  slabs,  etc.,  based  on  various  theoretical  considcrai 
have  been  devised  by  different  investigators.  The  formulas  here  given  have 
vridely  accepted  and  are  offered  because  they  are  simple  in  form  and  give  sat 
tory  results.  If  anything,  they  err  on  the  side  of  safety;  and  furthermore, 
have  been  found  to  give  results  closely  in  accord  with  actual  tests.  They  are 
by  the  New  York  City  Building  Bureau,  and  are  accepted  by  other  authoriti 

Assumptions  in  the  Formulas.  The  formulas  are  based  on  the  folk 
assumptions: 

(i)  The  BOND  between  the  concrete  and  steel  is  sufficient  to  make  thi 
materials  act  together. 

(2)  A  PLANE  CROSS-SECTION  of  s  beam  before  bending  remains  a  plane  sc 
after  bending,  and  the  stress  and  strain*  in  any  fiber  of  either  materia 
directly  proportional  to  the  distance  of  that  fiber  from  the  neutral  axis  ( 
cross-section. 

(3)  The  MODULUS  07  ELASTICITY  of  the  concrete  in  compression  remains 
stant  within  the  assumed  working  stresses. 

(4)  The  TENSIONAL  STRESS  is  taken  entirely  by  the  steel;  that  is,  the  t 
strength  of  the  concrete  is  not  considered. 

Fig.  16  represents  a  longitudinal  section  and  a  cross>secLion  of  a  retnf^ 
^ncrete  beam  in  a  state  of  flexure  or  beading  under  a  load.    The  fibers  1 
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Tig.  16.    Sections  of  Reinforoed-concrete  Beam 


the  NEUTRAL  SURFACE  of  the  beam  or  above  the  neutral  axis  of  the  crm 
tion  are  in  compression  and  according  to  the  assumptions  the  stresses  ip 
direct  proportion  to  their  distances  from  the  neutral  surface  or  axis,  so  tli 
total  area  of  compression  in  the  concrete,  representing  the  total  compu 
stress,  may  be  graphically  indicated  by  the  shaded  triangle.  The  totaj 
signal  stress  may  be  assumed  to  be  concentrated  at  the  center  of  gra\-it3f 
cross-section  of  the  steel  reinforcement.  One  of  the  conditions  of  static 
LIBRIUM  for  the  beam  is  that  the  algebraic  sum  of  all  the  horiscmtal 
the  cross-section  shall  be  zero;  that  is,  that  the  sum  of  all  the 
stresses,  or  the  resultant  compressive  stress  in  the  concrete,  must  equal  tH 
or  resultant  tensional  stress  in  the  steel. 

Formulas  for  Reinforced-Concrete  Beams.    From   these 
based  upon  theoretic  and  experimental  laws,  the  following  fonnnj 
derived,  in  which 

St  -  the  allowable  unit  tension  or  working  stress  in  the  steel  In 
square  inch; 

•  Deformatioa. 
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>  the  allowable  unit  compre$sion  or  wOrkioig  stress  in  the  extreme  fibers 

of  the  concrete  in  pounds  per  square  inch; 
the  ratio  of  the  modulus  of  elasticity  of  the  steel  to  the  modulus  of 

elasticity  of  the  concrete; 
the  effective  depth  of  the  beam,  in  inches;  the  distance  from  center  of 

gravity  of  steel  ceinlorcement  to  extreme  fibers  in  compression; 
the  ratio  of  the  depth  of  the  neutral  axis  from  the  extreme  fibers  in 
compression,  to  the  effective  depth  of  the  beam,  so  that 
the  distance  of  the  neutral  axis,  in  inches,  from  the  extreme  fibers  in 

eompvession; 
he  width  of  the  beam  in  inches; 
the  ratio  of  the  cross-section  of  the  steel  to  the  cross-section  of  the 

beam,  considering  the  beam  all  of  that  part  of  the  concrete  above 

the  center  of  gravity  of  the  steel; 
the  maximum  bending  moment  at  the  dangerous  section  of  the  beam 

in  inch-pounds; 
Jie  moment  of  resistance,  in  inch-poimds,  at  the  dangerous  section  of 

the  beam,  and  must  of  course  be  equal  to  or  potentially  greater  than 

the  maximum  bending  moment;* 

factor  used  for  simplification  of  the  formulas.    This  factor  is  con- 
stant for  any  given  steel  and  concrete; 
ectional  area  of  the  steel  in  square  inches, 
ns  of  rectangular  cross-sectioa 

if  K  being  determined  by  the  formula 

'■ilIFD)('"--FD)     '" 

Ilia  can  be  deduced  from  the  laws  of  fubxuke  of  beams  and  the 
i  noted  above. 

*.  of  this  formula  for  the  value  of  JIl  it  must  be  remembered  that  the 
0  Sc  for  any  given  ratio  of  steel  to  concrete,  ^,  is  a  constant,  so  that 
ig  values  of  St  and  Sc  must  be  used.  This  ratio,  p,  often  spoken  of 
:ntage  op  reinfoscement,  is  the  expression  in  the  fitst  parenthesis 
i  member  of  Formula  (2) 

/>■   t^<  /' — rr  (3) 


m  K-h) 


lent  of  resistance"  or  the  "resisting  moment"  referred  to  any  cross-section 

horizontal  position  and  in  a  state  of  flexure  under  a  load  or  loads  is  the 

if  the  moments  of  the  internal  horizontal  stresses  with  reference  to  a  point 

and  the  "bending  moment"  for  that  section  is  the  algebraic  sum  of  the 

the  external  vertical  forces  on  either  side  of  the  section  with  reference 

oint    (the  forces  on  the  left  side  being  usually   taken).    The  resisting 

ise  with  the  bending  moments  and  in  the  flexure  formula,  M^Sl/c  (see 

id  X).  they  are  made  equal  to  each  other,  M  being  the  bending  moment 

resisting    moment.    In  the  following  formulas,  M  and  the  expression 

;nt "  generally,  denote  the  maximum  bending  moment.    If  max  is  often 

the  latter. 
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Values  lor  K  and  x  for  oonespondiDg  vahies  of  p,  for  diffemt  oooditi 
^ed  by  the  buildini;  authorities  of  diffemt  cities^  are  given  in  Tables  V* 
VU  and  VIH. 
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Tabto  VI.    VahMt  U 
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8010 

134.0 

11 

8010 
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IMto  Vm    TMm*  for  PorMVfaui  f«r  Rvinforced  Concrtte 

r  -  IS 


p 

X 

K 

■5e 

S^ 

K 

s. 

5, 

K 

s. 

5, 

0.0050 

0.320 

( 

•  ■  »  • 

•    •    • 

7x6 

500 

X600C 

o.ooss 

0.332 

•    ■    ■ 

1 

•  •  •  ■ 

•    •   • 

78.3 

530 

•  4 

0.0060 

0.344 

•    ■    • 

[ 

■  »  •  • 

•  ■  • 

85.1 

558 

•  • 

0.0065 

0  3SS 

■    •   • 

80.2 

513 

14000 

91.6 

586 

•  • 

0.0070 

0  36s 

•    •    • 

86.x 

S37 

t« 

98.3 

6T4 

•« 

0.0075 

0.37s 

•    •    • 

92.0 

560 

44 

105. 1 

640 

(4 

o.ooSo 

0.384 

83.6 

500 

12000 

97.6 

58^ 

«• 

108.9 

650 

IS  60 

0.0085 

0.393 

88.6 

519 

•  4 

103  3 

606 

44 

tll.O 

*• 

ISO* 

0  0090 

0.40a 

93. 5 

537 

14 

X09.0 

627 

41 

1   1X3.2 

«« 

145a 

0.0095 

0.410 

98.4 

556 

14 

114. 8 

648 

44 

xxs.i 

•• 

14  021 

O.OIOO 

0.418 

103.3 

573 

44 

X17.1 

650 

X36OO 

1  1X7.1 

*« 

136a 

0.0105 

0.425 

108.2 

593 

14 

118. 6 

13  ISO 

X18.6 

•1 

1315 

O.OIIO 

0.433 

113. 1 

61X 

•  4 

120.  S 

12  760 

120.5 

(• 

M7« 

0.01x5 

0.440 

117.9 

627 

•  4 

122. 0 

12420 

122.0 

«• 

T2  4Ji 

o.oiao 

0.446 

122.7 

647 

44 

123.4 

9 

12  080 

123-4 

•i 

tsoft 

0.0X35 

0.4S3 

125  0 

650 

1X780 

125.0 

XX  780 

125. 0 

»• 

11  7« 

O.OfJO 

0.459 

126.8 

•• 

IX  480 

X26.8 

II  480 

X26.8 

tt 

TI4a 

0.0I3S 

0.46s 

127.7 

<< 

XX  200 

127.7 

IX  200 

127.7 

t« 

n  M 

0.0140 

0.471 

128.9 

41 

10920     1 

xa6.9 

10920 

128.9 

•• 

109a 

0OX4S 

0.477 

130.4 

<l 

10690     1 

130.4 

10690 

130.4 

•  « 

1069 

0.0x50 

0.483 

131  7 

•  « 

1046s      I 

131.7 

«• 

10465 

131.7 

•• 

10  4< 

0  0IS5 

0.488 

1330 

«« 

10240     j 

133.0 

10240 

133.0 

«• 

1024 

0.0160 

0.493 

133.9 

14 

10  010 

133.9 

10  010 

133.9 

•  i 

10  01 

0  0165 

0.498 

135  2 

44 

9810 

135.2 

9610 

135  2 

•  • 

981 

0  0x70 

0.503 

136  0 

44 

9620 

136.0 

9620 

136.0 

•• 

96J 

0  0175 

0.508 

137  2 

•  « 

9  435 

137  2 

9435 

137.2 

•• 

943 

0.0180 

0.513 

138.2 

44 

9260 

138  2 

9260 

i    I3B.2 

'• 

92I 

0  0185 

0.518 

139  4 

44 

9x00 

1394 

9100 

1   1394 

•• 

9« 

0.0x90 

0.522 

1403 

44 

8940 

140.3 

8940 

140.3 

•  • 

1     89< 

0.0195 

0.527 

141. 1 

44 

8790  t 

141. 1 

8790 

141.  X 

«• 

871 

O.OJOO 

0.531 

1 

142.0 

44 

8630  1 

1 

142.0 

8630 

1 

i4a.o 

•  • 

81^ 

1 
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TkMt  vm.   VaIom  for  Formolw  for  Reinfotced  Cwxmtb 

r-is 


5. 

•Se 

K 

■  ■  • 

63  5 
73.3 

Sa8 

18000 

80.7 

563 

<i 

89.4 

596 

<t 

96.0 

638 

<« 

99  I 

650 

17760 

lOI.g 

«t 

16950 

104.1 

»« 

16250 

106.7 

«t 

15600 

108.9 

t< 

15040 

III.O 

<« 

14  S» 

113.2 

«« 

14000 

115. 1 

i« 

13600 

117. 1 

«f 

13150 

118.6 

•« 

12760 

120.5 

M. 

12490 

122.0 

M 

12  080 

123.4 

•  » 

11  780 

125.0 

i* 

11  480 

126.4 

•  « 

11200 

127. 7 

1* 

10920 

128.9 

«♦ 

10690 

130  4 

•  • 

1046s 

131  7 

•  • 

10240 

133  0 

•  « 

lOOTO 

133  9 

*« 

9810 

135  0 

*» 

9630 

136.0 

4* 

9  435 

137.2 

M 

9260 

138.2 

<• 

9100  t 

139  4 

«* 

8940 

140.1 

•« 

8790 

141. 1 

«• 

8630  1 

1 

142.0 

507 
548 
S87 
626 

650 


s, 


20  000 

•  • 

•t 

<1 

19  610 
i8  6so 
17760 
16050 
16  250 
15600 
15040 
14520 

14  030 
13600 
13  150 
1^760 

12  ^ao 
12080 
II  780 
II  480 
II  200 
10920 
10690 
10465 
10240 

lOOTO 

9810 
9630 
9  4.15 

9360 
9  100 
8940 

8790 
8630 


K 


60.3 

69  9 
79  S 
88.8 

92.9 
96 

99 

01 

04 

06 

08 

II 

X3 

15.1 

17.1 

18.6 

20  5 

22.0 

23.4 

2S  O 
26.4 

27.7 
28 
30 
31 

:a 
33 

35 
36 
37 
38 

39 
40 
41 
42 


512 

557 
604 
646 

650 

«< 

<< 
ii 

•• 

II 
II 
II 
II 
II 
II 
II 
II 
II 
•I 
II 
•I 
II 
II 
II 
•I 
•I 
II 
II 
II 
II 
II 
II 


St 


22000 


Ii 
•I 
•I 


20800 
19  610 
18620 
17  760 
16950 
16350 
15600 
15040 
14520 

14  030 
13600 
13150 
12760 
12420 
12080 
II  780 
II  480 
II  300 
10920 
10690 
1046s 
10240 
10  010 

9810 
9620 

9  435 
9260 
9100 
8940 

8790 
8630 
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Ciiider  Coacrete.  Vahies  ot  K  tor  dndar  concnte  are  given  fn  Tables  0 
and  X,  which  are,  however,  reconunended  to  be  used  only  for  slabs.  Cmdfl 
concrete,  though  an  ezcettent  fireproofing  material,  lacks  strength  and  shoal 
be  used  as  a  structural  material  for  the  ilabs*  on^,  between  tike  beams. 


Table  IX.    Valuet  for  Formolas  for  Reinforeed  Cinder  Concrcto 

f  -as 


p 

X 

K 

s. 

St 

K 

s. 

St 

0.0006 

O.X70 

7.5 

94 

x6ooo 

75 

94 

16000 

o.ooxo 

0.33a 

X4.8 

138 

<i 

14.8 

138 

]6oeo 

o.ooij 

0.376 

ax. 8 

174 

<i 

x8.8 

ISO 

13800 

O.O09O 

0.3IX 

38.7 

306 

II 

30.9 

•t 

IX  ^ 

o.ooas 

0.340 

33.9 

325 

15300 

33.6 

it 

1C300 

0.0090 

0.36s 

36.x 

X3668 

340 

it 

9US 

0.0035 

0.387 

37.9 

12439 

as. 3 

it 

8393 

0.0040 

0.407 

39.6 

11447 

26.4 

it 

7431 

0.004s 

0.42s 

41.0 

X0635 

27. 4 

it 

70«3 

O.OQSO 

0.443 

4a.4 

9945 

38.3 

•i 

66iy> 

O.OQ55 

0.457 

43.6 

9348 

39.x 

it 

6332 

0.0060 

0.471 

44.7 

8831 

29.8 

it 

5888 

0.0065 

0.484 

457 

8377 

3B.4 

it 

5SB5 

0.0070 

0.497 

46.7 

7988 

31.1 

*» 

532s 

0,0075 

0.508 

47.5 

7630 

31.6 

It 

5080 

0.0080 

0.519 

48.3 

7298 

32  a 

it 

4866 

0.0085 

0.529 

49.0 

7001 

32.7 

it 

46« 

0.0090 

0.539 

49.7 

6738 

33  2 

tt 

449a 

o.oofts 

0.548 

50.4 

6489 

33.6- 

ti 

4326 

O.OIOO 

0.557 

5X.0 

6366 

34.0 

ti 

4  17* 

0.0105 

0.565 

51.6 

6054 

34  4 

ti 

409S 

O.OIIO 

0.573 

53- X 

5860 

348 

tt 

3901 

O.0IZ5 

0.58Z 

5^.7 

5684 

35.1 

it 

37S» 

O.0I30 

0.588 

53-2 

Mm 

5513 

•  35  5 

it 

3«7S 

0.0135 

0.59s 

53-7 

535$ 

358 

tt 

3S70 

0.0x30 

0.603 

54.1 

5  310 

36.1 

t< 

3473 

O.0X3S 

0.608 

54.5 

S067 

3S.4 

it 

337t 

0.0x40 

0.6x5 

A5.0 

4942 

3«.7 

it 

3a9S 

0.0I4S 

0.63X 

55.4 

48x8 

36-9 

tt 

3  3U 

0.0150 

0.626 

55. 7 

4695 

37.1 

i« 

3130 

o.oiss 

0.633 

56.1 

4587 

37.4 

•V 

3058 

0.0160 

0.637 

56.4 

4  479 

37.6 

•t 

2986 

0.0x65 

0.643 

56.8 

4384 

37.9 

•  i 

2923 

0.0170 

0.648 

57.2 

4388 

38.1 

«« 

a8s9 

0.0X75 

0.653 

57.4 

4191 

38.3 

tt 

2794 

0.0x80 

0.657 

57.7 

4x06 

38.5 

it 

2738 

0.0185 

0.663 

58.1 

4036 

38.7 

tt 

2684 

0.0190 

0.666 

58.3 

3943 

38.9 

•• 

2€a» 

0.0195 

0.671 

58.6 

3871 

39.1 

1* 

25«1 

0.0200 

0.67s 

58.9 
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39a 

t* 
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Doitcret«  Beams  of  IlMtttiiciitarOroit^SectioB.  Inc 
BEAM  required  for  any  given  case,  r  and  the  limiting ' 
nermfly  ^vcn«  and  X  C8n  bed«feefBntned  (wc  any  Ati<v  J 
The  vahae  ol  if ,  the  maximum  bending  moment*  tlu 
at  the  OANOBKOU9  SECTION  of  the  beam,  is  detenni] 
ioadtnc  tbe  ^Nm  and  the  apadng;  and  the  width  a] 
to  be  £ouBd.    Formula  (i)  may  then  be  put  in  the  0 


A  value  for  b  is  assumed  and  the  equation  solved  for  d.  Ardiitectiiial| 
structural  reasons  will  often  limit  the  width  or  depth  and  several  trials  may  hij 
to  be  made.  r 

Reinf orced-Concrete  Slabs.  For  the  strength  of  slabs  the  same  fainni 
apply.  A  slab  may  be  treated  (z)  as  a  rectangular  beam  of  unusual  wktt 
(2)  as  a  series  of  beams  set  one  alongside  the  other,  the  width  of  each  beam  bcl 
equal  to  the  spacing  of  the  reinfordng-rods,  and  one  rod  being  used  for  e^ 
beam;  or  (3)  as  a  series  of  beams  of  unit. width,  the  area  of  steel  for  each  bei 
being  the  area  of  reinforcement  per  unit  of  width. 

Check-Formulaa.  It  may  sometimes  happen  that  it  is  advisable  to  dici 
a  given  or  existing  beam-construction  as  to  strength  or  compliance  with  s|M| 
fications  for  working  stresses.  In  that  case  the  following  formulas  will  I 
convenient  (see,  also,  page  992) : 

( 

If  the  strength  of  the  beam  for  the  assumed  working  stresses  is  to  be  dett 
mined,  these  values  of  St  and  Se  are  inserted  in  Formulas  (6)  and  (7),  and  d 
least  value  of  M  is  used.  If  the  values  of  M  resulting  from  these  equations  11 
not  equal,  the  full  benefit  of  one  of  the  materials  b  not  being  obtained.  If  tl 
stresses  in  the  steel  or  concrete  due  to  a  given  loading  are  to  be  determined  d 
formulas  are  put  in  the  following  forms: 

M 

St T X  0 


J/- 

-  pStbd*  ( I  - 

-i) 

if- 

ScXbd»  ( 

-t) 

pbd^ 
2M 


-!) 


H) 


These  formulas  apply  to  rectangular  beams  only.  M  in  Formulas  (8)  m 
(9)  is  the  maximum  moment  due  to  the  external  forces,  or  the  maximum  belli 
ing  moment.  The  value  of  x  can  be  determined  from  Tables  V  to  X.  In  Fa 
mula  (8)  it  will  be  noted  that  the  denominator  of  the  fracti(m  is  an  expressic 
for  the  area  of  the  steel  multiplied  by  the  lever-arm  of  the  resisting  mooai 
that  is,  the  distance  from  the  center  of  gravity  of  the  steel  to  the  center  of  coi 
pression  in  the  concrete.  Similarly,  in  Formula  (9),  the  denominator  of  d 
fraction  is  an  expression  for  the  area  of  the  concrete  in  compression  multiplil 
by  the  lever-ann,  x  again  being  determined  by  Fonnula  (4)  and  M  being  tl 
maximum  bending  moment  due  to  the  external  forces.  1 

Reinf orced-Concrete  T  Beams.  Where  beams  or  girders  are  used  in  rel 
forced-concrete  building-construction  there  are  usually  accompanying  fioor-sWj 
If  these  slabs  are  cast  with  the  beams  or  girders  they  add  very  much  to  4 
strength  of  the  latter,  and  when  adequate  bond  and  shearing-resistance  are  pfi 
vided  between  the  slab  and  the  stem  or  beam,  economical  design  requires  tJi 
the  slab  shall  be  considered  in  determining  the  strength  of  the  beam.  The  widl 
of  slab  that  may  be  taken  as  part  of  the  beam  should  not  exceed  one  sixth  tl 
I  span- length  of  the  beam,  and  the  oveihanging  part  on  either  side  of  the  ivc 
or  stem  should  not  exceed  six  times  (he  thickness  of  the  slab.    In  any 
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se  most  not  he  conadtted  wider  thwi  ibe  distanoe  betweefk  the  beams, 
aiy  floor  construction  the  spacing  of  beams,  girders,  and  columns  is  gen- 
i  architectural  or  commercial  consideration.  Generally,  the  simplest  pro- 
therefore.  is  to  first  determine  the  thickness  of  slab  required  for  the  given 
of  beams,  and  this  determines  the  thickness  of  the  flange  of  the  T  beam, 
alculation  of  the  girder,  it  is  not  objectionable  to  use  the  same  slab,  op 
of  it  as  may  be  permissible,  that  has  been  used  in  the  consideration  ot 
1  framing  into  that  girder,  as  the  compression-stresses,  in  the  two  cases, 
;ht-angles  to,  and  practically  assist,  one  another.  When,  however,  the 
!  slab-reinforcement  is  parallel  to  the  girder,  in  the  case  of  a  combined 
m.  and  girder-construction,  the  slab-action  produces  compression  in  the 
ection  as  the  girder-compression  with  a  resulting  overstress  in  the  con- 
n  this  case,  transverse  reinforcement  should  be  provided  at  right-angle» 
rder  and  extending  well  into  the  slab. 

lias  for  Reinforced-Concrete  T  Beams.    Fig.  17  shows  a  cpoosdcc- 
T  beam  resulting  from  the  use  of  the  slab  as  part  of  the  beam,  and 

-t 1;. ^ 


Keotral  Axil 


xi 


Ttg.  17.    Cross-section  of  Reinforced-concrete  T  Beam 

triy,  also,  the  notation  used  in  the  formulas.    In  a  construction  of  this 
i  cases  may  be  considexed: 

The  neutral  axis  may  fall  bebw  tbe  flange,  in  which  case 


J/-5|ilj 


i'-i) 


(lo) 


(II) 


formulas  the  small  area  of  concrete  in  compression  below  the  flange 

d  and  the  center  of  compression  is  assumed  to  be  at  the  center  of 

This  is  done  to  simplify  the  formulas.    The  result  is  not  materially 

id  errs  on  the  side  of  safety.   The  position  of  the  neutral  axis  is  given 

a  (12) 

2rdA9  +  Vt^ 

)st  economical  {)ercentage  of  steel  by  Formula  (13) 


7SM 


(13) 
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Cam  a.  Hie  neutral  axis  may  coincide  with  the  under  side  of  the  flaaee^  ii 
which  case 

M^StAtU-^A  (X4 

and 

The  economical  value  o£  ^  in  this  case  is  the  same  as  in  Case  i,  Formula  (13) 

Case  3.  The  neutral  axis  may  fall  above  the  lower  edge  of  the  flange.  Thi 
case  is  the  same  aa  Case  2,  since  for  purposes  of  calculation  all  the  concrete  in  tb 
flange  below  the  neutral  axis  is  neglected  and  i  becomes  xd  in  this  case  aa  in  tbt 
last. 

Altenwtft  Selutimi  for  Casaa  a  aad  3.  In  Cases  2  and  3  the  section  maj 
also  be  considered  as  rectangular,  with  a  depth  d  and  a  width  h',  and  the  for 
mulas  for  rectangular  beams,  (x)  to  (9),  may  be  used.  Tables  V,  VI,  VII,  anc 
VIII  are  also  applicable  in  these  two  cases. 

When  the  slab  is  considered  an  integral  part  of  the  beam,  adequate  bow 
and  shearing  lesistanoe  between  the-slab  and  the  webof  the  beam  must  be  pro 
vided.  The  concrete  is  ordinarily  adequate  to  take  the  vertical  shear  tfarou^ 
the  flanges  next  to  the  etemi  and  is  further  strengthened  by  p''»^^"g  honBonta 
steel  reinforcements  across  the  top  of  the  beam  or  girder,  aa  described  above 
Whether  or  not  the  resistance  to  shear  is  adequate  can  be  determined  by  tb 
formula 

-     Snb{V-b) 

^'-     ^m  <-« 

in  which  5«  is  the  unit  vertical  shear  at  AB,  and  Sh  is  the  unit  horizontal  shea 
at  BC  (Fig.  17).  This  should  not  exceed  the  safe  unit  shear  for  concrete  unia 
steel  reinforcement  is  provided.    The  value  of  Sh  in  the  formula  is 


which,  it  wiH  be  noted,  is  the  total  i^cftical  shear  divided  by  the  effective  am 

of  the  stem. 

Moduli  of  Elasticity.  In  the  derivation  of  all  these  formuUu  and  In  tb 
determination  of  the  values  of  /T,  the  ratio  of  the  modulus  of  elasticitt  o 
the  steel  to  that  of  the  concrete  plays  an  important  part.  It  is  necessary  the 
to  know  what  values  to  u.se.  The  generally  accepted  modulus  of  elasticity  o 
steel  is  30  000  000  lb  per  sq  in.  The  modulus  of  ehistidty  of  concrete  varie 
with  many  conditions.  Even  in  the  same  mixture,  the  character  of  the  material 
as  well  as  the  manner  of  mixing  and  pladng,  affect  it.  The  moduhis  increase 
with  the  age  of  the  concrete.  It  also  increases  with  the  richness  of  tfaemii 
ture.  It  seems  to  decrease  with  an  increase  in  the  load  on  the  concrete.  I 
should  also  be  noted  that  the  modulus  of  elastidty  as  determined  from  a  ben 
in  flexure  is  greater  than  that  determined  from  compression-cyfindera.  Mom 
*over  the  modulus  of  elastidty  as  defermined  from  compression  varies  with  ^ 
point  selected  on  the  stress-strain  curve.  The  different  values  for  the  ratio  a 
TH£  MODULUS  OF  BLASTiaTY  o£  the  fteel  to  the  modulus  of  ebstidty  of  the  ooa 
Crete  to  be  used  in  the  design  of  reinforced-concrete  constraction,  as  fixed  by  dl 
building  regulations  of  various  dries  and  by  other  authorities,  is  given  in  Tahl 
IX,  page  912.    Values  for  the  modulus  of  elastidty  of  concrete  under 
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9»  different  nuxtures  determiMd  by  attiiat  tests  at  the  Watertow 
t  given  in  Table  XI. 


:   Blaitk  Rpppertet  eT  Bfohea-8te—  Cmicrtte  Tveif«»lBch  Cubes 

Modidua  ef  ckatachy  in 

poBttan         1 

poofids  per  square  inch 

Age 

between  loads  of 

Test 

100  and 

000  and 

X  oooand 

•  made  by 

end 

Broken 

600 

XOOQ 

2000 

stoae 

lb  per 

lb  per 

lb  per 

sq  in 

sq  In 

sq  in 

a 

4 

7  days 

2593000 

2054000 

I3S1000 

•Geo. 

A.  KimbaU. 

a 

4 

I  mo 

2662000 

3445  000 

I  462  000 

it 

a 

4 

3  mos 

3671  000 

3  170000 

2  15800c 

u 

2 

4 

6moa 

3646000 

3567000 

2582000 

it 

3 

6 

7  days 

I  869000 

I  S30  000 



M 

3 

6 

xmo 

2438000 

2135000 

12x9000 

«4 

3 

6 

3tn<M 

2996000 

a«56eeo 

1805000 

«• 

3 

6 

6iQoa 

3608000 

3903  900 

iMBeoo 

«l 

6 

u 

zxno 

1376000 

•  i 

6 

la 

3  mos 

I  642000 

I  364000 

fl 

6 

12 

6  mos 

I  820  006 

1522000 

f« 

«•                   M 

*  Tests  of  metals,  U.  S.  A.,  1899,  page  741* 

g  Stresses.  The  wouzng  stresses  for  concrete  and  steel  allowc 
cities  are  given  in  Table  11  on  page  9xa.    In  the  determination 

es  of  Se,  Si,  and  r  as  taken  from  Table  II  are  substituted  in  Formu 
value  of  K  may  be  taken  directly  from  Tables  V  to  VIII,  pages  9: 
substituted  in  Formula  (5).    For  M  in  that  formula,  the  maximi 

OMENT  due  to  the  external  forces  is  used. 

;  lioflMDts  in  BassBS*    Beaixtt  and  giiden  are  usually  consider 
BEAMS,  that  isk  as  beams  supported  at  both  ends,  but  not  built  J 


\ 


^i 


for  UBtfomily  Bistxibated  or  Symmetrically  Placed  Load 


9.    Rcinloitemcot  for  UasynuncMictlly  Placed  Cooctatratiyl  Losd 

r  condniioss,  althoui^  in  znany  instances  they  are  actually  carrit 
»us  BEAMS,  over  the  supports.     If  continued  over  a  support,  thi 
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is  a  NEGAIXVE  BENDING  MOMENT  at  tJiat  suppoit,  and  this  negative  binding  n 
mcnt  should  be  taken  care  of  by  reinforcements  in  the  upper  part  of  the  bca 
This  bending  moment  is  one  half  that  at  the  middle  of  a  simple  supported  be 
loaded  at  the  middle^  and  two  thirds  that  at  the  laiddle  «f  a  simple  sapfxiti 
beam*  tmiformly  loaded.  In  the  case  of  simple  supported  beams  Ifwdcd  dtJ 
at  the  middle  or  with  a  uniformly  distributed  load,  the  bending  moments  < 
crease  toward  the  supports.  For  these  reasons  it  is  advisable  in  aarrajigif^  \ 
steel  to  be  used  for  the  tensional  reinforcement,  to  select  the  bars  or  nxb 
pairs,  so  that,  as  the  supports  are  approached,  a  part  of  the  reinforceinopt  n 
be  turned  up  toward  the  top  and  carried  across  the  supports  near  the  top  as 
dicated  in  Figs.  18  and  19.  For  continuous  beams  and  slabs  with  unifoRi 
distributed  loads,  the  following  are  recommended  for  maximtm  postttve  a 

MAXIMUM  NEGATIVE  BENDING  MOMENTS: 

''For  beams,  the  bending  moment  at  middle  and  at  support  for  inter 
spans,  should  be  taken  equal  to  tv/'/i2,  and  for  end  spans  it  should  be  tab 
equal  to  ic/'/io  for  middle  and  interior  support,  for  both  dead  and  five  load& 

"  In  the  case  of  beams  and  slabs  continuous  for  two  spans  only,  with  their  a 
restrained,  the  bending  moment  both  at  the  middle  support  and  over  the  mid 
of  the  span  should  be  taken  equal  to  wl^ /lo."* 

Beams  simply  supported  at  the  ends  must  be  considered  as  sncpLs  hea 
with  maximum  positive  bending  moments  equal  to  wiy&.  In  all  rly  afag 
values,  w  is  the  load  per  linear  unit  and  /  the  span  in  the  same  unit. 

Bending  Moments  in  Slabi.  As  floor-slabs  are  usually  carried  continixKi 
across  the  supports,  the  maximum  bending  moment  due  to  a  uniformly  distii 
uted  load  is  assumed  to  be  less  than  in  beams  simply  suj^^wrted  at  the  en 
The  New  York  City  Regulations  provide  that  "the  bending  moments  at  I 
center  and  at  intermediate  supports  of  floor-slabs  continuous  o\'er  tfro  or  nu 
supports  shall  be  taken  as  W7/i 2."  The  same  regulations  provide  that  **  the  bei 
ing  moments  of  slabs  that  are  reinforced  in  both  directions  and  supported 
four  sides  and  fully  reinforced  over  the  supports  (the  rdnforcement  passing  h 
the  adjoining  slabs)  may  be  taken  as  Wf/F  for  loads  in  each  direction,  in  wU 
F-8  when  the  slab  is  not  continuous  or  when  continuous  over  one  suppo 
and  F  «X2  at  both  center  and  supports  when  the  slab  is  continuous  o<v«r  ba 
supports."  In  these  expressions  W  is  the  total  distributed  load  and  /  the  spi 
In  square  slabs  with' two-way  reinforcement  it  is  usually  assumed  that  the  lot 
ing  is  uniformly  distributed  and  that  half  the  load  is  carried  by  each  system. 
rectangular  slabs  the  amount  of  load  earned  by  each  system  of  neiaf  orcetneat 
given  by  the  formula 

1  W 

in  which  r  is  the  proportion  of  load  carried  by  the  transverse  ranforccmci 
W  the  total  load  on  the  slab,  and  n  the  ratio  of  its  longer  to  its  shorter  sc 
Using  this  proportion  of  load,  each  set  of  reinforcements  is  calculated  as  a  si 
with  supports  on  two  sides  only,  and  the  total  number  of  rods  required  b  <j 
termined  on  the  assumption  of  equal  spadng.  The  rods  may  then  be  spao 
uniformly  at  the. usual  spacing  for  the  central  half  of  the  slab  and  gnaduaDy  1 
duced  in  number  per  foot  of  width  to  the  edge  of  the  slab,  using  one  half 
many  tods  for  the  remaining  two  quarters.  In  this  way,  the  amount  of  retnforc 
ment  is  reduced  25%.  When  the  length  of  the  slab  exceeds  the  breadth  by  50* 
the  stittses  in  the  longitudinal  steel  becoBEie  so  low  that  the 

*  Ttaas.  Am.  Soe.  C.  £.,  19x7,  pa^e  isn* 
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lomicaL  The  slab  should  then  be  treated  as  one  with  a  one-way  reinforce- 

ge^StreMet  and  Temperature-Stresses.    In  slabs  resting  on  or 
over  two  supports  some  reinforcement  should  be  provided  at  right- 
to  the  tension-rods  to  provide  against  shkinkage-stresses  and  tem- 
TURE-STKESSES.    Incidentally^  this  reinforcement  may  also  serve  to  keep 
tension-rods  properly  spaced.    In  general  it  should  not  be  less  than  one 
of  one  per  cent  in  amount  and  well  distributed.    It  is  common  practice 
from  K  to  ^in  rods,  spaced  about  a  ft  apart.    Deformed  bars  with  irregu- 
surfaces  and  reinforcements  of  small  diameters,  placed  as  dose  as  practi- 
ce to  the  surface,  are  most  effective. 

The  Disposition  of  the  Steel.    In  designing  the  reinforcement  for  any 

an  of  loading,  the  full  sectional  area  required  must  be  provided  at  the  point 

XAXiMnc  BENDING  MOMENT.    As  the  suppoTts  are  approached,  part  of  the 

nforcementf  as  already  indicated,  is  turned  up,  but  care  must  be  taken  to  keep 

so  distributed  that  at  any  point  there  is  still  sufficient  reinforcement  below 

e  neutral  axis  to  furnish  the  necessary  tensional  resistance.   The  arrangement 

leinforoement  for  a  uniformly  distributed  or  symmetrically  disposed  load  is 

own  in  Fig.  18,  and  for  an  unsymmetrically  placed  concentrated  load,  in  Fig.  19. 

t  the  first  instance  the  maximum  bending  moment  is  at  the  middle  of  the 

kxa,  the  reinloroement  is  ssnrnnetrical  about  that  'point,  and  as  much  as  one 

if  the  amount  of  reinforcement  may  be  turned  up.    In  the  second  instance 

II  maximum  bending  moment  is  at  some  other  point  than  the  middle,  the  rein* 

Icnnent  must  be  so  disposed  that  the  full  amount  required  will  be  under  the 

ad  or  at  the  point  of  maximum  bending  moment,  and  the  turning  up  must 

i  done  between  that  point  and  the  support.    Other  conditions  might  require 

ps  than  half  the  reinforcement  to  be  turned  up.    There  is  another  reason  for 

ptting  op  the  reinforcements  toward  the  ends.    In  addition  to  the  resistance 

i  the  MEGAiiVB  BBMDZiiG  MOMENT,  there  is  a  resistance  to  the  shear  offered 

f  the  metal  running  through  the  concrete  at  the  points  where  the  diagonal 


TIm  Piei«Mitag»  of  lUiafowment,  The  amottnt  of  the  bsimforcemenx 
isny  case  is  determined  by  Fonnulas  (3)  and  (13)  for  rectangular  and  T  beams 
^Kctively.  The  values  obtained  by  these  formulas  give  the  most  econom- 
ll  amount.  This  may  vary  from  H%  to  iH%  of  the  cross-section  area  of 
kicfete,  but  will  usually  run  about  ?'io%'  The  nearest  stock  tUc  of  rods 
ring  this  amount  or  a  slightly  greater  amount  can  be  selected  from  the  table 
i«n  on  psge  i5i4f  or  from  the  catalogues  of  the  manufacturers  of  the  various 
ionned  bars.*  The  number  op  rods  used  to  make  up  the  necessary 
akmal  area  must  be  determined  by  considerations  mentioned  in  the  follow- 
Iparagnphs. 

The  Hnmber  of  Reinforclng-Rods.  As  already  suggested,  an  even  number 
l^its  itself  better  to  a  symmetrical  or  balanced  arrangement  both  in  cross-scc- 
a  and  horizontal  section.  One  rod  does  not  permit  of  the  turning  up  toward  the' 
pport.  Twt>  rods  may  be  made  either  to  continue  along  the  lower  edge  of  the 
fem,  or  one  may  start  at  one  support,  run  alongthe  lower  part  and  turn  upbe- 
md  the  middle  as  it  approaches  the  second  support;  and  the  second  rod  run 
nSariy  along  the  bottom  from  the  second  suiH>ort  and  turn  up  after  passing  the 
Udle  as  it  approaches  the  iirst  support.  Three  rods  may  be  arranged  so  that 
K>  oontmue  along  the  bottom  and  the  third,  the  middle  one,  turns  up  as  it  ap- 
Kiaches  the  supports.    The  arrangement  for  4,  $»  or  6  rods  will  naturally  suggest 

*  See,  abo»  pacsgraph  on  CoauDerdal  Siies,  page  9x5. 


itself  from  what  bas  baen  aiready  said.  Too  htg/t  a  number  of  cods  is  noli 
sirable,  as  a  large  number  of  them  together  acts  more  or  less  as  a  screen  for 
coarser  particles  of  the  concrete  and  prevents  a  dose  contact  between  U  aondi 
steel.  This  matter  of  complicated  reinforcement  is  one  of  considerable  pnd 
importance.  If,  however,  the  steel  is  satisfactorily  incased  with  oonctdi 
larger  number  of  small  rods  is  preferable  to  a  small  number  of  largor « 
The  AREA  OF  CONTACT  of  a  rod  of  smaller  size  is  proportionately  greater  i 
that  of  a  rod  of  larger  size,  as  the  perimeter  varies  directly  as  the  diameter,  i 
the  sectional  area  as  the  square  of  diameter  of  the  cross-sectioa.  In  order  ^ 
a  rod  may  not  slip,  the  adhesion  of  the  steel  to  the  concrete  must  be  cqua 
or  greater  than  the  tension  in  the  steel. 

The  Adhesion  Required.  The  tension  in  a  reinforcing-rod  at  any  pf 
having  been  determined  from  the  given  formulas,  it  must  next  be  determi 
if,  in  either  direction  from  that  point,  the  area  of  contact  of  the  ste« 
large  enough  tc  make  the  total  adhesion  equal  to  or  greater  than  the  tzms^ 
If  there  is  a  deficiency  in  this  respect  it  must  be  made  up  either  by  a  meclM 
cal  bond  or  by  anchoring  the  reinforcements  at  the  ends.  Safe  values  j 
ADHESION  of  concrete  and  steel  are  given  in  Table  II,  page  91a.  A  sale  1 
to  apply,  without  calculation,  to  the  case  of  beams  with  a  maximum  bend 
moment  at  the  middle,  is  to  make  the  diameter  of  the  rods  not  more  than  < 
two-hundredth  of  the  span.  Under  ocdixuuy  conditions,  general^  apeekinfc  { 
length  of  rod  on  either  tide  of  the  point  of  maximum  bending  moment  ifaookl 
at  least  eighty  diameters  for  plain  rods,  and  not  less  than  fifty  diamecen 
deformed  bars.  Under  unusual  conditions  the  adhesion  should  be  caicfi 
studied.  The  apparent  discrepancy  between  the  first  and  second  sU-tcmeaq 
this  paragraph  is  explained  by  an  allowance  made  and  based  upon  the  fad  IJ 
the  tension  in  the  steel  does  not  decrease  uniformly  with  the  decrease  in  i 
tance  from  the  supports.  The. allowance  is  purely  arbitraiy  but  is  oonaide 
safe.  For  cases  of  unsymmetrically  loaded  beams  it  is  best  to  ersminf  d 
fully  into  the  conditions. 

The  Separation  of  the  Rods.  It  has  not  been  unusual  in  tests  on  bcri 
to  have  the  concrete  split  ofiF  from  the  under  aide  along  the  line  of  thcreinM 
ment.  This  is  due  in  part,  if  not  entirely,  to  an  insufficiency  of  concrete  bet« 
and  around  the  reinforcement.  To  avoid  this  the  spacing  or  separaikM 
the  reinfordng-rods  in  the  cross-sections  of  the  beams  must  be  such  that  I 
resistance  of  the  ooncrete  to  sheas  at  the  level  ol  the  rods  is  at  least  eqwl 
the  ADHESION  of  the  concrete  to  the  steel.  As  a  gencntl  rufe  the  lods  shooli 
qMced  not  less  than  two*and-<Hie>half  diameters  on  centers  and  about  two 
ameters  from  the  sides  of  beams.  The  dear  distance  between  rods  and  the  ap 
between  rods  and  edges  of  beams  should  in  no  case  be  kts  than  i)^  in.  I 
formed  bars,  if  stressed  to  thdr  full  tensional  value,  should  be  wpacBd  laitl 
apart  than  plain  bars.  At  the  middle  of  a  beam,  the  bond-stress  is  low,  but 
the  top  of  a  continuous  beam,  over  the  supports,  where  the  negative  moment* 
creases  rapidly,  the  bond-stress  is  apt  to  be  excessive  and  frequently  limits  ] 
diameter  of  the  reinforcement. 

ProTitions  against  Shear  or  Diagonal  TenaicMU  Numerous  tests  of  bei 
reinforced  with  horizontal  rods  without  stirmps  or  inclined  reinloroenicnt  h 
shown  that  diagonal  cracks  occur  when  the  maximum  shear  over  the  a^ 
section  is  from  xoo  to  200  lb  per  sq  in.  Tests  conducted  on  concrete  with  I 
purpose  of  eliminating  all  other  stresses  but  direct  shear  have  given  a  sbeam 
STRSNGTa  of  concrete  of  from  800  to  x  600  lb  per  sq  in.  The  ordinaiy  cones 
beam  has,  therefore,  a  cross-section  of  sufficient  area  to  w^ithstand  a  sheakO 
STBESS  of  200  lb  per  sq  in.    The  cradcs  always  occur  at  points  where  a  Ifl 


c^STSESS  exists  in  combination  with  uoiienT'Stresses. 
i  loads,  DiAGONAi^TENSioM  failuK  occurs  under  the   coi 
I  simple  beam  under  a  uniformly  distnbuted  load,  the  cri 
supports.   The  inclinatioD  of  the  diagonal  tension  in  the  coi 
Qt  of  two  forces,  changes,  therefore,  with  the  variations  of 

uns  with  horizontal  rods  only,  that  is,  beams  in  which  the  wi 
ed  by  the  concrete,  the  safe  sbcaking  values  to  be  used  ur 
regulations  are  given  in  Table  II,  page  913.  The  sheasin 
is  determined  by  dividing  the  total  vzsncAX.  sbxax  by  tb 
ive  depth,  that  is,  the  distanoe  from  the  center  of  comprc 
the  steel,  by  the  width  of  the  beam.  The  VAXiMUif  shbai 
1  this  case;  not  oxceed  a%  of  the  coiiyBBSSivs  snsN 
When  the  resistance  of  the  concrete  to  shear  is  not  suD 
lent  must  be  provided  1^  one  of  the  foUowii!^  methods  o 
if  them: 

attaching  to  or  looping  around  the  horizontal  membens 
ertical  members; 

securely  attaching  inclined  rods  to  the  horizontab  in  sud 
prevent  slipping; 

lending  of  a  part  of  the  longitudinal  reinforcement  at  cei 
us  providing  against  the  diagonal  tension  and  allowing 
aount  of  horizontal  steel  to  remain  to  resist  the  direct  tens 

tomaxy  to  use  the  calculated  vertical  shearing-stress  a 
50NAL  TEiTSiLE  or  WEB-STRESSES.  In  aH  cases,  the  conci 
»  cany  its  safe  load,  and  it  is  ordinarily  assumed  that  t 
iAL  VEKTICAX.  SHEAR  is  resisted  by  the  web-reinforcement. 
with  web-members,  the  total  vertical  external  shear 
ion  should  not  exceed  6%  of  the  oompresbxvs  stssmoih 
e  Biiildiiig  Code  of  New  York  City  specifies  that  the  sbeai 
,  when  aU  the  kaoonal  tension  is  resisted  by  steel,  shal 
sq  in.  For  beams  in  which  part  of  the  longitudinal  reinf 
1  of  bent-up  rods,  the  maximum  vbrtical  shearing-sti 
3%  of  the  coMFREsaiVB  S1XEMCTH  of  the  concrete. 

in  web-remfoicenMBts  may  be  determined  by  tl 


PmVs/t 
4$^  not  bentrup  inn, 

P  -  0.7  Vs/l 

is  the  horizontal  spacing  of  the  web-members,  T  the  t 
Lr»  /  the  elective  depth  from  center  of  compression  to  cc 
tress  in  a  amgle  reinfordng-member.  Fixing  the  allowa 
5  000  lb  per  sq  in,  the  spacing  of  web-members  is  ezpc 
rmnlasy  when  A  is  the  cross^section  of  a  web-member: 

j=  16000  ii//r 

«Bi6ooo  AI/0.7V 

aniii^  the  length  of  hofizontais  necessaiy  to  piwperly 
the  same  method  may  be  employed  as  for  pUtc 
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remainder  of  the  bar  being  carried  up  as  an  inclined  member  and  carried  OM 
the  top  of  the  supports  in  continuous  beams.  The  rods  remaining  at  any  poi] 
at  the  bottom  or  top  mu^t  be  of  sufficient  sectional  area  to  cany  the  direct  tensic 
beyond  this  point.  There  must  also  be  a  sufficient  length  beyond  this  point  I 
prevent  slipping.  Web-members  must  be  so  spaced  that  there  will  be  a  Tetnloro 
ment  intersecting  every  45**  line  of  rupture  below  the  neutral  axis.  The  Ne 
York  City  Code  prescribes  that  the  spacing  of  the  welMnembers  should  n 
exceed  three  fourths  of  the  depth  of  the  beam  in  that  portion  where  the  «d 
stresses  exceed  the  allowable  value  for  shear  in  concrete.  Sufficient  Boeil 
STRENGTH  of  web-reinforcement  should  always  be  provided  in  the  ooupresszoI 
SIDE  of  the  beam.  In  simple  beams,  that  is,  beams  resting  on  two  supports,  d 
ends  of  the  bars  should  preferably  be  bent  into  hooks.  Where  bent  up  throm 
large  angles,  web-members  should  extend  borizontaUy  along  the  upper  part  oi 
beam  for  some  distance. 

Attached  Shear-Members.  Stirrups  need  not  be  firmly  attached  to  the  te 
sional  reinforcement;  but  the  allowable  bond-stxesses  and  shbarikg-stressi 
in  the  concrete  must  not  be  exceeded  in  transmitting  the  stresses  between  stim] 
and  longitudinal  rods.  The  stirrups  and  inclined  members  must  also  devtk 
sufficient  bond-stresses  to  transmit  the  entire  stresses  for  which  they  are  d 
signed,  and  they  must  sometimes  be  supplemented  with  anchorages  in  the  col 
pression-side  of  the  beam.  It  is,  perhaps,  better  to  have  them  attached,  . 
they  will  certainly  assist  in  anchoring  the  tensional  reinforcement.  Differs 
forms  of  stirrups  and  methods  of  attachment  are  used.  In  the  Kahn  syste 
(Fig.  11)  the  stirrups  form  a  part  of  the  tensional  reinforcement.  The  U  fon 
either  upright  or  inverted,  is  a  very  common  form  of  stirrup,  and  may  be  a  n 
of  either  round  or  square  cross-seaion,  or  a  flat  strap  as  shown  in  FigA.  xo  and  1 
The  Hennebique  system  employs  both  inclined  rods  and  vertical  stirrups.  1 
some  cases,  when  the  slabs  and  beams  are  constructed  together,  the  slab-rei 
forcement  is  carried  through  the  upper  ends  of  the  stirrups. 

The  Bond  between  Steel  and  Concrete*  The  bond  between  the  sted 
tension  and  the  concrete  must  not  exceed  the  safe  woxidng  value.  If  the  ba 
is  not  sufficient,  the  rod  will  slip.  Tension-rods  must,  therefore,  never  be  t 
large  to  develop  sufficient  bomd-stremgih  to  txansmit  the  stresses.  Whi 
bent-up  bars  are  employed,  the  bond-6tke98es  in  places*  in  both  the  straig 
and  bent  bars,  will  be  higher  than  if  all  bars  are  straight.  In  cantilever  been 
the  ends  of  the  bars  at  the  supports  are  fully  stressed  and  the  bars  most  1 
carried  into  the  supports  and  anchored  to  develop  this  stress.  In  anchoril 
bars,  an  additional  length  must  always  be  provided  above  that  required,  on  t 
assumption  of  univorm  bond-stresses.  Whoever  possible,  adequate  boa 
strength  should  be  provided  throughout  the  length  of  the  bar  in  preference 
end>anchorage.  Between  plain  bars  and  concrete  the  bond-strength  may  i 
assumed  to  be  4%  of  the  compressive  strength  of  the  concrete. 

The  Breadth  of  a  Reinforced-Coiicreie  Beam  of  Rectangnlar  Cm 

Section.  The  breadth  of  a  rectangular  beam,  and  of  the  stem  of  a  T  tiea 
as  already  indicated,  is  generally  dependent  upon  the  amount  of  ranfotrexm 
necessary,  and  it  is  equal  to  the  sum  of  the  diameters  of  the  tension««ods,  I 
required  spaces  between  them,  and  the  amount  of  concrete  outside  of  the  r 
needed  to  resist  the  shearing-stresses  and  to  protect  the  steel.  When  no  stim 
are  used  in  a  beam  it  is  necessary,  also,  to  make  the  width  of  the  concrete  sa 
dent  to  resist  the  horizontal  shearing-stresses.  This  width  should  be  at  la 
equal  to  the  sum  of  the  perimeters  of  the  tensional  ronforcing-rods.  1 
amount  of  concrete  to  be  provided  below  the  steel  is  fixed  by  the  rcquiiemd 
for  proper  protection  of  the  sted  against  fire  and  oonoaioa.    (Pages  955-9! 
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Coaipr«a«iMt-]liHl«  in  Baams  sad  Girden.  Steel  seuilorcement  in  the 
ma  of  rods  is  sometiiiies  provided  above  the  neutral  axis  in  beams  and 
wders  for  the  purpose  of  providing  additional  cqmpsessive  strength  where 
tat  is  not  sufficient  concrete  above  the  neutral  axis  to  resist  the  total  com- 
Rssion.  If  steel  reinforcement  is  to  be  used  for  this  purpose,  the  steel  should 
t  pbced  as  high  as  possible,  and  the  allowable  unit  compression  in  the  steel 
loited  to  the  actual  compresaon  in  the  concrete  at  that  point  multiplied  by 
K  ratio  of  the  modulus  of  elasticity  of  the  steel  to  that  of  the  concrete,  as  in 
b  case  of  columns  with  vertical  reinforcement.  The  use  of  steel  ik  com- 
KESsiOK  in  beams  and  girders,  however,  is  not  recommended,  since  at  best  it 
ivery  uneconomical  and  the  steel  has  a  tendency  to  buckle  and  disrupt  the 
SDcrete. 

Retafoxvad-Concrete  Colttmiui.  Reinforced-concrete  columns  are  of  three 
tncral  types:  (i)  concrete  with  vertical  REiNFORCEMEirr  near  the  outer 
jVfaces;  (2)  concrete  wrapped  with  spirally-wound  wire  or  with  metal 
uids;  C3)  concrete  with  a  icetal  core. 

I  hmkgjdM  of  ColniBM.  The  lengths  of  reinforced-concrete  columns  are  vari* 
My  limited  by  different  authorities  as  follows,  the  figures  being  in  each  case 
le  RAno  or  iHB  length  to  the  I£ast  lateral  dimension: 

'  New  York 15 

'  Chicago 12 

^  Philadelphia 15 

^  St.  Louis IS 

*  Clo-eland 15 

'  Baltimore 16 

'  San  Francisco 15 

'  Buffalo IS 

'  Detroit iS 

^Ncw  York  Umits,  also*  the  least  side  or  diameter  to  12  in,  and  San  Frandsco 
}  10  in. 

iTertically-Reiiiforced  Coliimns.  In  determining  the  strength  of  columns 
PUi  vertical  reinforce  vent,  the  steel  is  assumed  to  carry  a  load  per  square 
jdi  equal  to  the  working  load  per  square  inch  on  the  concrete  times  the  ratio  of 
|te  moidttli  of  elasticity  of  the  steel  and  concrete.  The  allowable  stresses,  ratio  of 
Ipdnli,  etc.,  are  given  in  Table  II,  page  912.  For  example^  in  New  York  a  load 
1500  lb  per  sq  in  is  allowed  on  the  concrete,  and  15  times  soo,  or  7soo  lb  per 
|fai  OD  the  steel,  15  being  the  ratio  of  the  moduli,  asiixed  by  the  regulations, 
|^z:3:4  coDCiete  and  steel.  Not  lees  than  M%  nor  niore  than  4%  of  vertical 
^oroement  should  be  used  in  reinforced-concrete  colunms.  The  reinforcing- 
Nis  should  be  tied  together  horisontally  at  intervals  of  not  more  than  the  least 
or  diameter  of  the  column.  This  prevents,  to  a  great  extent,  the  buckling 
reinforcement  under  load  and  the  consequent  splitting  of  the  concrete. 
VESTTCAL  reinforcement,  iu  order  to  serve  its  purpose  of  taking  up  the 
in  the  ooiumn,  should  be  placed  as  near  the  outer  surfaces  of  the  oolimin 
le,  consistent  with  proper  protection  of  the  steel.  (See  page  958.)  If 
is  possible  in  the  longitudinal  steel,  due  to  bending,  the  bars  must  be 
to  resist  the  stress.  In  the  disposition  07  the  steel  the  same  pre- 
are  necessaiy  as  in  the  case  of  beams,  in  order  to  avoid  a  too  dose 
of  the  reinfordng-pieces  or  an  excess  of  reinfordng-material.  (See 
937.)  As  the  oODcrete  in  columns  is  generally  poured  into  the  molds  at 
extreme  top^  it  is  particularly  important  to  keep  the  interior  free  from 
ing  steel  across  the  column.    In  columns  in  which  the  ste^  is  dssumed 
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to  furnish  part  of  the  ocntPVBSBtvm  srsliKOTEt,  it  should  be  mfede  oondirai 
from  the  columns  of  one  story  into  those  of  the  stories  below.  The  ro 
extending  from  one  cohimn  mAy  be  connected  with  thoee  above  or  below  1 
means  of  pipe-sleeves. 

Laterally-Reinforced  ColunuuL  Tests  made  on  hoofed  conckete  ooLim 
at  the  University  of  Illinob  in  1907,  at  the  Watertown  Arsenal  in  1906,  and 
the  University  of  Wisconsin  in  1906  and  1907,  show  that  the  ultimate  oompresai 
strength  of  such  columns  is  increased  from  500  to  i  oc»  lb  per  sq  in  for  ea 
percentage  of  hooping  employed.  The  increase  of  strength  is  due  to  the  laiei 
COMPRESSIVE  STRESSES  developed  by  the  restraining  action  of  the  hoops 
bands  at  right-angles  to  the  direct  compressive  stresses.  Below  the  Hrnit 
elasticity^  however,  very  little  stress  is  developed  in  the  lateral  steel,  and  j 
tests  show  that  at  an  early  stage,  the  defonnation  or  shortening  of  the  cold 
is  equal  to  that  of  plain  concrete.  With  further  loading,  the  laterals  begin 
work  and  prevent  failure,  thus  increasing  the  so>ca]led  Toucmress  ol  the  cotoi 
and  the  ultimate  compressive  or  breaking  strength.  TUs  effect  has  been  ' 
riously  allowed  for  by  considering  the  hooptag-metal  eqoivalent  to  and  lefdM 
by  imaginary  kmgitndfnals.  Considftre  and  other  investigator  have  shown  tl 
the  hooping  is  equivalent  to  3.4  times  as  much  longitudinal  steel.  It  is  ged 
ally  conceded  that  hooping  permits  of  a  somewhat  higher  unit  stress  in  the  o 
Crete.  The  New  York  City  Building  Code  permits  an  axial  compression  in  si 
columns,  having  not  less  than  }4%  nor  more  than  2%  of  hoops  or  qiirals 
not  farther  apart  than  one  sixth  the  diameter  of  the  enclosed  column  nor 
than  3  in,  and  having  not  less  than  1%  nor  more  than  4%  of  vertical  rcinioi 
ment,  not  to  exceed  500  lb  per  sq  in  on  the  concrete  within  the  hoops  or  s|M 
nor  7  500  lb  per  sq  in  on  the  vertical  reinforcement,  plus  a  load  per  square  I 
on  the  effective  area  of  the  concrete  equal  to  twice  the  percentage  ol  hti 
reinforcement  multiplied  by  the  permissible  tensile  stress  in  the  lateral  reinioi 
ment.  St.  I..ouis  and  Cleveland  permit  2.4  times  the  volume  of  hoc^ung  to 
considered  as  longitudinal  reinforoemiat;  CbkMff>  d.5  times;  and  nsnrintia^ 
times. 

New  York  Reqniremeats  Expressed  by  Formulas.  The  safe  la 
for  relnforced-concrete  columns  according  to  the  requirements  ol  the  ISi 
York  Building  Code  may  be  determined  by  the  following  formulas,  in  wl 

W*^  total  safe  load,  in  pounds; 
Ac  *  the  effective  cioss-sectional  area  of'  concrete,  in  square  iBdies,  whidM 

the  case  of  columns  with  kmgitucfinal  reinforceoseAt  only,  may 

taken  as  the  entire  area,  and  in  the  case  of  hooped  columns  is  fiid 

to  the  area  within  the  hoops; 
Af^  the  cross-sectional  area  of  the  fengitudinal  steel,  in  square  inches; 
>•*  percentage  of  lateral  reinforcement  (hooping),  that  is,  the  volume  el 

hooping  divided  by  the  volume  of  the  concrete  enclosed  wttMa^ 

hooping,  for  each  nnit  length  of  column; 
Sc^  allowable  compressive  stress  in  the  concrete,  in  pounds  per  squnie  ll 

which  is  taken  at  500  for  i  :  3  14  concrete,  and  at  600  for  f  :  l^ 

concrete;  I 

^«^  allowable  compressive  stress  in  the  steel,  in  pounds  per  square  ll 

which  b  taken  at  7500  when  1^2:4  concrete  is  used,  and  at  i 

when  I  :  iH  :$  concrete  is  used;  i 

Sn^  aflowable  tensile  stress  in  the  hooping  steel,  in  pounds  per  square  i 

which  may  be  taken  at  35%  of  (he  elastic  fimit,  but  not  more  i 
'  JO  000^  •  • 
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loDgittt^aal  rdnforcemeiit  on^i 

WmAeSc-^AsSs 

iteel  must  not  be  less  than  i}{%,  nor  more  than  4%  of  the 
and  the  reinforcement  must  be  secured  against  displacement 
3aced  not  farther  apart  than  15  diameters  of  the  vertical 
13  in.' 

is  the  safe  carrying. capacity  of  a  z2-in  square  column  of 
ibkforoed  in  each  corner  with  ^-in  square  bars? 

rea  of  the  concrete  may  be  taken  at  12X12  "■144  sq  in. 
las  a  sectional  area  of  0.7656  sq  in.  The  area  of  the  steel 
I  sq  in,  a  little  over  2%  reinforcement.  The  allowable 
iad  steel  are  500  and  7500  lb  per  sq  in,  respectively.    Hence 

W  X  500 +306  X  7  500  -  94  950  lb  -  47H  tons 

ns, 

W'-'AeSe-^'AtSs'^^pAcSh 

inforcement  not  kss  than  1%,  nor  more  than  4%,  and 
ti  H%»  nor  more  than  a%,  the  hooping  being  spaced  not 
•ne  sixth  of  the  diameter  of  the  enclosed  column,  and  at 

line  the  maximum  load  that  should  be  placed  on  a  24-in 
^H'3  concrete,  with  spiral  hooping  of  Mc-in  cold-drawn 
pitch,  and  reinforced  longitudinally  with  six  i-in  round 
just  inside  the  hooping,  and  fastened  to  it,  the  concrete 
ide  the  hooping. 

ective  sectional  area  of  the  concrete  has  a  diameter  of 
re  20X20X0.7854  ««3i4.i6  sq  in.  For  an  inch  in  height, 
f  the  concrete  is  314.16  cu  in.  The  area  of  a  i-in  round 
The  area  of  longitudinal  steel  is  6X0.7854-4.71  sq  in, 
TOs»-sectional  area  of  9io>in  wire  is  0.0767  sq  in.  The 
:  wire  is  62.75  in,  and  as  the  turn  is  made  in  a  height  of 
its  for  an  inch  of  height  of  the  colimm  is  H  X  62.75  x  0.0767 
H%.  The  working  stress  per  square  inch  for  the  con- 
)  longitudinal  steel  7  200  lb,  and  for  the  hooping  20  000  lb. 

600)  +  (4-71  X  7  »o)  +  (2  X  0.005  X  3H-i6  X  20  000) 
m  285  240  Ibv  or  142.6  tons 

Reinforcement.  At  the  top  or  base  of  the  columns  in 
ping  should  be  made  to  continue  thfough  the  floor-con- 
tain conditions,  when  the  floor-construction  is  practically 
urns,  thm  affording  good  lateral  wpport,  equal  to  tlie 
better  to  omit  the  wrapping  and  avoid  the  possible  cora- 
orcement  from  oohmm,  girder,  and  floor-construction  and 
ng  of  the  bond  of  the  ooncvete.  The  materials  used  for  the 
teel  wire  or  steel  bands.  When  wire  is  used  it  is  spirally 
s  through  Che  full  length  of  the  cohunn.  The  ends  of  the 
:he  column  and  turned  down  to  such  an.eitent  that  wbeBi 
poured  and  setjr  there  will  be  suffident  aachorage  to  resist 
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the  tendon  in  the  wrapfrinEduetotbeodtmnl  ptraiun  or  the  concrete.  1 
metal  bands  ate  used,  as  in  the  Cumniinfn  syitem.  care  must  be  taken  to  b 
the  ri\-eted  joints  in  the  bands  as  slnmg  as  the  bands  themselves.  A  (on 
wrapping  that  has  the  merits. of  rapidity  and  ease  ot  erei;Iion  is  shown  in 
columns  used  in  the  Bush  Terminal  Warchuuse.  Borough  o[  Brookl>Ti,  1 
YotL  City,  dc&cribed  on  page  958. 


^.  20.    Cgncnie  Colunui  with  Steel  Cm 

Hetal-CoTs  CoIbiiiiu.  The  object  of  this  type  o[  ccdkutui  U  to  p 
construction  for  tall  or  hsavilr  loaded  buitdings  that  will  have  the  D 
stirngth  and  yet  not  encroach  too  seriously  on  the  Boor-space.  For  t 
of  column  some  engineer)  advocale  placing  u  steel  onn  ihiough  the  u 

concrete,  (he  steel  taking  the  bulk  of,  il  not  all  ol.  the  load.*     "Aratia 

of  de^ugn  is  to  determine  the  strength  of  the  steel  column  by  the  use  of  the  a 

lormula  for  the  propter  f/r  of  the  column  and  to  cooiider  the  concrete  of  tk 

•Trau,  Am.  Soc.  C.  E..  Vnl.  XIV,  Part  E,  page  SJ«. 
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»  have  a  stress-vahie  proportional  to  the  strength  of  plain  con- 

Q  H.  Burr  designed  a  column  (Fig.  20)  for  the  McGraw  Building*  New 
.  The  steel  core  has  sufficient  strength  as  a  column,  independent  of 
^,  to  carry  the  entire  dead  load  coming  upon  it,  the  stresses  in  the 
;  in  no  case  greater  than  those  allowed  on  steel  columns  under  the 

Building  Code,  considering  the  ratio  of  length  to  radius  of  gyration. 
►re,  those  stresses  were  not  allowed  to  exceed  9  cxx>  lb  per  sq  in  in  any 
!  live  loads  were  provided  for  by  placing  enough  concrete  within  the 
■work  to  prevent  the  stress  on  the  concrete  from  exceeding  750  lb 

This  is  one  twelfth  of  the  maximum  allowable  load  on  the  steel, 
te  outside  of  the  steel  was  considered  only  as  a  protection  against  fire 
km.  Columns  of  this  type  should  be  designed  with  caution.  The 
ould  not  be  relied  upon  to  tie  the  steel  imits  together  or  to  transmit 
m  one  unit  to  another.  The  units  should  be  tied  together  by  tie- 
ittice-bars  in  conformity  with  the  standard  piuctice  for  structural 
For  high  percentages  of  steel,  the  concrete  will  develop  low  unit 
id  caution  should,  therefore,  be  used  in  placing  dependence  upon  the 

iztoree  of  Concrete.  Increasing  the  proportion  of  cement  in  a 
Teases  the  ultimate  strength  of  the  concrete  proportionally  and  is 
designing  columns  with  smaller  cross- sectional  area.  The  increased 
;  strength  is  also  accompanied  by  a  higher  modulus  of  elasticity. 
e,  the  enqiloyment  of  a  rich  mixtuie  also  permits  of  higher  propor* 
les  in  the  steel  and  consequently  a  more  economical  design.  The 
sses  in  a  monoUthic  member,  however,  may  be  considerably  oom- 
the  excessive  shrinkage  of  rich  mixtures)  which  have  a  tendency  to 
'.  New  York  Building  Code  provides  that  "in  concrete  columns  the 
on  the  concrete  may  be  increased  twenty  per  cent  when  the  fine  and 
!gates  are  carefully  selected  and  the  proportion  of  cement  to  total 
increased  to  one  part  of  cement  to  not  more  than  four  and  one-half 
legate,  fine  and  coarse,  either  in  the  proportion  of  one  part  of  cement, 
-half  parts  of  fine  aggregate,  and  three  parts  of  coarse  aggregate, 
x>portion  as  will  secure  the  maximum  density.  In  such  cases,  how- 
apressive  stress  in  the  vertical  steel  shall  not  exceed  seven  thousand 
I  pounds  per  square  inch." 

^  Lateral  Reinforcement.  Robert  A.  Cummings  of  Pittsburgh, 
Welding  Company),  following  a  European  practice,  has  applied  a 
:inforcing  compression-members  by  placing  horizontal  wire  spirals 
ight-angles  to  the  main  compressive  stresses.  This  practice  is  based 
y  that  the  failure  of  a  concrete  prism  will  take  place  along  lines 
e  direction  of  the  applied  load.  The  method  has  been  very  success- 
ing  the  heads  of  precast  concrete  piles,  driven  by  hammer. 

Coltt^jUis.  When  a  building  for  any  reason  need  not  be  treated 
>f  structure,  space  and  time  may  be  saved  by  using  cast-ikon  or 
MS.  In  such  cases  the  column^connections  must  be  designed  with 
ings  lor  the  concrete  construction  and  so  that  there  will  be  a  con- 
hat  construction;  for  the  great  advantage  in  reinforced-concrete 
lies  in  its  ifONOUiBic  character.  When  cast-iron  columns  are 
ids  of  the  columns  may  be  cast  with  openings  through  which  the 

*  University  of  Illinois  Bulletin,  No.  56,  19x2. 
t  Proc.  Am.  Soc.  C  £.,  Feb.,  1915,  page  153. 
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out  impuriDC  tlie  Mreoeth  ol  the  cohimniat  the  connections. 


outsiifc  of  them  (o  t 
the  other. 

Eccaatiic  Loadt.  Bcndiiig  stresses  due  to  latxkal  and  e 
must  be  compuled  so  that  the  o)mbined  direct  and  bending  stress  doa 
exceed  the  allovtiible  nmumum  stress  for  axi^  compression.  Formuhi 
eccentric  loading  on  columns  are  given  in  Chapter  XIV,  pages  453  and  ^Sl 

Concrete  Wall*.  If  not  rein{on:ed,  conciete  walls  are  generallv  requu 
be  of  the  same  thickness,  (or  given  conditions,  as  brick  walla.  Under  »ud 
cumstances  they  ate  not  as  ecanomical  as  brick  walls.  If  remforced  and  in 
ijearing-walls,  they  can  be  reduced  to  aboat  two  thirds  the  thickness  of 
walls,  provided,  however,  that  the  load  on  the  concrete  does  not  exa«d  tfal 
load  per  square  inch  permitted  on  reinforced  columns.  The  ratio  of  unsupp 
height  to  thickness  should  not  exceed  that  fixed  for  oiumns.  For  qni 
walls,  supported  entirely  on  prders,  the  minimum  thickness  should  be 
Such  walls  should  be  reinforced  with  not  less  than  \i  lb  of  steel  per  sqnan 
of  wall.  ID  the  iorai  of  rod*  phcsl  vertically  and,  leu  fnqmently,  horixoa 

Relnfoned-Cmenle  Footings.  (See,  also,  pages  1S6, 125,  and  iiS.) 
principles  undnlying  the  design  and  construction  of  rein  forced -concrete  fbd 
are  the  same  as  those  applied  to  other  types  of  footings.  In  wall.  pier,  or  eel 
ibotings,  the  overhang  or  off -set  must  lie  considered  asiin  invmttd  c^WTtC 
loaded  unifonnly  with  a  load  per  "quare  foot  eqiul  to  the  load  per  sqnarw 
imposed  on  the  underiying  soil.  The  reinforcing-rods  will  then  mceasaii 
placed  near  the  lower  surface  of  the  tooting  and  the  size  and  number  detera 
aaihownonp«ges937,9jg,and9T9.   A  deuil  of  ten  overlooked  In  reinlotxxd 
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OSS  is  the  tendency  to  shbaa  at  tiie  edge  of  the  irdU  pier,  or  oofumn 
.  \Mien  footings  would  otherwise  become  very  eccentric,  cantilevers 
resorted  to,  the  same  as  for  steel  construction.     (See  pages  165  to  169, 

0  982.}  The  maximum  bending  moments  are  determined  and  the 
signed  as  described  on  pages  925  to  932,  and  978  to  982.  Sted  in 
lonld  be  protected  by  at  least  3  ia  of  ooDcrete. 

ly  of  Reinforeed^CoBcrete  Footings.  Great  economy  over  steel- 
other  types  of  footings  may  often  be  effected  by  the  use  of  rein- 
NCR£TE  TOOTDIGS.  The  cost  of  the  latter  type  wiH  vaiy  from  20  to 
i  cost  ci  a  corresponding  steel-orillage  footimg.  This  difference 
counted  for.  The  amount  of  excavatioti  for  the  reinforced  footing  is 
Mich  less  than  for  the  steel  grillage.  A  nnaHer  amouat  «l  concrete 
i  tfab  ooncrete  is  considered  m  the  calculations  for  strength;  whereas 

1  gdUage,  the  concrete  is  chiflfly  provided  for  incaang  and  protecting 
The  amount  of  steel  is  much  less,  being  used  only  to  supply  the  ten- 
tance  of  the  oonstructioiv  the  compresBtve  strength  being  supplied 
ch  cheaper  material,  concrete,    inddentally,  the  protection  of  the 

footing  is  generally  mote  fXTtsin  than  in  the  steel-griUage 


B  PSes.  Concrete  piles  are  discussed  in  Chapter  11,  pages  196  to 
one  of  the  t3rpes  are  there  described. 

ions  in  Reinf  oiced-Conersts  ConstruetiOB*  Much  good  judgment 
jJayed  and  must  be  ezerdaed  in  the  design  of  the  details  in  these 
^  The  great  value  of  reinioroed-conciete  construction  over  other 
i  posability  of  secuiing  great  Rion>nrY.  This  can  only  be  attained 
esult  is  as  nearly  MONOUxmc  as  possible.  We  than  have  mass  to 
(ratioa  and  this  advantage,  in  the  case  ol  workshops  or  factories  in 
i  is  machinery,  is  readily  seen.  The  reinforced-concrete  buildings 
hrough  the  severe  San  Francisco  earthquake  in  May,  1906,  in  good 
rere  those  in  which  attention  had  bees  given  to  the  details  and  con- 
To  secure  a  monolithic  character  rsqwies  contdiuity  not  only  in  the 
It  also  in  the  reinforGcment.  This  often  means  that  there  is  a  net- 
1  at  the  connections.  If  this  is  carried  to  escess,  the  Bom)  and  con- 
iie  concrete  is  apt  to  be  broken,  even  when  the  spaces  between  the 
ice  thoroughly  filled.  But  when  there  is  such  a  network  of  steel 
ike  a  sieve  and  the  spaces  are  not  isadily  filled.  For  this  reason  it 
i  a  richer  nsizture  at  the  columns  and  to  keep  the  aggregate  as  small 
The  connections  of  floor  system  to  columns  are  particularly  trouble- 
respect,  and  partly  for  this  reason  and  partly  to  insure  rigidity, 
uld  be  provided  under  the  girders  at  the  columns,  with  metal  rein- 
far  the  inclined  surfaces  of  these  brackets. 

»d^-C«ierot»  Stain.*  So«ie  of  the  most  interesting  work  that  has 
:  Rsoforoed  ooncrete  has  been  the  oonstmction  of  stairs.  The  rein- 
eins  i»  the  form  of  comparatively  smaM,  Umber  bars,  can  be  adapted 
y  Ampc  for  whicfa  molds  can  be  coostructed,  and  when  a  wet,  rich 
ii  small  a^pgrcgate  is  used,  Uttle  or  no  difficulty  need  be  experienced 
As  an  example  of  such  work,  the  stairs  in  the  residence  of  G.  W. 
In  New  York  City,  may  be  cited.  When  these  stairs  were  five 
test  of  their  strength  was  made,  without  distre.ss,  by  dropping  a 
iz  ba^s  of  cement,  weighing  about  580  lb,  from  the  floor  above  to 

*  See,  also,  pages  900  and  983. 
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the  intermediate  platfonn,  a  distance  of  ii  ft.  No  injurious  effects  wea 
ticed.* 

4.  Types  of  Reinforced-Concrete  Construction  f 

Mill-Construction.  In  localities  where  the  cost  of  labor  is  high  and  «( 
the  conditions  cause  more  or  less  congestion,  it  is  probably  more  eooocMiiia 
use  brick  instead  of  concrete  for  the  walls.  In  such  cases  the  type  of  oonst 
tion  is  similar  to  ordinary  iriLL-coNSTSUCTiON.  Provision  must  be  made  to 
chor  the  beams  and  girders,  and  this  can  be  done  by  bending  the  ends  of 
reluforcing-rods  so  that  they  will  extend  horizontally  into  the  walls  on  each  i 

Skeleton  Construction.  The  skeleton  type  of  construction  seems  ti 
the  form  Ijest  adapted  to  reinforced  concrete.  A  framework  of  columns,  gtRJ 
beams,  and  flooring  b  built,  as  in  steel  construction,  the  wafl^girdersand  coliai 
of  course,  being  designed  to  carry  the  weights  of  the  outsicie  walls  as  wd 
that  part  of  the  floor-loads  and  live  bads  which  comes  on  them.  The  worft 
this  type  of  construction,  can  generally  progress  more  steadily  than  in  the  m 
CONSTRUCTION  since  the  concrete  work  need  not  be  stop>ped  at  any  time  to  i 
for  the  brickwork  to  be  carried  up,  if  brick  is  used  for  the  walls.  In  the  9a 
TON  CONSTRUCTION  any  type  of  outside  wall  may  be  used;  brick,  conatHs^il 
etc.  In  some  cases  the  panels  are  simply  filled  in  with  brickwork,  S  or  x: 
thick,  leaving  the  concrete  columns  and  girders  showing  between  the  h 
panels.  For  watts  situated  on  property -lines  where  edjoining  buildings  are  H 
to  be  erected,  this  is  not  objectionable.  If  the  wall  remains  exposed  and  a  g 
{^)pearance  is  a  consideration,  the  columns  and  girders  can  be  treated  ardrf 
tfurally  to  set  ofif  the  brickwork;  or  the  brickwork  may  be  continued  as  a  fd 
over  the  outside  of  the  columns  and  girders.  This  was  done  in  some  of  the  8 
Terminal  Warehouses,  Borough  of  Brooklyn,  New  York  City.t  To  thorai^ 
secure  this  brick  facing,  galvanised  anchors  were  placed  in  the  concrete  cohfl 
and  girders  as  they  were  erected,  projecting  sufSdently  to  bond  into  the  be 
joints.  In  using  concrete  for  the  panels  the  sides  (tf  the  columns  are  cast  i 
pockets,  grooves,  or  recesses  to  receive  the  panels,  which,  as  in  the  case  of  be 
work,  are  most  satisfactorily  and  most  economically  built  after  tlie  removs 
the  molds  from  the  skeleton  frame.  In  the  Marlborough-Blenheim  Hotel 
Atlantic  City,  N.  J.,  the  panels  are  filled  in  with  hard-burned  terra-cotta  I 
and  a  stucco  applied  on  the  outside.  This  makes  a  comparatively  fight  ( 
struction  and  affords  good  insulation.  The  particular  advantage  in  the  sRl 
TON  TYPE  of  construction,  especially  for  workshops  and  factories,  is  die  possibi 
of  large  window-areas  affording  li^t  and  ventilation. 

System  M.  A  type  of  construction  known  as  System  M  has  been  deveiof 
by  the  Standard  Concrete  Steel  Company  of  New  York  City  (Fig.  22).  It  < 
sists  of  a  Ught  steel  skeleton  frame  designed  to  carry  the  dead  load  of  the  en 
structure,  except  that  the  colHmns  are  designed  to  carry  the  gross  kwds.  'i 
structure  is  incased  in  concrete,  making  ultiraatelya  reinforced-ooncrete  coosti 
tioQ.  §  Its  advantage  consists  in  its  adaptation  to  the  erection  and  inspectioi 
the  steel  reinforcement  before  even  the  centers  or  molds  are  placed  in  poati 
Under  congested  conditions,  such  as  prevail  in  large  cities,  it  is  a  rapid  fora 

*  For  a  detailed  description,  see  Cement,  Jan.,  1904,  and  Engineering  Record,  Dec, 
1903.    For  other  examples  of  st&ir-constriiction,  see  Engineering  News,  June  30,  i) 

t  See,  also,  Chapter  XXV. 

X  For  a  de»crtptk>n  of  thia  building,  see  Engineerbg  Record,  March  3.  1906. 

§  For  fuller  description,  see  Engineering  News,  April  35, 1907,  and  Engineering  Reo 
June  22,  1907. 
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on.  Tbc  uw  of  tbe  4ted  h>  thia  type  [a,  hovevvr,  not  economicil. 
o  get  ibe  oecesfary  Unngtlt  ia  the  Uetl  fraiMwotk,  shapes  rouit  b« 
ii  do  not  oSei  the  amount  of  adbeuan  tbat  ahvutd  Tcndl  from  the 
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metal  used.  Furthennon;  such  shapes  must  ntcessanly  be  subjecled 
enduig,  nhich  tends  to  break  the  bond  between  concrete  and  steel. 
lb  Constmction.*  In  this  form  of  ronslruction  beam«  and  eirders 
ited  almost  completely,  if  not  entirely,  and  the  slab  is  made  la  rest 

the  eolumos;  Ibe  tops  of  the  columns  are  enlarged  into  eitended  caps. 
fQ  of  construction  employs  a  shallower  Aoor-construction  than  is  ardi- 
inable.  The  floor-centering,  too,  for  purposes  of  erection,  is  somewhat 
pcdally  in  those  forms  ol  slabs  in  which  tbe  lower  surface  is  all  in  nne 
te  slab  may  be  of  uniform  thickness  between  the  edges  of  the  column- 

■  a  portion  of  ft,  ^mmetrical  about  the  columns,  may  be  thickened  to 
.cnci-DBOP,  or  the  sbb  may  be  thickened  to  form  a  band  or  shallow 
een  columns,  with  a  partded  ceiling  at  the  center  of  the  panel. 

I  the  method  of  reinforcing  the  slab  and  columns,  a  number  of  systems 
developed  which  may  be  divided  into  four  general  classes:     (i)  the 

cciarEKENTiAL  SYSTtK.  In  the  TWO-WAY  SVSTHH,  the  reinfnrcement 
direct  bands  between  th'  cohimns  in  both  directions,  with  an  interior 
wo-way  rectangular  bands  on  the  lemaining  panel-am  at  the  center. 
■■WAV  EYSTTM,  the  Tclnlorcement  is  placed  in  two  direct  bands  in  the 
gular  directioni,  and  in  two  dfagDn^  bands  which  cross  the  panel 
between  columns.  In  tbe  TBaee-WAK  svsteu  the  reinforcement 
bands  directly  coooectios  the  coIudids  and  paanng  over  the  column- 
the  ciBCUUfERENTtAL  EVETEU,  dicumferetilial  reinforcement  is 
ind  the  columns,  with  ban  radiating  from  the  cnlumn-ceDters.  Con- 
:»  of  reinforcement  are  also  placed  at  the  center  of  the  sides  joining 
ten,  which  overlap  the  circumfeieiitial  reinforcemeat  at  the  columns, 
Dt«  of  tbe  panel  is  reioEoiced  in  a  similar  manner.  Some  of  the 
retoped  are  tnodificationsof  the  above  or  a  combination  of  two  or  more 
rai  types  described.  The  princi[des  of  deagit  arc  based  oo  empirical 
termioed  by  eitensometer  tests  made  on  completed  buUdings. 
jalem.  This  is  a  rwo-wAi  syeteu  develoi>ed  by  the  G>ndron 
Chicago,  III.     It  is  conitnicted  either  with  a  slab  of  uniform  tbick- 

■  drop-panel,  or  with  a  paneled  ceilinfl.    Each  panel  of  the  slab  is 

•  See,  also,  GirderlMS  Floors,  Chapter  XXV,  p»«e  993. 
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divided  into  two  sets  o£  etri|;>s,  called  tbe  main-slab  strips  and  the 
STRIPS,  which  are  designed  as  flat,  shallow  beams. 

Corr-Plat*  ^tteni.    This  type  of  construction  has  been  developed  &» 

stalled  by  the  Corrugated  Bar  Company,  Buffalo,  N.  Y.  The  constructM 
similar  to  other  two-way  systems  and  is  installed  either  with  or  without  di 
The  reinforcement  is  distributed  across  the  entire  slab,  with  vdjryixkg  ^pr*^! 
resist  the  stresses  determined  experimentally. 

Mushroom  System.  The  mushroom  system,  invented  by  C.  A.  P.  Tu 
Minneapolis,  Minn.,  is  one  of  the  earliest  of  the  flat-slab  oonstructions. 
striking  and  essential  feature  which  gives  this  system  its  name  is  the  sra 
spreading  out  of  the  column  at  the  top  to  form  a  cap,  the  diameter  of  win 
seven  sixteenths  of  tbe  sum  of  the  distances  between  columns  in  the  directic 
the  sides  of  the  slab.  The  longitudinal  column-reinforcement  is  bent  to  fc 
the  carved  outer  surface  of  the  cap,  and  the  cap  is  reinforced  both  radially 
drcumferentially. '  The  slab-reinforcement  is  placed  at  the  top  of  the  shib 
the  columns  and  aUowed  to  sag  to  a  catenary  curve  with  the  low  point  neaj 
bottom  of  the  slab  at  the  middle  of  the  span.  The  thickness  of  the  slab  v; 
from  Hi  to  Ho  of  the  shorter  distance  between  the  column-centecins.  H 
essentially  a  four-way  systkm  with  the  added  features  described  above. 

The  Cantilever  Flat  Slab,  designed  by  the  Concrete  Products  Coaa|i 

Chicago,  HI.,  is  another  type  of  f our-way  system.  It  differs  from,  the  on 
scribed  in  the  preceding  paragraph  mainly  in  the  constructioa  ol  the  CQluin» 
The  column-bars  are  not  bent  to  the  shape  of  the  cap  but  continue  up  gtrm 
The  horizontal  cap-reinforcement  is  provided  by  a  shop-made  frajoke  of  b 
bars,  held  together  by  a  Diamond  Bar  which  is  intended  to  resist  the  cin 
ferential  stresses.  The  diameter  of  the  cap  is  about  fio  the  qmlo  and  the  tl 
ness  of  the  slab  about  Ha  the  span.  Whenever  necessary  to  piovide  lor  i 
shearing-stresses  and  bending-stresfles  around  the  column,  the  slab  is  incoa 
in  thickness  at  that  point,  forming,  in  appearance,  an  extended  cap  at 
column-head.  Later  extensometer  tests  have  proved  the  use  of  radial 
with  rings  around  tbe  column-heads  to  be  ineffident^  and  they  therefore  1 
been  abandoned. 

Three- Way  System.  This  system  was  iniveated  and  patented  hy  "Drnvk 
Morrow,  Cleveland,  Ohio.  The  columns  are  located  at  the  apexes  of  *»*|^^iiij 
triangles,  making  equal  the  bands  of  steel  between  the  oohunns.  Tbe  rcsnA 
ment  over  the  columns  ia  placed  in  three  instead  of  the  four  layers  oi  the  wi 
WAY  systems.  Flaring  circular  caps,  with  hcDcsgonal  or  drcolar  dicipa,  ase 
vided  over  the  columns. 

S.  M»  I.  System.  This  system  was  invented  and  patented  Ky  £di 
Smulski,  and  is  controlled  by  the  S.  M.  I.  Engineering  Company,  Boston,  1^ 
Circumferential  and  radial  reinforoement  is  i^aced  in  both  the  top  and  bo( 
of  the  shd>,  with  tmsaed  bars  extending  both  rectangularly  and  diacTonally 
tween  the  oohmms  (Fig.  23).  Tbe  radial  bars  are  provided  with  a  sesnjkin 
hook  to  transfer  the  stresses  into  the  cofncrtte  by  bond,  and  to  engage  the  ris 
reinforcement  in  the  center  of  the  panet.  To  piev«nt  cracking  on  the  top  ol 
sbb  between  cohumis,  additional  short,  straight  bars  are  sometimes  used. 

Patents  for  Flat-Slab  Constnictiion.  In  1901  and  1902  patents  1 
granted  to  O.  W.  Norcross,  covering  ghrierless  floor-construction  reinforced  ^ 
bands  of  wire  netting  extending  from  column  to  column.  Application  fai 
original  C.  A.  P.  Turner  patents  was  made  in  1905.  In  1915  the  United  Si 
Courts  held  that  the  Norcross  patents  covering  girderless  floors  were  fu 
mental,  and  that  bands  of  bars  were,  to  all  intents  and  purposes,  the 
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Fig.  23.    S.  M.  I.  n»t-«tab  Syiltm 

e  nettioK'    It  would  seem,  therefore,  that  any  syilei 
tendinc  upon  buds  of  bus  nuining  either  diagonally  uc  ( 

to  cduam  cooicjtutn  an  infringement  of  the  Norcroas  patents. 
promoters  (rf  flat-slab  coDstniction  in  the  United  States  are  now 
^  the  NorcTDSS  patents;  but  srveral  otbar  United  Rtnies  patents 
anted  coveriog  Q)edal  mecboda  of  cunstruction  and  leinforccmeot. 
ion  HoDoW'Tlle  mni  RahiluH.  ed-ConciMa  Cwutriictioii.  In 
nimize  the  cost  of  (Entering,  the  floor-conatraction  ibown  in  Fig.  24 
b-isMl.  It  consists  of  a  series  of  reinforced-coniTFte  beams  with 
m  of  the  width  of  the  hollow'tile  blocks,    Id  erecdoo,  a 
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Cb^>.: 


Hat  centering  is  used,  which,  bonever,  need  not  even  be  contjnuous.  Plaoka 
few  inches  wider  ttun  the  coufrete  beanu,  are  pUced  undei  the  tt»sx3  tvlte  £E 
by  the  beams,  and  the  tiks  ate  laid  in  rom  and  JuppOTted  Blanjt  tlwir  edees 
the  plaftks,  thus  faming  the  ades  cf  the  molds  For  Ihe  heami.  Tlie  rnnfoK 
mentiiplacedandtheconctetepoured,  withortrilhout  floor-|Jfltea,  as  tbe  nee 
allien  of  the  ate  may  requin,    Cue  must  be  taken  in  pouring  the  coaai 


Flj.  24.    The  Combiialioo  ITle  and  Eeinforced-conci 


eSysten 


that  the  tiles  are  not  diq^ced  '[devitt.  The  tiles  should  At  closely  at  tin 
joints,  otherwise  Ihe  6neT  particles  of  tbe  cwiciete  are  liable  to  fluw  into  tba 
eilber  making  the  concrete  porous  or  tequiring  more  cement  and  »nd  Ifaan 
necessary.  This  fonn  of  constniction,  besides  being  economical  in  cealerii 
offers  the  ndvanlages  of  a  flat  ceiling  withou:  the  application  of  lath  and,  ia  ra 
coiuCnictian  partirularly,  of  fieedom  from  condensation. 

The  Ftoretyle  SystemB.  A  floor-construction  liniilar  to 
construction  jusl  described  has  been  devised  by  the  Truicon  Steel  t 
Voungstown.  Ohio,  in  which  forms  of  comigated  sheet  iteel,  called  flokettU 
replace  the  hollow  tiles.  The  Floretyles  are  furnished  in  kngUn  ol  aS^  and  , 
in,  and  in  depths  of  6,  S,  lo,  and  12  in,  Tbe  width  at  the  base  is  :oH  in.  with  ll 
sides  tapering  at  an  an^of  t°  30'.  They  are  fumisbed  in  two  types,  either^ 
serrated  elges  for  use  with  the  company's  [!y -riiilath  for  ceilings,  or  with  onj 
edges  for  use  where  paneled  ceilings  are  required.  Other  makes  of  meuil  foa 
used  m  the  construction  ol  reinforced-conoetc  floors  are  the  gfiteei.  TiLXsof  tj 
General  Fireptoofing  Company,  Voungstown,  Ohio,  and  tbe  wiscotorms  of  ti 
Witherow  Steel  Company,  Pittsburgh,  Pa.  Besides  a  reduction  in  wtijdtt 
finished  Qoori.  the  additional  advantages  in  the  use  of  these  steel  tiles  or  f<jt% 
over  the  lerra-cotta  fillers  are:  Greater  economy  in  centering,  larger  co\-edi 
capacity,  less  bulk  in  shipment  because  the  forms  can  be  nested,  and  less  dang 
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on  of  water  from  the  concrete  and  of  the  flooring-out  of  the  cement  at 
A  cmcrete  floor  of  o  r  stesl  tiles,  spaced  so  as  to  make  4-m  con- 

s,  24  in  on  centers,  and  having  2  in  of  concrete  above  the  tiles,  with- 
is  said  to  have  the  properties  shown  in  the  table  on  page  952, 

>  the  depth  of  tiles  used. 

.7  Tile  Syttems*  Similar  in  general  principle  but  using  reinforce- 
»  directions,  at  right-angles  with  one  another,  is  the  combined  hol- 
ID-OONCRETB  TLOOK,  controlled  by  the  Burchartz  Fireproofing  Com- 
vfew  York  City,  undier  the  Burchartz  patents  (Fig.  25) .  Thb  system 
ra-cotta  blocks,  channels,  and  soffits,  providing  uniform  flat  ceilings 
oter  can  be  applied  without  the  use  of  metal  lath.  In  this  case  the 
dated  as  a  slab  supported  on  four  ades.  (See  page  936.)  The  con- 
ivented  from  running  into  the  hollow  spaces  of  the  tile  by  the  use 
•ootta  channeb  as  shown. 

lei.  In  the  FLOREDoacE  •construction,  put  on  the  market  by  the 
el  Company,  Yoimgstown,  Ohio,  the  tile  spadng-blocks  of  the  two- 
stem  are  replaced  by  rectangular  dome-shaped  steel  forms  with  the 
XQ.  Lightness  in  floor-weight,  ease  and  rapidity  of  installation,  and 
s  are  the  advantages  claimed.  The  ceiling-treatment  in  this  con- 
similar  to  that  in  the  Floretyle  system.  The  base  of  the  domes  is 
.5  in  square;  the  depth  varies,  bdng  6, 8,  xo,  or  12  in. 

of  Combinatioa  Systems.  While  the  tiles  may  under  favorable 
Id  to  the  strength  of  the  combined  floor-construction,  the  chances 
U>ry  workmanship  are  too  great  to  consider  them  in  the  calculations 
In  the  floors  reinforced  in  one  direction,  the  construction  should 
i  a  series  of  either  rectangular  beams,  or  T  beams,  as  the  concrete 
T  to  or  above  the  top  face  of  the  tiles.  The  two-way  reinforced 
N  should  be  treated  as  if  it  consisted  of  a  slab  supported  on  four 
.  series  of  intersecting  rectangular  beams,  or  T  beams.  If  the  con- 
9  be  treated  as  a  series  of  T  beams  or  as  a  slab,  the  concrete  should 
t,  aH  >n  above  the  top  surface  of  the  slab  and  the  tiles  or  fillers'&hould 
t%  of  the  volume  of  the  construction. 

f-molded  Constrnctioii.  The  unit  or  separately-mou>ed  con- 
xisiats  of  precast  reinforoed-concrete  members,  columns,  girders, 
bs,  either  molded  at  the  site  of  the  building,  or  made  at  the  factory 
to  the  site  ready  for  use.  The  various  members  are  swung  into 
h  the  same  manner  as  steel  is  erected,  and  fitted  together  in  the 
interlocking  reinforcement  and  poured  grouting.  Great  economy 
this  method  of  erection  on  account  of  the  saving  of  forms.  Maxi- 
y,  however,  cannot  be  obtained  on  a  building  operation  of  less  than 
as  economy  is  obtained  by  the  greater  use  of  the  forms  and  the 
:  the  erecting-crews  with  the  particular  type  of  building.  But 
ooditions,  economy  can  also  be  shown  on  an  operation  involving 

>  000  sq  ft.  The  advantages  of  this  construction  are  said  to  be: 
nbcr  of  uses  possible  of  one  set  of  forms,  especially  on  a  large  opera- 
II  number  of  men  required,  due  to  the  extensive  use  of  kKOmotive- 
•  trucks,  derricks,  etc.;  the  ease  with  which  the  units  may  be  in- 
beingr  poured  and  before  entering  the  building;  and  the  fact  that  all 
:es  place  before  the  units  enter  the  structure,  thus  eliminating 
cks  in  the  building.  The  dis«idvantage  of  such  a  system,  however, 
i  in  the  hick  of  sufficient  frigidity  in  tall,  separately-molded  um't 
\n  floor-members'  must  be  designed  and  cast  as  simple,  non-con- 
rs,  with  the  reinforcement  left  projecting  at  both  ends  to  serve  for 
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tructure  together.  These  junctures  are  made  alter  the  units  are 
plaoe,  and  supported  by  a  pouring  of  rich  concrete.  For  tall  struc- 
lore  feasible  to  erect  a  light  structural-steel  frame  and  employ  the 
-units  only.  (See  Chapter  XXIII,  page  854.)  The  saving  in  cost 
ticularly  in  low  buildings,  and  more  especially  in  one-story  struc- 
buildings  having  been  erected  at  a  saving  of  from  10  to  20%  over 
construction.  Methods  of  interlocking  the  units  and  providing 
details  are  constantly  being  improved  and  a  series  of  tests  of  the 
9U€^  connections  is  being  carried  on  by  the  Unit  Construction 
Sl  Louis,  Mo.  There  are  under  construction,  or  already  completed, 
ig$  of  this  type  installed  by  the  above  company,  including  five-story 
'  the  National  Lead  Company,  at  St.  Louis,  Mo.,  Kansas  City, 
ttsburgh,  Pa.;  a  three-story  building  for  the  Ohio  Cultivator  Com- 
eville,  Cttiio;  five  acres  of  car-bams  at  Philadelphia,  Pa.;  and  appros- 
teen-and-a-half  acres  of  cotton-warehouses  at  Memphis,  Tenn. 
le  Engineering  Company  of  New  York  City  has  erected  five-story 
buildings  with  its  Unit  system,  in  Boston,  Mass. 
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luctfrity  of  Reinforced  Concrete.    Concrete  is  a  poor  conductor 

\n  this  fact  lies  whatever  virtue  it  has  as  a  fire-proof  material.!   A 

I  made  by  Professor  Woolaon  of  Columbia  University,  New  York 

»rted  at  the  1907  meeting  of  the  American  Society  for  Testing  Mate- 

the  following  results: 

all  concrete  mixtures  when  heated  throughout  to  a  temperature 

500^  F.  will  lose  a  large  proportion  of  their  strength  and  elasticity, 

fact  must  be  well  remembered  in  designing." 

all  concretes  have  a  very  low  thermal  conductivity,  and  therein 

known  heat  resisting  properties." 

as  a  result  of  this  low  thermal  conductivity,  two  to  two  and  one- 

:  concrete  xx>vering  will  i»otect  reinforcing  metal  from  injurious 

eriod  of  any  ordinary  conflagration  (provided,  of  course,  that  the 

i  in  place  during  the  fire)." 

reinforcing  metal  exposed  to  the  fire  will  not  convey  by  conduc- 

ious  amount  of  heat  to  the  embedded  portion." 

the  gravel  concrete  was  not  a  reliable  or  safe  fire-resisting  aggre- 

rength  of  Reinforced  Concrete.  If  its  kon-cokdttctivity  were 
>lved  in  the  fire-proof  character  of  concrete,  the  minimum  thick- 
for  the  protection  of  the  steel  could  be  easily  determined.  But 
of  the  concrete  is  more  or  less  affected  when  exposed  to  extreme 
rt  has  been  made  to  determine  this  effect  and  a  summary  §  of  the 
»rted  by  Professor  Woolson  of  Columbia  University,  New  York 
in  Tables  XU  and  XIII. 

Record,  Vol.  60,  page  64^;  Rnginrrring  News,  VoL  5ft,  pag*  5}  Pc»> 
al  Association  of  Cement  Users,  19 10,  page  391. 

remembered  that  in  this  and  succeeding  paragraphs  on  the  fire-resisting 
bcxete,  only  such  material  as  is  used  in  rakiCofced  concrete,  it  comideffed. 
concrete  as  a  fira-prooi  material  is  dJacnased  in  Chapter  XXIII, 


News,  Aug.  J5, 1907,  page  x68. 

k>c.  for  Test.  Mats.,  Vol.  IV,  page  433. 
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Chap. 


Kre  Teits  on  Reinforced  Concrete.  The  effgct  of  fire  on  reinfon 
concrete  has  been  studied  in  a  number  of  tests  made  by  the  building  authocil 
of  New  York  City  and  Philadelphia,  and  in  some  of  the  conflagrations  in  t 
country,  notably  at  San  Francisco.  The  tests  to  which  the  sample  full-s 
constructions  have  been  subjected  are  similar  to  the  test  described  in  Chap 
XXIII,  page  827.* 


Table  HI.    Testa  of  Concrete  Blocks  Heated  on  AU  Sides  f 

Specimens,  6  by  6  by  14-in  prisms;  proportions  1:2:4 
Age  2  months;  temperature  1500"  F. 


Treatment 

Aggregate 

Limestone 

Trap-rock 

Cinder 

Gravel 

Modulus  of  elasticity. 
At  200  lb  per  sq  in: 
Unheated 

6000000 
200000 

3430000 
150  000 
129000 

4355000 
222000 
188000 

4355000 
348000 

3140 

z  400 

997 

1090000 

49SOO 

571  000 

960000 

8  000  001 

Heated  3  hours 

Heated  5  hours 

At  400  lb  per  sq  in: 
Unheated 

6000000 
285000 

6887001 

Heated  2  hov«^ 

Heated  s  hours 

At  800  lb  per  sq  in: 
Unheated 

5647000 
425000 

2740 

1345 

870 

915000 

Heated  3  hours 

Brealdng-load  in  lb  per  sq  in: 
Unheated 

X  400 
547 
S04 

378c 

Heated  3  hours 

Heated  s  hours 

Table  Xm.    Concrete  Blocks  Heated  on  One  Face  Only  t 

Specimens,  6  by  6  by  X4-in  prisms;  proportions  1:2:4 
Age  2  Months;    temperature  i  500^  P. 


• 

Treatment 

Aggregate 

Limestone 

Trax>-ffock 

Modulus  of  elasticity.  (Blocks  heated  5  hn.) 
At  200  lb  Bcr  so  in 

293400 

521700 

730700 

X840 

At  doo  lb  oer  so  in 

9^11  ^tW% 

At  800  lb  oer  so  in 

379000 
I7OS 

Brealdna4oed  in  lb  t>er  sa  in 

*  For  a  partial  list  of  these  tests,  see  Table  in  Proc.  Am.  Soc.  for  Test.  Mate.,  VoL  1 
page  Z28.    Several  tests  have  been  made  since  that  report  was  submittocL 
t  Proc.  Am.  Soc.  for  Test.  Mats.,  VoL  VI,  page  446. 
t  Proc.  Am.  Soc.  for  Test.  MaU.,  Vol.  VI,  page  443- 
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hiakm,  from  a  study  of  the  tests  in  detail,*  shows  that  to  a  depth 
txmt  X  in,  the  concrete  is  seriously  impaired  and  easily  washed  ofi  by  a 
applied  to  the  sorfaoe.  Any  stone  containing  an  appreciable  per- 
ubonate  of  lime  will  calcine  and  may  cause  failure.  Where  the  con- 
poorly  designed,  allowing  an  excessive  deflection,  the  fine  cracks 
cte  bdow  the  sted  wiU  open  to  such  an  extent  as  to  permit  the  heat 
:  metal  reinforcements.  When  the  reutf orcement  is  such  as  to  pro- 
i  of  weakness  in  the  concrete  there  is  liable  to  be  a  flaking  off  of  the 
I  a  consequent  e]qx)sure  of  the  metaL 

ire  Teala  of  Reinfozced  Concrete.  The  eakuest  tbst  of  a  re» 
Crete  building  in  an  actual  fire  occurred  in  1903,  in  the  four-story 
le  Pacific  Coast  Borax  Company,  at  Bayonne,  N.  J.  The  roof  of 
;  was  of  wood,  and  with  the  contents  of  the  building,  was  destroyed 
The  only  dajnage  suffered  was  a  break  in  the  top  floor  caused  by 
,  heavy  tank  that  had  been  supported  by  the  roof.  At  the  same 
lining  buildiag  constructed  with  unprotected  steel  posts  and  beams 
into  a  tangled  mass  of  metaL 

the  Baltimore  Fire.  In  the  Baltimore  fire  there  was  but  one 
ncrete  building  of  the  three  exposed  to  the  fire,  from  which  any  fair 
an  be  drawn.    In  one  of  the  buildings,  the  concrete  construction 

destroyed,  but  this  was  probably  due  to  the  falling  walls  and  the 
iier  non-fire-proof  parts.  In  a  second  building,  the  heavy  rein- 
5te  floor  of  a  banking-room  came  out  practically  unharmed;  but  it 
3sed  to  severe  fire.  The  third  structure  was,  however,  exposed  to 
The  contents  of  the  building  were  destroyed  and  a  large  part  of  the 
L  walk  feU.  The  floors,  five  in  number,  were  all  of  reinforced  con- 
ted  on  concrete  columns,  having  replaced  an  old  wooden- joist  con- 
i  test  made  after  the  fire  showed  that  the  floors  were  still  strong 
istain  the  loads  for  which  they  woe  designed,  although  the  floors 
racked.  The  girders  were  cradced  longitudinally  near  the  lines  of 
ment,  and  the  columns  were  spaUed  to  such  an  extent  as  to  expose 
vinforcement.  It  would  have  been  difficult  to  restore  the  building 
uld  resist  another  such  attack.! 

the  San  Fimncisco  Fire.  The  etfects  of  the  fise  on  concrete 
in  the  conflagration  immediately  following  the  San  Francisco  earth- 
6  are  summed  up  in  the  foUowiilg  paragraph  from  the  report  of  a 

engineers  that  investigated  the  subject. 

floors  generally  had  hung  ceilings,  and,  where  thus  protected,  were 

KVbere  exposed,  the  concrete  is  in  most  cases  destroyed,  for  instance, 

Rialto,  and  the  Aronson  Buildings,  and  the  Crocker  Warehouse. 

is  dry,  and  while  in  many  cases  hard,  yet  all  the  water  has  been 
ad  it  may  be  said  to  be  destroyed,  even  if  able  to  support  weights. 
igs  of  wood  invariably  burned,  adding  to  the  destruction.  Sleepers 
y  burned.  Surfaces  of  cement  mortar  fared  much  better,  the  lino- 
^  remaining  practically  intact.'^! 
ng  the  report,  Mr.  A.  L.  A.  Himmelwright,  who  made  a  personal 

the  mins,  concludes  that  reinforced  concrete  is  inferior  as  a  fire- 
truction  to  any  form  of  steel  construction  with  concrete  floors  and 

sd  repents  are  on  file  in  the  Bureau  of  Buildings,  Borough  of  Manhattan, 

ewdl  in  his  report  on  this  buflding  draws  a  different  concluskm.    See 
ews.  Match  24,  X904«  pa<e  276. 
Soc  C.  £.,  March,  1907,  page  330. 
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concrete  cdumn  and  girder-protection,  but  superior  to  steel  construction  i 
teira-cotta  floor  and  tem^ootta  column  and  girder-protection.  ^  Where  t 
method  was  used,  a  very  digfat  attack  of  fire  was  generally  sufficient  to  came 
rupture  of  the  conaete  underneath  the  leinfordng-awtal,  so  that  it  fell  tm 
exposing  the  metal.  There  weie  comparatively  few  buildings,  however,  in  wl 
this  method  of  construction  was  used."* 

TUekneM  of  Concrete  Required.  From  a  study  of  the  tests  and  fires 
referred  to,  the  fair  condusions  as  to  the  Airoxmr  or  pfiOTEcnoM  against 
would  seem  to  be  as  follows:  (x)  In  all  columns  and  in  large  and  imporl 
girders,  trusses,  or  other  supports,  at  least  a  in  of  concrete  oatside  of  all  tdmii 
ments;  (2)  in  girders  and  bnms  and  in  thbs  of  long  spans,  about  iH  in  of  < 
Crete  out^e  of  all  remforcements;  (3)  in  stair-^ork,  floor-slabs  of  short  s| 
and  walk  and  partitions,  from  ^  to  i  in  of  concrete  outside  of  all  reinfotcem 
The  provisions  reoonunended  in  the  Building  Code  of  the  National  Boon 
Fire  Underwriters  are  :  "  Steei  reinforcement  shall  have  a  minanum  ] 
tection  of  concrete  on  all  sides  as  foltows:  In  cokonns  and  girdeiB,  2  ind 
in  beams  and  walls,  iV^  in;  and  in  floor  sbhs,  i  indi.  The  steel  in 
walls  and  columns  shall  have  a  minimum  protection  of  4  inches  of 

"The  minimum  thickness  of  concrete  surrounding  and  reinforcing  meml 
ocke-quarter  inch  or  less  in  diameter  shall  be  one  inch;  and  for  membcts  hea 
than  one^quarter  inch  the  minimum  thickness  of  protecting  conciete  shall 
four  diameters  taking  that  diameter,  in  the  event  of  bars  of  other  than  dro 
cross-section,  which  lies  in  the  direction  in  which  the  thickness  of  the  oono 
is  measured;  but  no  protecting  concrete  need  be  more  than  four  inches  tl 
for  bars  of  any  size;  and  provided,  further*  that  ail  columns  and  girden  of  1 
forced  concrete  shall  have  at  least  one  inch  of  material  on  all  exposed  aaifi 
over  and  above  that  required  for  structural  purposes;  and  all  beams  and  I 
slabs  shall  have  at  least  three^iuarters  inch  of  such  surplus  material  for  fin 
aisting  purposes." 

Other  Forms  of  Frstsetloii  for  Rehiforesd  Concrets.  Becsiiae  of 
effects  produced  by  fire  on  «einferoed  concrete,  as  above  dcnuibcJ,  sad 
difficulty  of  restoring  the  oonstruction  where  so  affected,  variouB  sugseMi 
have  been  made  to  protect  the  concrete  oonstruction  with  other  materials. 
account  of  its  excellent  fixe-resisting  qualities  (see  page  817)*  catOEM.  qqhgV 
naturally  suggests  itself.  This  material  is  out  of  the  question  where  atreq 
is  required.  But  its  use  may  be  combined  with  that  of  stone  comckeii^ 
placing  a  sufficient  thickness  for  protective  purposes  on  the  outside  of  the  « 
ibroements  in  columns,  below  the  neutral  axis  in  beams  and  girders,!  and  on 
under  surface  of  floor-slabs.  Difficulties  are  Ukely  to  be  encountered,  hovel 
in  pladng  two  kinds  of  concrete  in  the  same  moid,  but  these  difficulties 
not  insurmountable.  Careful  inspection  is  required  to  see  that  the  poc 
material  is  not  put  in  place  of  the  stronger.  One  kind  of  concrete  should  fol 
the  other  immediately  in  order  to  secure  a  bond  between  the  two.  This  | 
gestion,  serving  at  the  same  time  another  purpose,  was  satisfactoribr  appfisri 
the  column-protection  in  the  Bush  Terminal  Warehouses  in  the  Borouih 
Brooklyn,  New  York.  The  steel-wire  wrapping  for  the  columns  was  prepfl 
in  sections  2  ft  in  height.  Metal  lath  with  about  a  H-in  mesh  was  pboed  oiili 
the  wrapping  and  secured  to  it.  This  was  then  placed  in  a  cylindrical  wos| 
mold  2  ft  in  height  and  with  a  diameter  4  in  larger  than  the  wrapping,  ^ 
forming  an  inner  side  of  the  mold.  The  ^)ace  between  the  wrapping  and  i 
wooden  mold  was  then  filled  with  dnder  concrete.    When  set  and  the  m 

*  Trans.  Am.  See.  C.  E.,  1907,  Vol.  LDC,  page  505. 
t  Traos.  Am.  See.  C.  £.,  Vol.  LVI,  page  S84. 
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he  reiuk  was  a  hollow  cylinder  of  cinder  concrete,  i  in  thick  and  j 
ilh  the  column-wrapping  attached  to  (hi  inside.  Theje  cylinders 
oe  over  the  other  in  the  building  till  the  proper  column-height  was 
ich  vertical  rods  a!  were  wanted  were  put  in,  and  the  interior  filled 
tete.  Thus  was  produced  a  fire-proof,  wrapped  column,  without 
d  iDcoovenience  of  any  cohimo-molds  in  the  building. 
i[  fiiT-prolection,  advoraled  by  the  National  Fire  Proofing  Company 
gh.  Pa.,  is  shown  in  Fig.  36.    Here  columns,  beams,  and  girders  are 
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ooised  wiUi  iiollow-tiu:  blocks.  Being  either  laid  in  the  raoldi 
hem.  tbdr  rough  and  funuwed  porous  surfaces  cause  them  to  adhere 
:  concrete.  They  afford  as  efficient  protection  here  a^  they  do  for 
s,  and  if  destroyed  the  bloclu  can  be  replaced. 
AggregBtc  an  Fir«-B«>iii«nce.  Fire  tests  on  full-size  reinforced- 
imns,  cnnducled  by  Walter  A.  Hull  at  the  Pittsburgh  laborBIoiies  d 
if  Standard!,  show  that  tbe  nature  of  tbeaggregaieplaysanimpat- 
resistance  to  fire.  Silicious  gravels  appear  to  make  unsatisfactory 
a  theiitaiulpoiiit  of  fiEV-resutuice.  limestone  concretes  are  superior 
eriala  tested,  including  trap-rock  and  blast -furnace  siogs-  Coatiogi 
BStcr,  I  in  thick,  and  secured  by  a  light,  met^il  latii,  protected  the 
ffet:tively  that  the  strength,  after  a  fuut-hour  tire  test,  was  asmurjh 
I  that  of  the  unpLastered  columns  alter  the  test,  and  about  90^0  uf 
ohunn  whith  had  not  boen  subjected  to  fire.  Other  form?  of  pro- 
ings  investigated  and  proved  effective,  were  a  roo&ng-raaterial  of 
lent,  sand,  and  asbestos,  and  cylindrical  forms  of  cast  gypsum,  3  in 
ind  applied  in  a  manner  similar  to  those  of  cinder  concrete  described 


•  Proe-  Am.  Soc.  tor  Test.  Hats.,  190;. 
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by  an  actual  fire  in  a  reinforced-concrete  warehouse  at  Far  Rockaway,  N.  Y, 
19 1 6.  From  this  the  conclusion  was  drawn  that  "all  concrete  sped6catio 
should  contain  a  de5nite  warning  against  the  use  of  quartz  gravel  in  concre 
liable  to  be  exposed  to  high  heat."* 

€.  Protection  Against  Corrosion  in  Reinforced-Concrete  Constmctioi 

Thickness  of  Reinforced  Concrete.  The  thickness  op  ooncrete  reqotr 
for  protection  against  fire  has  been  found  to  be  also  ample  for  protection  agaii 
CORROSION.  It  is  well  established  that  steel  embedded  in  neat  cement  will  n 
corrode.  C.  L.  Norton  of  the  Massachusetts  Institute  of  Technology,  Bost<i 
Mass.,  draws  the  following  conclusions  from  a  series  of  experiments  made 
1902  and  1903.1 

(i)  Steel  embedded  in  neat  cement  is  seaire  against  corrosion; 

(2)  Steel  embedded  in  a  dense  concrete  mixture  is  safe  against  corrosM 

(3)  To  assure  a  thorough  coating  of  the  steel  the  concrete  should  be  mixed  wi 

(4)  Porous  concrete  allows  the  admission  of  moisture  and  will  not  protect  t 
steel  thoroughly; 

(5)  A  coating  of  rust  is  not  a  protection  against  further  corrosion,  as  has  be 
sometimes  claimed. 

In  these  experiments  the  steel  was  incased  in  concrete  iH  in  thick  on  all  sidi 
From  this  it  would  appear  that 

(6)  The  steel  of  reinforced  concrete  is  secure  against  corrosion,  ixt>vided  it 
thoroughly  embedded  in  concrete,  and 

(7)  A  slight  coating  of  rust  on  the  steel,  where  embedded,  does  no  ban 
as  the  cement  is  strongly  alkaline  and  will  counteract  the  acidity  of  the  in 
oadde  and  prevent  further  corronon. 

"In  practical  design  the  most  important  question  which  arises  is  how  f 
a  concrete  may  be  cracked  (due  to  bending  of  beams)  without  exposing  the  sti 
to  corrosive  influences.  In  this  respect  it  seems  to  the  writer  that  the  mina 
cracks  which  appear  in  the  early  states  of  the  tests  can  have  very  little  i 
fluence.*'  %  This  means  that  within  the  safe  working  limits,  there  is  no  danfl 
from  corrosion  on  account  of  the  flne  cracks  due  to  tension  in  beams  and  giida 

Corrosion  of  Steel  in  Cinder  Concrete.  Cases  are  on  record  of  serio 
CORROSION  OF  STEEL  embedded  in  cinder  concrete.  In  a  report  to  the  Stit 
tural  Association  of  San  Francisco,  Cal.,(  the  committee  investigating  tbe  si 
ject  states  that  in  dnder  concrete  "the  extent  of  the  corrosion  is  great  cno^ 
to  seriously  endanger  the  safety  of  the  floors,  and  it  is  not  probable  that  i 
floors  would  have  supported  their  loads  more  than  one  to  three  years  longei 
The  oonmiittee  recommended  "that  the  Structural  Association  try  to  ama 
the  present  building  law  so  as  to  exclude  the  use  of  cinder  concrete  in  floi 
slabs  or  for  firepioofing." 

Mr.  William  H.  Fox  in  lus  investigations  D  on  this  same  subject  finds  tl 
"  after  about  forty  days'  treatment,  the  specimens  were  broken,  and  the  sli 
carefully  examined  for  corrosion.  With  but  one  exception,  one  or  more  of  t 
three  steel  pieces  in  each  specimen  showed  unmistakable  signs  of  coirusii 

•  Report  to  National  Board  of  Fire  Underwriters,  on  the  fire  in  question. 
t  Reiwrts  Nos.  4  and  9,  Insurance  Experiment  Station  of  the  Bo«t<m  Manafacta 
Mutual  Fire  Insurance  Company. 

t  Professor  Tumeaure  in  Trans.  Am.  See.  for  Test.  Mats.,  Vol.  IV,  pi«e  SQS* 
I  Engineering  News,  Nov.  i,  1906,  page  458- 
it  Engineering  News,  May  23*  I907i  page  569* 
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'  it  nmde  no  <Uff ere&ce  how  tlie  concrete  was  mixed,  wet  or  d 
id,  whether  the  steam  or  water  treatment  was  iised,  the 
rust  streaks  and  spots  were  found;  the  di£Eerence  in  the 
dng  imperceptible."  He  concludes  that  "to  secure  a  d 
ider  ooncrete,  a  thorough  taippipg  is  necessary.  A  lie 
3  or  one  in  which  the  proportion  of  cement  to  aggregat 
sed  in  aH  cases.  The  greatest  of  care  should  be  taken  in 
nd  it  may  be  necessary  to  resort  to  the  seemingly  impracti 
he  reinforcement  with  grout  before  placing  in  Uie  concret 
s  of  chemical  and  physical  tests,*  made  by  George  Boi 
ity  of  Nebraska,  it  was  found  that  disintegration  of  dnd 
by  the  oxidation  of  iron  and  sulphur  producing  inten 
lent  cracking  with  occasional  efflorescence  of  ferrous  sulpl 
nom  these  tests,  it  was  concluded  that  cinders  with  mut 
e  sulphur  are  likely  to  give  unsatisfactory  results,  espedt 
e  or  porous  material  present;  also  that  such  material  (cL 
1  if  allowed  to  weather  with  occasional  washing,  until 
Jphur  have  been  washed  and  leached  out  of  the  dnc 
I  in  these  tests  were  from  carefully  screened  steam  coal 
1  showed  considerable  ferrous  iron  and  sulphur  as  sulphi 

lestion  of  the  corrosion  at  steel  in  cinder  concreti 
ludes:  "There  is  one  limitation  to  the  whole  question, 
f  getting  the  steel  properly  incased  in  concrete.  Man: 
thing  to  do  with  concrete  because  of  the  difficulty  in  getti 
i  is  especially  true  of  cinder  concrete,  where  the  porou 
lias  led  to  much  dry  concrete  and  many  voids,  and  mud 
nothing  in  this  whole  subject  has  been  more  misundei 
f  cinder  concrete.  We  usjally  hear  that  it  contains  mi 
les  corrosion.  Sulphur  might,  if  present,  were  it  not  for  t 
;ly  alkaline  cement;  but  with  that  present  the  corrosi 
ur  of  dnders  in  a  sound  Portland  concrete  is  the  veriest 
»f  fact  the  ordinary  dnders,  classed  as  steam  dnders,  cor 
nount  of  sulphur.  There  can  be  no  question  that  cind 
eat  quantities  of  steel,  but  not  because  of  its  sulphur,  1 
too  dry,  through  the  action  of  the  cinders  in  absorbin 
ontained,  therefore,  voids;  and  secondly,  because  in  a 
contain  oxide  of  iron  which,  when  not  coated  over  with 
ret  mixing,  causes  the  rusting  of  any  steel  which  it  toud 
id  only  one,  mix  wet  and  mix  well.  With  this  precauti 
x>ncrete  quite  as  quickly  as  stone  concrete  in  the  ma 

i  Pabst  Building  in  New  York  City,  an  eight-story  st< 
was  taken  down  after  standing  for  about  four  yeirs. 
a  the  steel  I  beams  in  this  case  consisted  of  dnder  < 
[ilt  in  segmental  form.t  The  steelwork  generally  wais  1 
t,  though  it  should  be  remembered  that  all  the  stee 
iking  all  things  into  consideration  it  is  probably  safe  to 

rndostml  and  Engineering  Chemistry,  June,  zgxs- 

9,  Insurance  Experiment  Station,  Boston  Manufacturers  ] 
May. 

stem,  now  obsolete. 
Soc.  C.  E.,  Vd.  L,  page  997. 
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Cb^. 


concrete,  if  care  is  taken  to  provide  a  proper  mixture  and  careful  and  thoroni 
workmansbip. 


7.  Eraction  of  Reinforcad-Coocrata  Caoatmctioii 

Forma  for  Rainfarcad  Conerata.  For  the  election  of  ranforoed  concnl 
it  is  generally  necessary,  6nt,  to  construct  holds  or  ckktekings  for  the  a 
umns,  floors^  etc  Wood  is  the  material  used  for  this  purpoae.  Sheet>ine!| 
ccntenns  has  been  used  ¥dth  questiooable  success  and  eoooomy.  In  tbe  ach 
tion  of  the  wood  for  the  molds  a  dean  grade  of  dressed  pine  should  be  usi 
It  should  be  thidc  enough  to  resist  warping  and  to  resist  deflection  between  sa 
ports.    It  must  be  coated  on  ita  suifaoe  with  aoap  or  some  other  aatisfacte 


Fig*  27.    Woodeo  Fonn  for  Ileinforoed'<coDcrete  Coluaan 


substance  to  prevent  it  from  sticking  to  the  concrete.  The  forms  or  molds  im 
be  erected  carefully,  the  exact  size  of  the  proposed  parts,  and  must  be  tn^ 
position  and  direction.  For  floor-molds,  sufficient  supports  must  be  pto\i4 
not  only  to  carry  safely  the  heavy  wet  concrete,  but  ako  such  materiais  as  { 
Hable  to  be  placed  on  the  floors  up  to  the  time  when  the  concrete  has  set  m 
dently  to  carry  such  loads.  The  supports  must  have  sufficient  ri^dity  to  ptem 
deflection  in  the  molds.  The  molds  should  be  so  constructed  that  they  i 
be  easily  nmoved  when  the  concrete  has  set.  Sharp  comers  should  be  avt^ 
as  much  as  posable,  as  the  wood  is  liable  to  stick  in  them.  Where  there  j 
reentrant  angles  in  the  finished  concrete-work,  the  molds  should  have  faev^ 
edgcR,  and  at  salient  edges  of  the  finished  conoete-work,  triangular  etripft  sbvi 
be  nailed  in  the  comers  of  the  molds  to  produce  a  beveled  edge  in  the  cnncK 
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:  the  spmaSsig  of  the  tides  of  the  molds,  cleats  must  be  proYided  at 
intervab.  In  the  case  ol  beams  and  gifxkrs,  these  are  gen- 
ed  by  naifing.  In  the  case  of  columns  and  piers  axKl  often  in  walls, 
aie  so  notched  at  the  ends  that  long  bolts  with  washers  may  be 
I  them  fai  place,  as  shown  in  Fig.  27.  In  remo>ving  the  form  the  bolts 
I  and  the  deats  and  the  rest  of  the  form  are  ready  to  use  again.  In 
paitkufauiy  in  the  oonstniction  of  walls,  the  cleats  are  held  in  plaos 
moing  through  the  mold.  These  wires  become  embedded  in  tho 
i  in  removing  the  molds  they  are  cut  and  the  portions  in  the  <xm- 
owed  to  remain.  The  items  of  molds  and  centerings  needed  in  the 
einforced-ooncrete  buildings  form  a  considerable  part  of  the  cost  of 
I.  EoonoinK  in  this  respect  can  he  aflected  in  deaigniog  and  planning 
he  floor-iKUiKels  throughout  a  building  uniform  in  sise  and  by  repeat* 
5  possible,  such  parts  as  piers,  walla,  etc.  Successful  attempts  have 
>  dispense  with  the  erection  of  timber  molds  and  centering  by  casting 
members  of  the  construction  on  the  ground  and  assembling  and 
n  in  the  same  way  that  wood  or  steel  columns,  beams,  and  floors  are 
id  erected.    (See  page  953.) 

Ifijdttg,  In  aO  reinforced-concrete  work  the  concrete  should  be 
AKiCALLY.  Satisfactory  hand-mixing  can  be  obtained  and  might  be 
B  veiy  small  jobs,  where  it  would  be  uneconomical  to  set  up  a 
ER.  But  a  much  more  tiniform  product  will  resiUt  from  machine- 
nost  types  of  mixers  are  mounted  on  wheels  so  as  to  he  easily  moved 
ecfaanical  mixers  are  either  continuous  mixers  or  batch^mixers. 
jous  mixers  the  materials  are  fed  sometimes  by  hand  and  sometimes 
,  and  the  concrete  issues  continuously.  The  product,  however,  is 
be  as  uniform  as  that  from  the  batch-mixer;  for  when  tbe  latter 
inder  constant  supervision,  whereas  when  the  continuous  mixer  is 
bine  is  relied  upon.  Of  the  batch-mixers  tbe  rotary  twe  is  the 
lost  ge&feral  satisfaction.  Among  the  efficient  eiamples  of  this 
mentioned  the  miaere  made  by  the  Ransome  Concrete  Machinery 
meilen.  N.  J.,  and  the  T.  L.  Smith  Company,  Chicago,  lit  They 
liferent  sfiaes  and  ?nth  capacities  varying  from  about  10  to  60  cu  yd 

^ncrete-Miien .  In  charging  a  concrete-mixer  the  materials 
,  caivfully  measured,  are  dumped  into  the  mixer  and  the  machinery 
r  completing  a  definite  number  of  revolutions,  sufficient  to  thor- 
le  ingredients,  the  concrete  is  disdiaiged  into  wheelbarrows  or 
Ats  for  carrying  it  to  the  molds.  Each  batch  should  be  completed 
is  started.  To  obtain  uniform  results  the  number  of  revolutions 
on  should  be  the  same.  It  is  not  well  to  trust  to  tbe  judgment  of 
uige  of  the  machine,  as  to  when  the  mixing  has  been  thorough. 
istmcted  to  count  the  revolutions  each  time.  A  good  plan  is  to 
prfaich  rinss  when  the  fixed  number  of  revolutions  has  been  com- 
mode of  the  National  Board  of  Fire  Underwriters  calls  for  "at 
icms*"  and  tbe  "speed  of  the  mixer  shall  not  exceed  20  revolutions 

ete  Mizttire.  The  water  is  introduced  during  the  process  of 
imount,  also  measured,  should  be  such  as  to  produce  what  is 
'  iciXTUBS,  that  is,  a  mixture  that  has  the  consistency  of  molasses 
idily  flow  around  and  thoroughly  incase  all  steel  to  be  embedded. 
ssary  to  vary  the  amount  of  water  somewhat  in  placing  a  large 
te,  as  in  walls,  since  the  water  generally  works  itself  upward 
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through  the  successive  layers.  For  transporting  the  concrete  from  '■ 
mixer  to  the  mold,  steel  wheelbarrows,  each  holding  about  3  cu  it,  are  genen 
employed.  A  larger  vehicle,  holding  about  6  cu  ft,  is  made  by  the  Ranso 
Concrete  Machineiy  Company,  Dunellen,  N.  J.,  and  is  found  very  economi 
in  larger  work.  When  the  conditions  will  permit,  concrete  may  also  be  disti 
uted  by  means  of  chdtes,  but  care  must  be  exercised  to  secure  a  conaasts 
that  will  prevent  the  separation  of  the  coarse  aggregate  from  the  mortar.  1 
transporting  through  the  chutes  may  be  done  either  by  gravity  or  by  a 
pressed  air.  Tests  have  shown  that  an  excess  of  water  tends  to  decrease 
strength  of  concrete,  so  that  care  must  be  taken  not  to  use  more  water  thai 
necessary  to  place  the  concrete  properly. 

Pouring  the  Concrote.  Ideal  conditions  would  obtain  if  the  prooeai 
PLACING  CONCRETE  could  be  COMT1NT70X78.  This  is  not  generally  piacticd 
so  it  is  important  that  the  point  at  which  work  is  stopped  each  day  shaQ  bi 
selected  and  predetermined  that  the  strength  of  the  oonstnictum  shall  so 
least.  In  smaller  buildings,  with  floor-areas  not  exceeding  about  3  000  sq  fl 
should  be  possible  to  so  arrange  the  progress  of  the  work  that  each  entire  fl 
construction  may  be  placed  in  one  day.  In  larger  work  it  is  neceasaiy  to 
off  a  certain  area  to  be  completed  within  the  time  of  concreting  for  the  i 
Work  should  not  leave  off  across  important  beams  or  girders,  and  the  ten 
rary  stopping  should  be  arranged  for  when  the  work  is  at  the  middle  of  i 
or  minor  floor-beams.  If  any  parts  of  floor-slabs  are  considered  in  the  calo 
tions  for  the  strength  of  the  beams  or  girders,  such  parts  must  be  conai 
at  the  same  time  and  must  be  oonadered  parts  of  such  beams  or  px^ 
Joints  in  oohimns  should  be  made  perpendicular  to  the  axes  of  the  oohn 
and,  as  far  as  possible,  at  the  lower  side  of  girders.  Columns  should  be  alio 
to  set  for  at  least  two  hours  before  girders  are  cast  on  them,  in  order  to  pro 
for  settlement  and  shrinkage.        ^ 

Pamming  fho  ConcTOto.  As  soon  as  the  concrete  has  been  poured  inUi 
molds,  and  during  the  process  of  pouring,  it  should  be  oontinuany  ramhe 
secure  complete  filling  of  the  molds,  density  in  the  finished  product,  and  I 
ough  adhesion  to  the  reinforcement.  In  wet  concrete,  such  as  is  used  for  b 
ings,  this  ramming  should  be  done  with  a  flat  steel  spatula  at  the  end  of  a  fai 
long  enough  for  comfortable  manipulation.  For  column-work  the  handl 
lengthened  out  so  as  to  reach  to  the  bottom  of  the  forms.  Ordinary  sp 
are  sometimes  employed,  and  where  no  special  tools  are  provided,  rammec 
sometimes  made  of  2  by  3-in  scantlings,  rounded  off  at  the  top  end  toi 
a  handle.  Where  a  smooth  surface  is  desired  the  q^tula  ranuncr  shod 
used,  particularly  at  the  sides  of  the  molds.  The  honeycombed  appe« 
that  results  from  improper  ramming  is  difficult  to  remedy  afterward  withi 
surface  of  patches.  After  having  been  placed,  the  concrete  should  be 
damp  by  sprinkling  it  with  a  hose  \mtil  it  has  thoroughly  hardened.  The 
ping  of  the  forms  with  a  hammer  while  the  concrete  is  still  plastic  and  befi 
has  begun  to  set  will  cause  it  to  flow  more  freely  into  place  in  intricate  fom 
around  reinfordng-bars,  especially  when  a  dryer  concrete,  recommence 
recent  investigators,  is  used.  Tapping  after  it  has  started  to  set,  however.  * 
to  weaken  the  concrete.* 

Removing  the  Forms  from  Reinforced  Concrete.  No  fixed  rule  a 
given  for  the  removal  op  the  forms,  as  the  time  required  for  the  setti 
concrete  varies  with  the  consistency  of  the  mixture,  and  the  climatic  and 

•See  "Effect  of  VibnitioM,  etc.,"  by  DufT  A.  Abrams,  Proc  Am.  Conctete 
VoL  XV.  1979 
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,  Numerous  failures  of  reinforced  concrete  have  been  attributed  to 
br  removal  of  forms.  In  irann  weather  concrete  wiU  set  more  quick^ 
d.  The  setting  process  may  be  somewhat  accelerated  after  a  day  or 
noving  the  boards  f omung  the  sides  of  beams  or  girders  and  leaving 
ks  cm  the  underside  and  the  props  supporting  them.  In  cold  weather 
ible  to  wami  the  building  during  the  setting  process  by  means  of 
s. 

jah  of  Concrete  SorfacM.  The  exposed  sukvacss  of  concrete 
ariousbr  treated  in  attempts  to  produce  a  satisfactory  appearance, 
pedal  provision  is  made,  the  marks  of  the  lumber  used  in  the  forma 
certain  to  show,  and  the  lines  of  demarcation  between  successive 
dearly  defned.  To  eliminate  these  Imes,  grooves  are  sometimes 
>rm£d,  by  tacking  on  the  aides  of  the  mokis  triangular  or  trapezoidal 
>roduoe  sunk  joints  in  the  wall,  and  give  it  an  appearance  resembling 
le.  The  successive  layers  of  concrete  aro  in  such  cases  stopped  at 
BO  that  the  junction  of  the  two  layers  is  hidden.  In  some  cases 
s  purposely  left  rough  and  scratched  Hke  the  scratch-coat  in  plaster- 
91  stuccoed  with  a  neat  cement  or  a  rich  cement  mortar.  In  this 
th  there  is  always  some  danger  that  the  stucco  will  flake  off.  The 
t  comes  from  the  mold,  is  sometimes  hammer-dressed,  or  rather 
a  special  hammer.  This  hammer  has  an  edge  at  right-angles  to 
tnd  the  edge  is  indented  and  made  a  series  of  points.  A  roughened 
xoduoed  which  in  time  shows  a  uniform  texture.  Another  method 
the  forms  as  soon  as  the  concrete  is  sufficiently  hard  and  to  rub  the 
a  plasterer's  float  or  a  bk)ck  of  carborundum,  concrete,  or  stone, 
grout  or  fine  sand  with  plenty  of  water  between  the  float  and  the 
Brushing,  also,  may  be  resorted  to,  consisting  in  scrubbing  the 
i  still  green,  with  a  wire  brush,  and  a  mixture  of  one  part  of  hydro- 
to  six  parts  of  water.  A  similar  finish  may  be  obtained  by  sand- 
*  the  concrete  has  thoroughly  hardened. 

ih  of  Reinforced-Concrete  Floors.  If  the  floor-stttifaces  are 
nered  with  a  wooden  flooring,  a  satisfactory  finish  may  be  obtained 
rer  the  surface,  before  the  concrete  has  had  time  to  set  thoroughly, 
sh  from  i  to  iH  in  thick,  and  troweling  to  make  it  smooth  and 

finbh  is  attempted  after  the  concrete  has  set,  the  new  and  the  old 
bably  not  bond;  and  there  is  always  danger  of  flaking  off  unless  the 

of  considerable  thickness. 

>ld  smd  Kew  Concrete.  Various  fluids  and  special  cementitious 
e  been  put  on  the  market  for  the  purpose  of  bonding  new  and  old 
UPACES.  Whether  or  not  these  materials  have  any  spedal  merits, 
•rally  accepted  that  a  good  rich  cement  mortar  will  form  sufficient 
I  two  concrete  surfaces,  providing  the  surfaces  are  dean.  If  the 
E»H£SSivE,  the  old  surface  of  the  concrete  should  be  cleaned  and 
surface  may  be  roughened.  Joints  which  are  subject  to  tension 
:ed  with  ai:iHorai:2  cement  mortar  before  the  new  concrete 
jilding  walls  which  must  be  water-tight,  the  structure  should  be 
rsic.  And  if  it  cannot,  all  dirt  and  laitance  should  be  removed, 
er  of  very  rich  mortar  placed. 

of  Reinf  orced-Concrete  Work.  In  all  reinforced-ooncrete  work 
ae  importance  to  have  competent  and  thorough  inspection  or 
MCE.  The  inspector  should  be  familiar  with  the  nature  and  qual- 
ferent  materials  entering  into  the  construction.    He  should  have 


966  Reinf orced'Conciete  Construction  Chap.  2 

a  knowledge  of  tbe  underlying  principles  of  the  design  of  reinforced-concn< 
structures,  so  that  he  may  realize  the  importance  of  carrying  out  aU  thedetal 
and  particulariy  of  placing  the  reinforcement  exactly  as  planned.  He  must  I 
suffidentty  alert  and  active  to  see  that  the  work  of  the  contractor  is  progiesso 
properly;  so  that,  for  instance,  work  shall  not  have  to  be  rebuilt  because  of  era 
in  the  forms.  The  uaxkuals  used  in  tbe  construction,  particularly  the  conai 
should  be  tested  as  the  work  progresses.  Cubes  of  the  concrete  as  used  shod 
be  made  up  each  day  and  at  the  end  of  seven  da-yt  should  be  tested  for  oa 
pressioD,  and  if  necessary  again  at  the  age  of  twenty  eight  days.  This  reoM 
will  serve  as  a  guide  in  the  acceptance  of  the  work,  or  in  deciding  on  the  nece 
sity  for  a  load  test  of  the  finished  structure.  Under  no  drcumstanoes,  howevn 
should  it  replace  or  serve  as  an  excuse  to  omit  the  testing  of  the  oemcnt  upi 
delivery  or  before  acceptance.  In  addition  to  the  details  discussed  in  tl 
chapter,  details  which  require  the  attention  of  the  inspector  on  the  woik.  a  it 
others  may  be  especially  mentioned  here: 

(i)  In  JOINING  NEW  WORK  with  that  which  is  already  in,  and  which  has  begi 
to  set,  the  surface  must  be  thoroughly  cleaned  and  wet.  In  stopping  c^  iraik. 
is  good  practice  where  possible,  to  cast  a  groove  in  a  surface  that  is  to  be  joim 
with  another,  so  that  when  the  work  is  afterward  continued*  a  tongue-aD 
groove  junction  is  effected. 

(2)  All  foiuis  or  MOLDS  must  be  carefully  cleaned  out  just  before  the  ooncn 
is  poured.  Tlie  bottoms  of  the  column-molds  must  be  especially  watcbed  1 
this»  as  shavings,  sawdust,  and  even  blocks  of  wood  are  liable  to  fall  into  thil 
unobserved.  It  is  well  to  leave  oS  a  small  piece  of  one  side  of  the  oniumn-m 
at  the  bottom,  for  purposes  of  observation  and  cleaning,  and  to  dose  it  iqi  ji 
before  pouring  the  concrete. 

(3)  Great  care  should  be  exoerised  in  pousino  and  raioono  concrete  in  dc 
molds,  such  as  for  columns,  walls,  etc.,  in  order  to  get  the  molds  thorough 
filled  at  the  bottom.  In  careless  work  it  is  not  unusual  to  find  in  such  plai 
very  porous  concrete,  if  not  large  pockets.  This  is  particularly  liable  to  001 
when  there  is  considerable  reinforcing-steel  in  the  construction. 

(4)  It  should  be  remembered  that  concrete  shrinks  in  setting.  HoDow  spai 
at  the  tops  of  columns  are  sometimes  found  to  be  due  to  this  cause.  As  th 
are  not  always  observable  from  the  outside  after  the  forms  are  renaoved,  gn 
care  should  be  exercised  to  guard  against  them.  In  pouring,  therefore,  I 
molds  should  be  filled  to  overflowing  to  the  top  of  deep  molds. 

(5)  The  exact  position  of  the  rdnfordng-steel  in  the  concrete  is  of  sudi  ^ 
importance  that  particular  mention  is  again  made  of  it  here.  In  loose-bar  a 
struction  the  greatest  care  must  be  exercised,  in  the  first  place,  to  have  the  re 
forcement  carefully  placed,  and  then  to  avoid  its  being  shifted  out  of  posit 
by  the  pouring  and  the  ramming  of  the  concrete. 

(6)  The  reinforcing-steel  of  those  sjrstems  in  which  the  advantage  of 
tadied  stirrups  is  churned,  is  often,  for  convenience  in  shipping,  sent  with  * 
stirrups  laid  flat  or  close  to  the  main  bar.    It  is  intended  that  in  plac 
them  on  the  job  the  stirrups  shall  be  turned  up  to  their  proper  positions.    Ud 
carefully  inspected,  this  is  liable  to  be  neglected. 

(7)  The  use  of  a  unit  type  of  construction  (see  page  922)  practically  obvia 
these  two  last-mentioned  dangers,  as  the  entire  reinforcement  comes  framed 
geiher,  so  that  the  relative  positions  of  reinforcing-rods  or  bars  cannot  be  r^ay^ 
and  a  glance  will  show  whether  the  frame  is  complete  or  has  been  damaged,  a 
when  placed  in  the  molds,  whether  it  fits  or  not.  In  this  t3T)e  of  construct 
the  parts  are  all  assembled  in  the  shop  from  details  carefully  drawn  and  check 
in  much  the  same  way  that  steel  beams,  girders,  columns,  etc.,  are  fabricated  fi 
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p  drawings.    The  work  of  the  inspector  or  superiotendent  on  the  job 
!i  simplified,  and  hence  the  liability  of  error  reduced  to  a  minimiun. 

Its  on  Reinforced-Concrete  Coortrkicti^n.  Load  tests  on  the 
cture  should  only  be  resorted  to  when,  all  reasonable  care  having 
ad  to  obtain  good  resuHs,  some  doubt  atitt  eiists  as  to  the  xesults. 
lowever,  should  not  be  accepted  in  place  of  a  strict  compliance  with 
dons.  The  architect  should  know  beforehand  that  his  building  is 
igned  and  safe,  and  should  employ,  if  necessary,  an  engineer.  The 
lould  understand  at  the  outset  that  the  structure  has  been  designed 
iefinite  purix>ses  and  loads,  and  that  the  materials  and  details  of 
specified  are  not  to  be  changed.  If  the  contractor  furnishes  the 
;  sometimes  does,  a  practice  thoroughly  condemned,  the  architect 
ribe  in  his  specifications  that  such  design  shall  be  checked  and 
an  engineer  appointed  by  him.  A  fair  load  to  be  applied  in  a  test  is 
sveight  of  the  construction  plus  one-and-one-half  times  the  working 
he  stresses  in  the  construction  are  then  equal  to  one-and-one-half 
rking  stresses  assumed  in  designing.  Under  these  conditions  there 
e  any  evidences  of  distress,  and  the  deflections  should  not  exceed 
I.  The  material  used  for  the  load  test  should  be  so  selected  and 
vhen  uniformly  distributed,  as  required,  it  will  not  arch  and  assbt 
ive  strength  of  the  beam  or  floor.  Pig  iron  is  a  very  good  material 
ks  are  more  generally  available,  but  must  often  be  piled  very  high 
quired  load,  consuming  much  time  and  labor  in  making  the  test, 
are  used  they  should  be  set  in  vertical  piles  with  spaces  of  2  or  3  in 
1,  thus  avoiding  all  arching  of  the  load. 


968     Reinforced-Concrete  Factory  aad  Mill-Constructioii    Chap. 


CHAPTER  XXV 

BEINFOBCia>-CONCEETE  FACTOBT  AND  BOLI^ 

CX>NSTBUCnON  * 

By 

EMILE  G.  PERROT 

ICEMBER  OF  AMERICAN  SOCIETY  OF  CIVIL  ENODIEEBS 

G«n«nl  Principles.  The  problem  involved  in  the  proper  design  of  a  n 
forced-concrete  factory  or  mill  is  a  far  more  difficult  one  than  might  app 
from  a  superficial  examination  of  the  finished  structure.  This  applies  to  boi 
ings  constructed  wholly  or  in  part  of  reinforced  concrete,  and  is  due  to  the  f 
that  maximum  economy  and  efficiency  in  production  can  only  be  oblan 
when  the  building  is  thoroughly  adapted  to  a  given  occupancy  and  use.  Laym 
and  even  some  architects,  look  upon  the  factory  as  a  mere  workshop,  consist 
of  four  walls  with  floors  and  roof.  To  them  it  seems  an  easy  matter  to  loc 
the  structure  with  reference  to  the  lot  or  site  and  then  supply  it  with  stairwa 
elevators  and  kindred  features.  This,  however,  is  not  the  case.  Each  indus 
ases  processes  peculiar  to  itself.  The  ease  with  which  these  processes  can 
.employed  renders  the  profit-making  more  or  less  successful;  hence  it  is  nee 
3ary  to  design  the  building  to  suit  them.  However,  as  the  purpose  here  is 
explain  what  constitutes  proper  design,  as  applied  to  the  reinforced-concf 
construction  of  a  factoiy  or  mill-building,  a  typical  case  will  serve  to  make  dk 
the  principles  involved.  This  chapter,  therefore,  deals  with  such  general  tyi 
as  would  seem  to  meet  the  needs  of  the  greatest  number  of  persons. 

Walls,  Floors  and  Roofs.  Reinforced-concrete  construction  may  be  n 
for  walls  and  floors,  or  for  floors  and  roofs  only,  in  the  latter  case  subatitut 
for  reinforced-concrete  walls  some  masonry  construction  sudi  as  brick  or  sta 
It  is  not  always  advisable  to  use  reinforced  concrete  for  walls.  Circumstaa 
very  frequently  arise  in  which  it  is  more  suitable  and  economical  to  use  be 
walls  or  piers. 

Types  of  Floor-Constntction.  The  floor-constructioa  may  be  dxvii 
into  two  general  types,  the  beam-and-slab  type  and  the  girderlsss  ty 
The  beam-and-slab  type  may  in  turn  be  divided  into  varieties.  For  f-»*wiplf 
may  consist  of  beams  supported  by  colunms,  with  slabs  spanning  from  beam 
beam.  This  arrangement  corresponds  to  simple  mill-construction  in  wood,  wli 
the  heavy  timbers  run  across  the  building  every  8  or  lo  ft.  The  timbeis  i 
on  the  wall  at  one  end  and  on  a  post  at  the  other,  with  3  or  4-in  splined  plai 
spanning  from  beam  to  beam.  The  earlier  types  of  reinforced-concrete  flo 
were  patterned  after  this  system.  The  next  method  was  the  introductioB 
girders  running  from  column  to  column,  and  the  placing  of  the  columns  fart 
apart,  say  twice  the  distance  common  to  the  former  sjrstem.  The  beams 
spaced  as  formerly.  This  may  be  called  the  beam-and-oukdek  system.  S 
another  variation  of  the  beam-and-slab  type  is  the  squake-panel  system, 

*  For  Concrete  in  general  and  Mass-Concrete,  see  Chapter  HI,  paces  940  to  1 
for  Strength  of  Concrete  without  Reinforcement.  Chapter  V,  pages  383  to  287;  1 
for  Reinforced-Concrete  Construction  in  General,  see  Chapter  XXIV,  the  paiasrapfa 
which,  corresponding  to  the  same  details  discussed  here,  should  also  be  read.  See,  a 
Chapter  XXm.  pages  8x7  and  844. 
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)eaiiu  aie  arranged  along  fotir  sides  of  a  square,  a  column  being 
idi  of  the  four  comers.  The  simplest  type  of  reinforced-concrete 
for  factories  is  some  form  of  the  beam-and-slab  type  with  walls  and 
[orced  concrete.  The  gisdesless  type  consists  of  a  heavy  flat  slab 
I  columns  without  the  use  of  beams  or  girders.  The  colunm-head 
0  form  a  large  bearing-surface  and  the  columns  are  spaced  so  as  to 
bays  as  near  as  possible.  A  tyincal  example  is  worked  out  at  the 
hapter. 

In  general,  as  few  columns  as  possible  should  be  used  to  support 

ler  that  they  may  not  interfere  with  the  placing  of  machinery,  and 

most  economical  use  of  the  floor-space.    From  the  standpoint  of 
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Fig.  1.    Cross-section  of  BuDding 

istruction,  however,  the  use  of  one  column  to  not  more  than 
or-space  has  been  found  to  meet  average  requirements.  This, 
aot  include  construction  of  a  special  class.  Adopting  this,  then, 
.  and  bearing  in  mind  the  fact  that  the  nearer  a  building  comes 
in  plan  the  less  is  the  total  length  of  exterior  wall  required  to 
area,  it  can  be  assumed  that  a  foux-story  building  75  ft  wide 
i  coiiunns,  making  three  spans  across  the  building,  is  a  suitable 
irposes.     (See  Fig.  1.) 

g  of  a  Building  of  this  width,  with  story-heights  of  14  ft, 
be  ample  for  most  purposes.  There  are  always  some  parts  of 
or  'vrhicfa  a  strong  light  is  not  absolutely  essential  and  which 
o  aisles  and  to  the  storing  of  material  in  process  of  manufacture. 
;  of  the  floor-space  is  generally  used  for  this  purpose,  while  the 
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□mchiaery  is  idaccd  nearer  tbe  vindowi  where  the  light  <i  beit  ind  where  I 
work  Is  done.  It  ii  UMwUy  better,  therefoic,  not  to  have  a  Rnr  of  oohij 
akiog  the  central  aiU  of  Che  building,  unleu  it  is  defiaitety  luunm  that  sutk 
accan^EmcDt  will  not  interfeie  with  the  proper  use  of  tbe  flooi-BTMce.  Ii 
buildiiig  75  ft  wide,  two  rows  of  columns,  with  span)  of  95  ft  uvsswise  al  I 
itiucture,  loive  the  central  part  of  tbe  floor-space  free.  Dinding  15  i 
400  an  ft,  tbe  flcxu-ipace  allowed  for  each  mliunn.  give*  16  ft  as  tbe  (GiM 
between  columns,  measuring  Lengthwise  of  the  building. 

BajB.    The  reason  in  thla  instance  [or  making  the  bays  rectangular  irati 
of  square  is  that  Chne  would  be  another  row  of  columns  if  a  square  bay  « 
I  ft  in  cither  direction  were  assumed.    This  would  be  iSais 
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Fig.  2.    Pan  Floor-plan  of  Building 

interfere  with  tbe  judidoui  ptadng  of  ntachineiy  *nd  would  result  in 
caluouia  along  the  central  axis  of  the  building.    This  is 
practice  uid  should  be  avoided,  except  when  there  is  to  be  oaiy  t 
oolunins  in  the  building, 

Kiample  of  ■  Tyjietl  Bay.  Tbe  design  of  a  typical  bay  of  the  siie  ■ 
tioned  above.  15  by  16  ft,  will  now  be  considered.  Referring  to  the  iUiuuat 
(Figs.  I  and  2),  it  is  seen  that  the  windows  occupy  the  major  portion  of  the  » 
ana.  the  M  tieing  act  much  lower  than  is  usual  in  brick  buildiogs.  TU 
done  to  avoid  the  necessily  of  the  construction  of  an  eitra-bigh  spuidicl  b* 
a*  the  lintel  over  tbe  windows  below  performs  the  double  CunctioD  of  T^lfn)m 
the  floor  and  forming  a  curtain  wall.  The  head  of  the  window  ia  cwried 
to  the  under  udc  of  the  floor-slab  to  simplify  the  oonitnictloQ  at  tbe  bM 


Design  of  a  Typical  Fioor-Syatem  ^1 

and  at  the  same  time  permit  the  window  to  extend  to  the  ceiling, 
xtudng  the  light  at  the  highest  possible  point  and  allowing  the  rays 
r  into  the  room.  The  first  beam  should  be  set  as  far  bade  as  possible 
iside  wall  and  windows,  so  that  the  angle  of  the  direct  rays  of  light 
;arly  horizontal  as  practicable.  It  will  be  found  best  to  have  the 
run  across  the  building,  bearing  on  the  walls  and  interior  columns. 
s  may  be  made  as  deep  as  economy  of  design  suggests,  as  they  run 
the  Ught-rays  and  do  not  interfere  with  the  lighting-scheme.  Again, 
'  is  relativebr  very  economical.  It  also  acts  as  a  stiffener  across  the 
Dcnsion  of  the  bmlding,  thus  increasing  the  resistance  to  vibration 
oving  machiner>'. 

'  Floor-Syttem.  The  various  elements  of  the  floor-$ystem  consist 
^rdersi  beams  and  slabs.  Each  of  these  will  be  considered  sepa- 
re  load  of  120  lb  per  sq  ft  is  ample  for  light  manufacturing  purposes. 
3ad  prescribed  by  the  Building  Regulations  of  the  City  of  Phila* 

u  The  spacing  of  the  beams  should  be  governed  both  by  economy 
construction  and  the  maximxim  distance  a  slab  will  span  while 
load  safely.  It  b  impractical  to  make  a  slab  less  than  3  in  thick. 
;ht,  with  concrete  weighing  150  lb  per  cu  ft,  is  37H  lb  per  sq  ft. 
a  I -in  cement  fintshing-ooat,  weighing  12^  lb  per  sq  ft,  to  be  laid 
:te,  the  total  live  and  dead  load  which  the  slab  must  carry,  if  it  is  3 
10  Ib+  50  lb  M  170  lb  per  sq  ft.  Referring  to  the  diagram  of  the 
einforced-ooncrete  slabs  (Fig.  18).  calculated  on  a  basis  of  the 
cnt  equaling  Wl/10,  no  curve,  is  found  in  the  3-in  diagram  for  a 
0  carry  a  load  of  170  lb  per  sq  ft.  Some  other  slab  must  be  used, 
any  the  bad. 

ReifllorMiiient.  Referring  to  the  diagram  of  the  4-in  slab  in 
(Uowing  the  6-ft  line  until  it  intersects  the  horizontal  line  opposite 
q  ft,  it  is  found  that  a  4-in  slab,  reinforced  with  0.195  sq  in  per  Iln 
in  square  bars  per  foot,  will  carry  slightly  more  than  is  required  for 
lestion.  The  total  load,  if  the  slab  is  4  instead  of  3  in  thick,  is 
q  ft,  and  as  the  i87H-Ib  line  is  the  nearest  to  this  load,  the  4-in 
d  as  above,  is  adopted.    The  reinforcing-rods  are  placed  i  in  from 

the  slab  and  are  of  sufficient  length  to  extend  over  two  spans  and 
Lch  end;  the  joints  are  made  over  the  beams  and  not  in  the  space 

(Fig.  3). 

■•  The  beams  running  from  girder  to  girder  are  considered  next 
i  Span,  center  to  center  of  girders,  is  16  ft,  and  the  distance  apart 
ing  an  area  of  100  sq  ft  carried  by  each  beam.    To  the  load  per 

182^  lb  must  be  added  the  weight  of  the  beam  itself,  which  is 

Z5  lb  p»er  sq  ft  of  floor-area,  making  a  total  of  197^  lb  per  sq  ft 
ly  the  beam.  This  multiplied  by  the  area,  100,  equals  19  750  lb. 
toment  caused  by  this  load  on  the  beam,  based  on  the  formula  M  ■• 
or  partially  restrained  beams  is  the  one  generally  used,  is  379  300 
,b  acts  with  the  stem  or  beam  to  form  a  T  beam  and  hence  is  as< 
e  oompression-flange  of  the  girder;  and  as  the  slab  is  4  in  thick,  the 
am  and  the  amount  of  reinforcement  can  readily  be  found  by  refer- 
,  which  is  the  diagram  of  the  strength  of  T  beams  having  a  4-in 
m-depth  in  the  diagram  is  the  depth  of  the  stem  below  the  slab. 
a.  opposite  the  center  of  the  space  between  350  000  and  400  000 
d  sicie,  the  depth  of  beam  that  best  suits  the  conditions  can  be 
X  the  bottom  of  the  diagram  is  given  the  total  area  ol  steel  to 
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be  used  In  the  reinfordiiK-rods.  As  the  depth  of  ■  beam  from  the  stBndpohj 
eoDomical  uae  of  material  should  be  Bbout  one-tweHth  the  span,  a  beai^ 
or  i6  m  deep  la  fouod  to  Comply  with  this  rule.  Below  the  space  where  tbel 
representing  the  14-in  depth  of  beam  Intersects  the  line  represeoting  the  be 
lug  moment,  it  is  seen  that  the  area  of  steel  necessary  is  1,8  sq  in.     Distribttt 
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this  over  four  bars,  each  bar  should  contain  0.45  sq  in.  The  area  uf  one  i^ 
square  bar  is  0^.7  sq  in,  and  hence  a  beam  14  in  deep,  reinforced  with  foui  ^\i, 
square  bars.  Is  used.  The  width  oi  the  beam  should  be  6  in.  A  safe  rail 
determine  the  width  of  the  beam-steon  is  to  allow  lU  in  of  concrete  fireproa 
on  the  sides  of  the  bats  and  arrange  the  bars  ui  two  rows,  if  tlie  beams  h 
three  or  more  bars.  The  distance  in  a  borisoDtat  directioo,  center  to  ceatc 
bars,  should  be  3%  times  the  diameter,  but  in  any  case  there  should  be  a  ' 
space  between  the  bars  hoiizontally,  to  permit  the  concrete  to  thorou^ily  jm 

AiranfMMnt  o[  the  Ban.  Assuming  the  bars  to  be  twisted,  the  dstv 
center  to  center,  ol  the  two  bars  is  1^  In.    Adding  to  this  the  diametex  tt 

bars  on  their  diagonal,  which  Is  about  t'A  m,  and  3  in  for  the  firepn>ofu^;^ 
sum  is  6  in  as  the  width  of  the  beam  required  in  this  case  (Fig.  6).  It  wooU 
perfectly  practicable  to  arrange  the  four  bars  hi  one  row  across  the  botloa 
the  beam;  but  the  width  would  have  to  be  9%  In.  wbidi  is  wider  than  id 
requirn.  An  additiooal  objection  to  the  latter  urazigement  is  that  it  rajn 
more  concrete,  thus  adding  to  the  dead  weight  of  the  construction.  II 
should  be  3  In  of  con^clc  under  the  bottom  of  the  rods  for  &reprc>o&iw_ 

\indth  of  Beun.  Of  course,  the  width  of  the  beam  must  be  sufficed 
permit  easy  pouring  of  the  concrete.  Where  wooden-box  forms  are  used,  1 
not  good  practice  to  make  beams  narrower  than  6  in.  If  the  beam  is  very  4 
say  36  in.  6  In  would  be  too  narrow  a  width  hi  iriilch  to  [^ace  the  sted ! 
clean  out  the  beam-fomu.  Practical  considerations  very  frequently  Ml 
the  width  of  beams. 
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There  should  be  in  each  beam  and  girder  a  sufficient  number  of 
ie  of  at  least  9i<-in  round  bars,  bent  U-shaped,  run  under  the 
and  extended  up  into  the  slab  with  an  angle<bend  6  in  Jong.  If 
(irder  is  short  and  excessively  deep,  %-m  round  or  heavier  stirrups 
d.    The  function  of  stirrups  is  to  unite  mechanically  the  slab  to 

that  perfect  T-beam  action  will  result,  and  also  to  assist  in  the 
DIAGONAL  TENSION  or  SHEAR  as  it  is  oommonly  called.  The  num- 
s  in  a  beam  should  be  approximately  one  for  each  foot  of  the  span, 
ter,  but  the  spacing  ^ould  be  as  stated  below.  Thus,  a  i6-ft 
have  not  less  than  sixteen  stirrups,  that  is,  eight  on  each  side  of 
c. 

jMiciiig  for  Distributed  Loads.    For  beams  with  distributed 
nips  are  to  be  spaced  so  that  the  minimum  distance  between  them 

in  ordinary 
le  maximum 
nore  than  36 
iddle  of  the 

half  of  the 

be  divided 
ports.  The 
ist  the  sup- 
€X>ntain  ap- 
>ne-half  the 
nips  allotted 
he  beam,  or 
i  total  nimi- 
idle  division 
in  one^sixth 
her,  and  the 

to  the  cen- 
twelfth  the 
as  shown  in 
;  distribution 

out  evenly 
rhich  comes 

this  should 
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Fig.  4.    Section  Showing  Elevation  of  Beam 


idng  for  Concentrated  Loads.  When  there  are  concentrated 
rupa  should  be  designed  to  suit  the  loading,  but  in  any  case, 
equal  to  about  one-fifth  the  span  from  each  end,  the  stirrups 
xd  at  least  from  4  to  6  in  on  centers.  A  good  rule  to  follow  is 
Ide  of  safety  and  to  put  in  plenty  of  stirrups,  if  the  determination 
unber  is  in  doubt,  as  there  should  be  a  sufficient  number  of  them 
tart  of  the  diagonal  tension  not  safely  resisted  by  the  concrete. 

gennemt  of  the  Bars  in  the  Beam  is  shown  in  Fig.  4.  The 
\  are  bent  upwards  near  the  supports  to  resist  the  negative  bending 
I  causes  tension  at  the  top  of  the  beam  near  the  supports.  These 
tend  into  the  next  span  at  least  30  in  to  form  a  tie.  As  rein- 
:  is  of  a  monolithic  diaracter,  it  is  necessary  to  introduce  metal 
the  concrete  is  subjected  to  tensile  stresses.  While  it  is  not 
rovide  as  much  steel  at  the  top  of  the  beam  over  the  supports  as 
'  restrained  beams  gives^  if  50%  of  the  area  in  the  beam  is  carried 
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to  the  top  and  over  the  supports,  as  ^own  in  the  iUustration,  the  beam  will  I 
perfectly  safe  when  calculated  o&  a  basis  of  M  equaJlng  Wl/io.  In  vmc 
beams  must  be  calculated  oo  the  basis  of  Af  ■•  Wl/S.  Then  it  is  oaiy 
sary  to  have  about  one-fourth  the  number  of  the  bars  bent  up  near  the  support 
These  bars,  however,  should  extend  at  least  30  in  beyond  the  center  of  ti 
girder  or  column  to  tie  the  building  together. 

For  Simple   Beams  with  Uniformly  Distributed  Loads,  all  rods  f 

60%  of  the  span  should  be  straight  and  the  truss-rods  should  bend  up  from  tl 
points  so  determined. 

For  Beams  or  Girders  with  Concentrated  Loads,  aU  bars  are  run  straigl 
as  far  as  the  concentrated  loads  esctend.  Beyond  these  loads,  towards  the  si^ 
ports,  one-half  the  number  of  bars  may  be  bent  up  as  above. 
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Fig.  5.    Elevation  of  Girder  and  Flans  of  Colunm-Footings 


The  Girders.  The  girders  nmning  across  the  building  are  *^^'^5^t1*t^ 
basis  of  carrying  their  own  weight  as  a  uniformly  distributed  load 
centrated  loads  at  the  points  where  the  beams  frame  into  them.  Referring 
the  illustrations.  Figs.  2  and  5»  it  will  be  noticed  that  there  are  three  beams  1 
each  side  supported  by  the  girder,  the  fourth  beam  being  carried  by  the  oohaa 
Each  concentrated  load  equals  the  total  load  on  the  beams,  or  zg  750  lb.  T] 
weight  of  the  girder  can  be  assumed  as  20  lb  per  sq  ft  of  area  carried,  20  X  4 
«  8  000  lb.    This  acts  as  a  distributed  load.   One-half  the  spun  of  25  it.  or  aai 
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e  bendiiiK  momRit  at  the  middle  of  the  gbdet  froa  the  cn>- 
ibuted  loads  a 

X  ISO)  —  (  19  7SO  X  7s)  -i 3  afii  S"  i"-lb 

rm  and  Width  of  Glrdar.  Refeiring  tgaio  to  Fig,  21,  in 
ace  opposite  3  300  000  and  3  230  ooo.  the  line  of  a  16-in  deep 
tersect  the  vertical  line  tepreamting  S  bq  in  (rf  steel.  Heace 
ajra  arranged  id  two  horiioiital  rows  are  used.  The  width  of 
n  in  order  to  have  tbe  proper  distance  between  the  bars  and 
Lve  i^i'iaat  concrete  Sieproohng  on  the  sides  (Fig.  7). 


tbcr  beanu  ate  to  be  mtewtoe  lued  for  theii  respective  beams, 
iginkt,  the  width  of  the  T  beam  is  8.7  x  8  -  69 .6  in,  or  34.8 
the  middle  of  the  ^rder.  The  portion  of  the  slab  used  at 
It  Eiider  or  beam  should  not  eiceed  on  each  ude  of  the  beam 
)-ttiickness,  nor  oae-third  the  span.  In  the  atse  now  being 
ut  ii  not  exceeded.  Similarly  the  width  of  the  slab  acting  as 
angeof  the  14m  beam  is  1.8  X  12  —  j  1.6  in,  twelve  being  the 

The  next  member  to  deagnis  thelinlel,  or  ^jandnlbeam  over 
2,5,asd8).  This  should  be,  for  practical  considerations.  Gin 
Ltom  of  the  lintel  is  fl.U3h  with  the  bottom  of  the  slab,  the  slab- 

0  the  liolel  over  the  top  of  the  lintel-rods.  In  addition  to  the 
tel  there  should  be  bars  of  the  same  size  as  the  stirrup-bars, 
[d  apart  and  bent  at  right-angles,  one  leg  extending  up  11  in 

1  the  other  iS  in  out  into  the  slab;  or  else  Ibe  ^b-bars  should 
Sag  into  the  lintel  11  in.  These  maJie  a  perfect  tie  between 
1.  The  bottom  of  the  lintel  should  be  made  with  a  rebate  to 
of  the  window-frame.  The  load  carried  by  the  lintel  is  the 
b.  the  weight  of  the  window  and  the  dend  weight  of  the  lintel, 
t  Boor-dab  is  13  M  ft  (tbe  clear  span  of  the  lintel)  X  3  ft  •  40  H 
tbe  load  per  square  foot  on  the  floor-slab,  or  a  total  load  from 
'  371 1h.  Tbe  total  hdght  of  the  lintel  to  the  top  of  sill  is  3  ft. 
■k  this  makes  the  weight  per  lin  Ft  75  X  j  -'115  lb,  the  total 
d  being  us  X  f  J  M  ■  3  03B  lb.     For  the  window  10  lb  per  sq  ft 

ueabdni  13MX  "  !*•  Che  height  of  the  window,  or  in  even 


the  beam  is  If  -  mi  -  48-J-.   Hence,  a  6  by  CjS  -  6)-iQ  beam  will  carry  4 
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figvro  149  sq  Ft,  the  wdght  Is  149  X  10  lb  -  1 490  lb.  The  total  load  on 
lintel,  then,  i»7  37i  +  3  0jS+  i4go~  11  S99  lb. 

ThaIinteteFicai*<lBi  Rectangular  BeuM.  By  nJerriDg  to  tbe  pan^i 
Eiplauation  of  DiasramB  and  Fonnulu,  page  991,  fn  the  Urenxth  ol  rectu^i 
beams,  it  is  seen  that  when  remfocced  with  0.5%  of  sted  the  safe  load  tairied 

-8-J-.   Hence,  a  6  by  (36  -  6)-in  beam  will  carry  48 

-  15  55]  lb.  The  depth  17  Is  used,  as  it  is  takes  to  the  center  <A  actioa 
the  steel.  This  is  more  Ihui  the  hwd  upon  the  lintel  and  hence  the  linte 
[lale.     A  reinforcement  of  0.;%  equals  0.005  of  163  sq  in,  Che  srea  of  the  ooucn 

or  o.Bi  aq  in;  and  if  two  ban  are  ui 
eadi  must  be  of  □.4-sq-in  sectional  n 
Two  K-in  square  bars,  each  havinf 
area  of  o.jc)  sq  in,  will  be  uaed.  Th 
should  be  located  2  in  from  the  botb 
and  run  straight.  There  should  be  I 
?i-in  square  bars  neat  the  lap  at  ; 
lintet,  ruDuiDg  the  full  leoglh,  and  f  outti 
*i«-in  slitrup5,  aa  shown  in  the  illuit 
tioo  (Fig.  8).  The  top  bars  take  1 
place  of  bent  bars  and  also  prer 
***  vertical  cracks  which  are  liable  to  00 
from  shrinkage  near  the   middle  of 

The    Colonuu.    Having     establid 

the  design  of  the  floor-system,  the  din* 

lions  of  the  wall  jHers.  inCerior  oaiva 

and   footings   are   next   detennined. 

Fif .  S,    Veitica]  SccLicn,  Showing  Linul    schedule   of    the    loads   on    the    iota 

columns  will  now  he  made. 

The  Load  from  the  Roof.     Assuming  a  live  roof  load  of  3a  lb  per  aq 

and  10  lb  additional  for  accidental  load  from  overhead  shafting,  the  total  I 

load  is  40  lb  per  sq  ft.     The  weight  of  the  sUb,  if  3  in  thick,  which  is  as  th 

as  is  usually  required,  is  37^4  lb  per  sq  ft.     The  beams  and  girders  wdgh  anod 

30  lb  per  sq  ft  (11  plus  18),  making  a  total  dead  load  of  70  lb,  bcluding  I 

(vvering.     Adding  the  live  load  of  40  lb  to  this  gives  1 10  lb  per  sq  ft  as  the  to 

dead  and  live  load. 

The  Load  on  the  Fonrth-Stoiy  Columii,  then,  is  400  times  no  lb 
44  000  lb,  not  counting  the  weight  of  the  column  itself.  For  practicxJ  reaai 
no  column  should  be  made  less  than  10  by  10  in  in  cross-section.  AUowa 
therefore,  500  lb  pet  sq  in  unit  stress  on  the  concrete  for  columns,  whidi  is  I 
unit  stress  allowed  by  the  Philadelphia  Building  Bureau  in  reinforced -cxmcn 
columns  with  vertical  reinforcement,  the  carrying  capadty  of  a  10  by  to 
column  is  100  times  joo,  or  50  000  lb,  which  is  in  excess  of  the  load  to  be  cain 
(See  Table  I.) 

The  Load  on  the  Third-Story  Colomo  is  the  load  from  the  one  abc 
of  44  000  lb  plus  the  load  of  one  bay  of  the  fourth  door,  which  is  117  lb  x  4 

-  S6Soolb,  being  (he  (otaltleadandliveload;or86  3oo-|-  44000—  ijoSooIh, 
which  must  be  added  the  weight  of  the  column,  which  is  assumed  to  be  300  D>  | 
lin  It.  As  it  is  at>out  1 1  ft  long  in  the  dear,  the  weight  of  the  column  is  s  joo 
which,  added  lo  1  jo  Soo  lb.  equals  i}4  i<»  U>-  The  area  of  the  croa^wctkM 
a  16  by  iS-in  cohimo  is  ijS  sq  in,  whidi,  at  500  lb  pa  sq  in,  gives  118  000  lb 
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capacity.  While  tllis  is  6  loo  lb  leas  than  the  load  to  be  carried, 
)  of  the  required  strength.  It  is  customary  to  make  a  reduc- 
to  be  canied  on  the  columns  in  proportion  to  the  amount  of 
the  reduction  being  greater  as  the  floor-area  increases.  Usu- 
on  of  the  live  load  per  fioor,  with  a  maximum  not  exceeding 
nn  colunms  for  high  buildings,  is  considered  good  practice. 

of  Rehiforced-Concrete  Columns.    Length,  Fifteen  Diameters 


rtical  bftrs.    Safe  working  stress  on  concrete  500 

lb  per  sq  in,  the 

being  neglected  in  figuring  the  columns 

Vxea 

Total  safe 
loads  in  lb 

Size 

Area 

Total  safe 
loads  in  lb 

64 

32000 

X8X18 

324 

162000 

8z 

40500 

19X19 

361 

180500 

100 

.  50  000 

20X20 

400 

200  000 

L2I 

60500 

21X21 

441 

220  soo 

144 

72000 

22X22 

484 

242000 

169 

84500 

23X23 

529 

264500 

196 

98000 

24X24 

576 

288000 

225 

1x2500 

25X25 

625 

312500 

256 

128000 

26X26 

676 

338000 

3»9 

144  500 

27X27 

729 

364500 

ht  Second-Story  Colttmn  is  134  100  lb  plus  the  load  from 
1  the  weight  of  the  columns,  all  of  which  is  assumed  as  being 
h-floor  load  and  weight  of  colunm,  or  90  100  lb,  making  thi 
A  21  by  2i-in  coltmm  will  carry  441  times  500  lb  per  sq  in. 


he  Knt-Story  Colmnn  is  224  200  lb  plus  the  second-floor 
md  the  weight  of  the  column,  which,  at  600  lb  per  lin  ft,  is 
of  317  600  lb.  A  25  by  25-in  column  will  carry  625  times 
or  312  500  lb,  which  is  almost  the  required  strength.  The 
\ien  becomes 

?oT  the  first  stoiy  25  x  25  in  in  cross-section, 
"or  the  second  story  21  x  21  in  in  cross-section, 
"or  the  third  story  16  x  16  in  in  cross-section, 
^or  the  fourth  story  xo  x  10  in  in  cross-section. 

nent  in  the  Columns  should  consist  of  eight  %-in  round 
er  and  four  in  the  two  upper  stories,  with  ties  of  %-in  round 
s  shown  in  Fig.  9.  It  is  the  custom  to  use  the  same  unit 
concrete  columns  up  to  15  diameters,  and  not  to  use  columns 
Is  15  diameters. 

I.  The  schedule  of  all  the  wall  piers  is  made  by  the 
e  interior  columns.  The  details  of  the  calculations  are  not 
ilts  only  being  given.  The  size  of  the  wall  piers  is  deter- 
iitectural  effect  desired  and  by  practical  considerations. 
the  smallest  face-dimenson  of  the  piers,  this  size  should 
lU  height  of  the  building  (Fig.  10).  The  reveal  of  the  piers 
3  in,  and  the  spandrels  should  line  up  flush  with  the  inside 
10  doing  th^  are  not  made  extremely  thick.    Reinforc^- 
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concrete  ^ModnU  may  be  6  in  thidi  tnd  jive  good  results.  It  li  >M  aid 
nuke  them  timuer  than  this,  on  account  of  the  difficulty  ol  cotutmctlog  lilt 
It  [■  to  be  noticed,  also,  that  tbe  \iatels  or  qMmdrel  bcanu  act  u  tiei  froB  i 
will  piei  to  Bnother.  Thqr  ahouU  be  el  suffident  itreasth  not  en))'  to  tanyj 
vertical  loadi  caninf  upcm  than,  but  also  to  act  as  biaces  to  take  up  any  ^ 
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tion  in  tbe  direction  of  tbe  length  o(  tbe  building;  just  as  the  deep  cnn^itdi 
resist  tbe  vibration  in  tbe  diiectjon  of  tbe  width  oi  the  building.  Very  i 
quentb'  tbe  main  girders  are  run  loigthwise  <rf  the  building,  that  is.  spanal 
tbe  flattest  distance,  while  the  beams  run  ocnm  tbe  building.  SmnetiB 
this  wiQ  make  the  constructioa  more  eamomical;  but  the  reduced  bo^' 
the  windows  in  the  side  walls  due  to  the  aecessty  of  lowering  the  window-bia 
to  permit  the  beams  to  be  carried  by  a  Untet  ruoning  over  them,  is  objcctiaiatl 
as  the  light  Iiom  the  windows  in  this  po^tim  is  not  u  eSective  as  wbcs  th 
■re  run  up  to  the  under  side  of  the  Aoor-slab  or  ceiling. 

The  wall-|NeT  schedule,  figured  on  the  assunqition  above,  becomes 
For  the  first  sbHy       30  X  i6  in  la  cross-section. 
For  the  second  story  30  x  ii  in  in  cross-section. 
Foe  the  third  story    jo  x  11 
For  the  fourth  story  jo  x  i  a 

It  win  b;  noticed  that  the  piers  in  the  three  upper  stories  are  of  the  ■■ 
dimensions.  This  is  due  to  practloil  requirements,  the  reveal  cf  the  pis  1 
tbe  spandrel  being  6  in  and  the  minimum  spandrel-thickness  6  in.  Tbe  |1 
must  be  1 1  in  in  order  to  be  flush  on  tbe  inside  of  the  building. 

Spread  Foundatious.  The  use  of  reinforced  concrete  for  the  footmfi  * 
a  building  results  in  economical  construction  when  it  is  necessary  to  project  d 
base  or  footing  more  than  is  customary  or  permissible  without  reinforceiiient  I 
some  kind.  In  order  to  give  sufficient  information  for  the  design  of  the  fouod 
tions  for  the  building  under  discussion  in  this  chapter,  u  well  as  for  otbcr  tV 
of  construction  met  with  in  practice,  several  examples  are  worked  out  in  fl 
following  pages.  The  simplest  form  of  rdnforced  concrete  spieai>  nranm ' 
shown  in  Fig.  5  and  consists  in  considering  Uk  overhanging  portions  of  i 
footings  as  CANrttEVER  beaus.  Tbe  footings  of  tbe  interior  columns  an  i 
^gned  as  e:qd3ined  in  the  following  paragraphs. 

The  Load  on  tbe  Footing.  The  load  on  tbe  footing  Is  usumed  to  I 
317000  lb  and  the  sate  bearing  value  of  the  soil  7  000  lb  per  sq  ft.  Tbiireqial 
a  spread  fooling  of  ]  1 7  000  lb  divided  by  7  000.  or  45  sq  ft.  The  sde  of  d 
square  which  comes  the  nearest  to  this  area  is  6  ft  9  in  and  its  area  is  45.5  sq  I 

The  Deaign  of  the  Footing.  The  fooling  [s  designed  as  followst  Attal 
square  foot  (rf  footing  sustains  in  upward  pressure  of  7  000  lb.  the  ovaban^ 
portion  is  treated  as  a  cavtilevbb  beam  trNi>OBia.v  loaded.    Tbe  load  £nal 
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amn  proper  causes  no  bending,  and  this  load  is  neglected  in  finding 
ooment.  The  rods  should  be  run  as  shown  in  Fig.  5,  some  diago- 
le  at  light-angles  to  the  sides,  the  first  kyer  located  3  in  from  the 
;  footing.  The  size  of  the  rods  on  the  diagonal  is  now  to  be  de- 
the  others  are  to  be  made  the  same  size.  The  longest  length  of 
iiagooal  cantilever  is  4  ft,  measured  from  the  center^  the  column 
tion  of  the  i-ft-wide  strip  with  the  side  of  the  square^  The  bend- 
a  this  strip  is  equal  to  the  load  on  an  area,  outside  of  the  column, 
t  ft  wide,  or  (3  X  7  000  -  21  000  lb)  X  30  in  —  630  000  in-lb,  30  in 
ince  from  axis  of  the  column  to  center  of  gravity  of  the  area, 
le  footmg  to  be  24  in  thick  over-all,  the  center  of  action  of  the 
out  5  in  up  from  the  bottom,  making  an  effective  depth  of  19  in. 
m  for  the  steel  is  nine-tenths  *  of  the  depth  when  the  stress  in  the 
lb  per  square  inch,  the  resulting  stress  per  square  inch  in  the  steel 
ess  16  000),  is  16  000  X  0.9  *  14  400.  As  the  bending  moment 
lb,  the  number  of  square  inches  of  steel  necessary  per  foot 

630  000 

2.34  sq  ia.    This  formula  is  for  rectangular  beams 

4C0X19 

Xkg  moment  is  given.  (See  Formula  (i),  page  992.)  Spacing  the 
nters  requires  three  rods  per  foot,  each  requiring  a  croaa-section 
in.  As  a  H-in  square  bar  has  a  section-area  of  0.76  sq  in,  this 
L  The  bars  in  the  layers  at  right-angles  to  the  side  are  made  the 
paced  as  above,  so  as  to  avoid  complications  in  the  construction 
It  would  be  possible  to  space  these  farther  apart,  but  this  re- 
ecessary.    (See  Fig.  5.) 

J  on  a  column  is  such  as  to  require  a  footing  more  than  2  ft  thick, 
to  slope  the  top  of  the  footing,  thus  saving  in  the  quantity  of 
;  to  provide  a  concrete  punth  or  block  at  the  bottom  of  the 
af  the  footing  so  as  to  reduce  the  projection  of  the  footing  and 
a  more  economical  design.  If  steel  column-cores  or  hooped 
atical  reinforcements  are  used,  a  metal  base-plate  is  necessary 
dting  of  sufficient  size  to  limit  the  direct  stress  on  the  footing  to 

tions  for  the  Outside  Walls  may  be  designed  in  either  of 
as  continuovs  footings  such  as  are  usual  in  ordinary  construe- 
Ey,  as  isolated  pieks  under  the  wall  columns.  In  the  first  case 
>  reinforce  the  footings  and  foundation-walls,  as  these  act  as 
Its  loaded  at  each  column,  and  must  be  made  strong  enough  to 
ads  from  the  columns  uniformly  over  the  entire  length  of  the 
3undation-walb  and  footings  can  be  treated  as  invebteo  con- 
(Fi^.  1 1),  the  upward  reaction  of  the  earth  being  considered  a 
mted  load  on  the  beams,  and  the  wall  piers  being  considered  af 
n£  the  beams,  with  the  load  on  each  pier  as  equal  to  the  load  on 
Fig.  12  shows  the  arrangement  of  the  reinf  ordng-rods.  Their 
1  as  explained  in  the  following  paragraph. 
per  running  foot  of  the  foundation  is  equal  to  the  load  from  a 
le  distance  apart  of  the  piers,  omitting  the  weight  of  the  spandrel 
ory  windows,  this  load  per  running  foot  -191  140  lb,  the  load 
6  f t  -■  II  946  lb.  As  great  refinements  in  calculations  are  not 
g;-work  of  this  kind,  because  of  the  advisability  of  large  factors 
part  of  the  building  and  the  small  reduction  in  cost  due  to  any 
he  strength  of  this  continuous  beam  is  calculated  by  the  formula 

>,  page  6Ss;  (4),  926;  (6),  932;  (1),  992;  and  Fig.  $,  page  974- 
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M  "  Wl/S,  assuming  /  to  be  the  dear  distance  between  the  piers,  or,  in  this  ca 
13  ft  6  in  (Fig.  12).  Therefore,  W  -  13 V^  X  11  946  -  x6i  271  lb  and  the  be^ 
ing  moment  M  -  (161  371  X  x62)/8  ^  3  265  737  in  lb.  As  the  size  of  the  bei 
is  detarmined  by  the  fhirknpss  of  the  wall  and  its  depth,  all  that  is 


^otel,  19UM  Ik  T»Ul,  ItlUO  nns  TtoUl,  IfUM  Ilg?v 

y. mv^ J^ uV^ ^ 
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Load  p«r  Rannlng  Foot  llStf  lb. 
Fig.  11.    Foundation'Wall  an  Inverted  Continuous  Beam 

find  the  area  of  the  steel  by  referring  to  Formula  (i),  page  992.  which  gi 

A  — 7,  or  i4  - 4.3  sq  in,  distributed  in  eight  H-in  aqo 

14  400  a  14  400  X  53 

bars  with  a  total  area  of  cross-section  of  4.48  in.    These  are  in  two  lasrers*  fi 

running  straight  and  four  bent  as  shown  in  Fig.  12.    The  top  layer  is  iiiaced  i 
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Fig.  12.    Arrangement  of  Rods  in  Foundatioa-wall 


from  the  top  of  the  concrete.  The  footing  b  made  wider  than  the  wall  to  \ 
the  load  on  the  soil  within  the  safe  limit  of  7  000  lb  per  sq  ft.  The  'wmfl 
determined  as  follows.  As  the  column-spacing  is  16  ft,  center  to  center,  7  000  3( 
*■  1 12  000  lb,  the  load  the  foundation  x  ft  wide  and  16  ft  long  will  carry;  hi 
to  carry  212  120  lb  (the  load  from  the  pier,  plus  20980  lb,  the  wei^lit  of 
spandrel  and  footing),  212  120  is  divided  by  1x2  000,  giving  1.9  ft  for  the^ 
of  the  footing,  or  i  ft  11  in,  neariy. 

Isolated  Piers.  In  the  second  case,  a  spread  footing  is  provided  la 
each  wall  column  in  the  same  manner  as  under  the  interior  columns,  but  desif 
for  the  lighter  load.  The  foundation  or  spandrel  wall  is  not  made  as  heavi 
in  the  first  case,  as  it  carries  no  load  except  its  own  weight  and  the  wall  or  wiai 
above  it.  (See  Fig.  5.)  Where  the  soil  is  bad  and  of  low  canryins 
the  pier-method  is  found  to  make  an  economical  foundation,  espeoally 
is  necessary  to  use  piling  under  the  building,  as  the  piles  can  be  grouped  qfl 
the  piers  and  columns,  and  capped  with  reinforced  concrete.  The  foundatan 
spandrel  walls,  properly  reinforced,  can  be  carried  from  pile-cap  to  pile-cap 
they  do  not  depend  on  the  soil  directly  under  them  to  sustain  the  load. 

Combined  Column-Footings*    It  very  frequently  happens  that  a  hi 

:ng  is  to  be  built  adjacent  to  and  abutting  on  a  property-line*  ^n^  as 
foundations  must  not  encroach  upon  the  adjacent  property  the  columns  muS 
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the  lootlDgi,  In  order  to  secure  uoiform  soil-preuure  it  is 
DmbliM  in  Interior  with  an  exterior  colunm-footiag  lo  as  to 
imifann)y  from  the  two  columns  to  tbe  soil  below.  Some- 
to  combiiM  the  footings  of  more  than  two  columns.  Fig.  13 
my  be  cegicded  u  typical.  The 
t  idoktiad,  one  being  700  ooo  lb 


Fif.  13.     Combhied  Colimu-iaDting 

lb,  so  that  the  shape  of  the  combined  footing  In  plan  can 
be  centei  of  gravity  of  the  two  loads  is  practically  at  the 
When  one  column  is  mote  heavily  loaded  than  the  other,. 
of  the  loads  is  do  longer  at  the  middle  of  the  span,  but 
mce  it  is  necessary  to  make  the  combined  footing  tkape- 
:  the  cintet  of  gravity  of  the  trmpewid  will  coincide  with 
■e  resultant  of  the  loads  from  the  columns. 
Imtions  for  the  design  of  this  footing  are  tbe  actual  ones 
nod  example  of  the  necesdt]'  of  uiuming  certain  ^les  at 
si  calculations  may  change.    The  width  or  the  tounda- 

by  the  LOAi>-u>(n  on  tbe  soil,  which  in  this  case  is  not  to 
ft,  and  the  riie  of  the  ocdumn-bue  being  known,  we  may 
lie  BENDDm  HonNT  in  tbe  footing.  We  auume  an  area 
,  giving  a  nQ-premure  of  1  490000  Ib-t- 114  iq  ft—  6650 

7  —  4G  550  lb  per  runidng  foot.    The  point  of  maiimum 
icre  the  vertical  sbeai  ii  zero  and  is  determined  by  tiM 
o— IS  ft.    Also,  15  ft -' 1.0s  ft- 13.9s  ft.    Hence 
o  X  !3.9i)  -  9  t6s  000  ft  lb]  -  1(46  sso  X  IS  X  7M) 
5  ft  lb]  -  (4  51S  115  X  ii)  -  54  3J7  5<x>ia  lb 
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The  I. OS  ft  is  one-half  the  oolumn^width,  2  ft  i  in. 

We  may  detennine  the  depth  of  the  foxtndation  by  aasmniog  a  i 
sectional  area  of  the  reinfordng-steei  and  solving  in  Formula  (i),  page  991 
the  depth.  For  practical  considerations  square  liars  larger  than  iH  in  a^ 
«hould  not  be  used;  hence  by  trial  we  find  that  thirty  iK^in  square  bwr&ii 
iection-area  of  46.8  sq  in,  placed  in  two  rows  in  the  top  part  of  the  foundt 
will  space  out  just  right  for  a  width  of  beam  of  64  in,  which  is  6  in  wider 
the  58-in  dimension  of  Column  No.  i.    The  depth  then  by  this  formula  ii 


i- 


M 


14400  A 


,  ord 


,  54  337  Soo 
14  400  X  46.8 


80  in, 


the  deoth  from  the  center  of  the  steel  to  the  bottom  of  the  concrete.    Then 
80  +  4  »  84  in,  the  total  depth  of  the  foundation. 
The  WIDTH  OF  THE  FOOTING  AT  THE  BASE  must  be  increased  to  keep  the 


Fig.  14.    Section  thrm^b  Flight  of  Sdnfoicedrcoaczau  Stain 


ttress  on  the  concrete  in  compicsaon  within  the  ailaiwable  stscaa*  600  lb  pen 
As  the  total  horizontal  comprei^n  in  the  ioeaiik  anist  equai  the  total  tend 
order  to  satisfy  the  lequireoients  for  equilibriian*  we  have  total  tensiaii  *  1 
lb  per  sq  in  X  46.8  sq  in :-  748  800  lb.  From  Table  V,  pagr  930^  Chapier  J^ 
the  depth  o£  the  area  of  tbb  concxete  xk  gokprbssion  b  eqpuak  to  0^ 
«  24.8  in.  The  width  is  found  by  dividing  748  8o»  by  (soax  2t4}«l 
the  resistance  of  the  concrete  per  inch  in  width  of  the  beam,  which  gives  89I 
the  width  of  the  concrete  at  the  bottom  of  the  footing;  300  lb  being  the  svi 
unit  stress  on  the  area  of  the  concrete  in  compression,  since  the  stress  ad 
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5oo  lb  on  Itt  outside  upper  surface  of  the  coDctcte  to  zero  at  the 

ID  be  huilt  of  reinforced  conmlc  ha9 
1  remforced-coDcnte  buHdings.  As 
lerafly  enclosed  in  Mait-towerj  or  shafts,  their  construction  usnsliy 
m  of  the  double  run  or  half-p»ce  type  (Fig.  14).  Ttis  reduces  (he 
run  so  th»t  the  construction  does  not  become  too  heavy.  Each  run 
asidern]  u  an  inclined  beam  nnd  is  »  &sund,  being  supported  at 
bolloc  on  the  stur-iindins  header-beam.  The  rods  are  placed 
om  of  the  slab  and  rua  continuously  from  top  lo  tnttmo.  The 
beam  ii  considered  to  be  equal  to  the  distance  froni  the  soffit  oi 
iie  auncr  foimed  by  the  liead  uid  rite,  aa  shown  by  tlie  letter  D 
■}tc  ifTiitinp  aje  gguied  the  saoK  as  floor-sUbs.  Their  suppmtinii 
culated  to  tnrry  the  load  comioe  upon  than  from  the  landing  and 
r  sUir-rua,  whidi  starts  from  the  landine-beam.  The  lower  stair- 
p  under  the  lasding-beaio,  acts  as  an  inclined  stmt  and  supports 
ilieain.  Hencethespanofthelanding-beainiscqiialtotbedistaiice 

isidecdgeol  iIk  stair- 
iT.  and  is  a  little  more 
hevidlhof  theslair- 
naken  (be  design  of 
irete  stairs  very  eco- 
■  page*  900  and  9«7.) 
Stair-Dsdcn.  It  is 
acb  of  the  runs  is  4  ft 


;  load  ia  joolb  per 

nin  for  the  live  load.  Fk.  li.  Detail  of  Refoforced-cencrela  SUps 
A  approumately  400 

loolbforthe  run.  Tliis  makes  a  total  load  on  the  inclined  beam 
tie  sp»ii  in  calculating  inclined  beams  is  taken  at  the  horizontal 
D  support*;   hence  ia  our  i-jumpli-  the  span  is  S  ft  9  in.    The 

ing   moment,  therefore,  is  —  7j  500  in-Ib,  flguKng 


:  &s  above  is  — ■-— 1.3  sq  in,  or  0.3!   sq  in  for  a  i-ft 

4  X  144™ 
M'in  round  bars,  4  in  on  centers,  or  K-in  round  bars  7  in  on 
be    used.     (See  pjge   1514.)     It  i*  customary,  also,  to  run 
I,  spaced  j  ft  on  centers,  at  riRht-angics  to  the  main  rods,  as 

It  is  aJso  customary  to  run  the  rods  which  reinforce  the  run 
n  tile  wan-e<<ge  of  platform  at  the  top  to  the  wall-edge  at  [he 

the  rods  to  maie  them  come  in  the  bottom  of  the  landing- 
tbeir  reinforcemeot.  The  treads  should  be  finished  with  a 
of  cemertt  and  grils;  and  the  risers  can  be  brushed  smooth 
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•  Slab 

Span  of  feet 
Fig.  16.    Diagram  for  Strength  of  Reinforced-coocrete  Slabs 


M-f 


when  their  forms  are  removed.    The  riser-forms  should  be  removed  as 
as  the  concrete  has  set  sufiGiciently  to  hold  itis  shape,  so  that  the  top  <^  cad^ 
or  tread  can  be  incorporated  into  the  concrete.    Top-surfacing  applied 
the  concrete  has  set  hard  is  very  likely  to  bec(xiie  loose  and  break  off.    A 
good  form  of  step  is  shown  in  the  detail.  Fig.  15.    When  the  stair-nma 
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not  be  tarriei],  at  bottom  and  top  wbere  tlic  itepa  Mut  and 
ams,  t.  ceinforced-coDCKte  beam,  forming  an  outside  ttriag, 
1  the  st»Ir-r«nlorce(neDt  nin  pantlel  with  the  risen  from  the 

The  beam  forming  the  string  can  be  made  any  « 
ud  ranfoTced  to  suit  tbe  load. 


10   IL 


U-^ 


^lAfirun  loT  Strength  «f  JUinforced-CDiicrete  Slabs         / 

■craou  and  Formulaa.  Figs.  16,  17,  18  and  19  are  to 
icinforced'CiHicnte  slabs.      These  diagrinu  ue  ploltnl 

e  ID  accordance  with  the  1907  R^ulations  ol  the  Phila- 

IdinK  Inspection,  which  permit  a  unit  oompresaive  stcesa 
tbe  concrete  and  a  tension  of  16  000  lb  per  sq  in  in  tha 

le  moduK  of  elasticity  of  steel  to  concrete  equal  to  11. 


rcco-L/tHicmc  raaory  aaa  jiiiu-i.^nii[nicuoii     Liiqi.  i 

na»s  give  >  tictof  o(  ufetir  of  4,  bi«d  oD  tlw  uUimate  itraitd 
3  and  have  been  found  to  give  results  in  practice  which  an  ca 
fety  and  economical  oonitniction,  the  concrete  being  a  i  :  i : 


Vaiab 

Span  ir 

L  feet                           M  - 

Fif.  11. 

Dii«nm  loi  StRdfth  of  fte 

nd  the  aggreirate  a  good  hard  itone.  The  buitdins  Ik-vts  oI 
Jly  specily  the altuwable  unit  itfcsaestobe  uied  in  deaf^^j^  ^. 
itiuctuies,  tnd  wiien  they  difier  from  Iboie  used  in    tJi«  c»la 


ngtb  of  Rdnfoiced-Conciete  SUbs  9S7 

U  be  mide  in  Ibe  itsuin  obtuiiBl  whm  xtiiag  the  diagruni. 
ia>  tbe  option  of  choosing  bii  own  method  ol  calculating, 
ussl  vith  (biolute  wfcty. 
id  23  an  diigruos  of  the  strEOgth  of  T  beuns.    TIk  cal- 


ignm  tat  Stnoftli  of  EtonfMud-oDBCRtc  Slab* 

:  beam  b  taken  as  the  diilance  fiom  the  center  of  actios 
r  of  tbe  concrete  liab  and  not  to  a  point  one'tMrd  the 
m  the  top.  The  beam-depths  hi  the  diagiami  an  the 
iw  the  slab.  Tbe  width  of  the  alab  in  compression  ii 
e  area  of  the  steel  by  the  coostafit  given  in  the  dit' 
Uac  <lcptik  trf  bouu- 
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Area,  A,  of  steel,  Bqiiare  inchea. 
Fh.  30.    Dh(nin  [«  Stmifth  o(  T  Bomi 


enfth  of  Runforced-Concrete  T  Beaim 


Reinforced-ConcTete  Factory  and  MQl-CamtcudlDD 
DIAGRAM   or  STRENGTH   OF  T  BEAMS 


ChaJ 


ength  of  Retnforced-CoBCiete  T  Beanu 

DIAGRAM  OF   STRENQTH   OP  T   BEAMS 
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The  following  formulas  are  for  the  strength  of  rectangular  beams  or  slaJ 
based  on  various  percentages  of  steel,  the  beams  being  considered  to  be  as  smi 
supported  at  the  ends.  They  are  calculated  in  accordance  with  the  Philadelpi 
requirements,  and  can  be  used  in  investigating  the  strength  of  rectangul 
beams  and  slabs  without  obtaining  the  bending  moment.  They  are  very  co 
venient  in  checking  up  a  design  already  made,  or  in  establishing  the  area  of  t 
steel  reinforcement  when  the  size  of  the  concrete  beam  or  slab  is  fixed,  as  sImf 
by  the  example  given.  • 

w  -■  load  in  pounds  per  runnmg  foot; 

b  «  breadth  of  beam  in  inches; 

d  «>  depth  to  center  of  action  of  steel  in  inches; 

/  ■>  span  in  feet; 

p  -i  percentage  of  steel  to  area  of  concrete  above  center  of  steel  to  top  ol  bea 

When  ^'^0.5%    then    w-48— 

P  -  0.6%  w  -  s6  -rp 

^-0.7%  w-59-jf 

p  -  0.8%  w  -  6a  ■— 

Of  c       W« 

^-0.9%  w-64.S-jr 

bd:^ 
p»i%  w-67~ 

Example.    Find  the  total  load  per  square  foot  that  can  be  carried  by  a  4 

slab,  with  a  5-ft  clear  span,  reinforced  with  a8%  of  steel  per  running  foot. 

Solution. 

.       12x3*^        108        ^^  ^  „ 
w  -  62  X  — : —  -  62  X  —  -  366.6  lb 

S«  2S 

From  this  must  be  deducted  the  weight  of  slab  and  floor-finish  to  obtain 
live  load.    If  finished  with  i-in  cement  top  coat  laid  directly  on  the  cxma 
the  total  dead  weight  is  62^^  lb,  which,  deducted  from  266.6  lb,  leaves  204^ 

Note.  If  the  total  load  carried  by  the  beam  is  desired,  use  /  itk^-wH  e 
in  the  formula.  Hiese  formulas  are  based  up)on  the  stress  in  the  cxMicrels : 
exceeding  600  lb  per  sq  in  and  a  tension  in  the  steel  of  16  000  lb  per  sq  ia,  1 
a  ratio  of  the  moduli  of  elasticity  of  the  concrete  and  steel  equal  to  Z2. 

Formisia  for  the  Resisting  Moment  of  Rectangular  or  T  Bnamii     1 

is  Formula  (6),  page  932,  Chapter  XXIV,  only  in  a  different  form,  axxl  Is  to 
used  when  the  percentage  of  steel  is  not  greater  than  0.58  of  1%. 

M  —  the  maximum  bending  moment  in  inch-pounds; 
d  «  the  depth  from  the  top  of  the  beam  to  the  center  of  action  of  the  stcc 

inches; 
A  «  the  area  of  the  sum  of  the  cross-sections  of  the  steel  bars  in  square  ind 

JW  -  j4  X  16  000  X  0.9  i  or  X 

14400  a 

or  s- 7 

14  400  A  * 


Ginkrless  Floors  903 

Given  a  bending  moment  of  a  17  728  in-Ib  and  a  depth  (over  all) 
La,  to  find  the  sectional  area  of  steel  necessary  to  make  the  resisting 

I  to  the  bending  moment. 

.        M  ,  217728 

A :  or  i4 1.12  sq  m. 

14400^  14400X13)^ 

3und  bars  of  H^in  diameter  we  have  0.56  sq  in  X  3,  or  z.12  aq  in. 
for  fireproofing  and  M  in  to  the  center  of  the  bars,  the  effective 
lam  is  rednoed  to  13  Vi  in.  For  the  width  of  the  beam  we  can  use 
age  931,  Chapter  XXIV,  substituting  for  K  the  value  correspond- 
t  stresses  and  the  ratio  of  the  moduli  of  elasticity  for  the  con- 
we  have  been  using,  namely,  600  and  16  000  lb  per  sq  in  for  the 
id  12  for  the  ratio.  This  value  of  K,  from  Table  V,  page  926, 
',  is  834  and  AT  «  83.4  h^.    Transposing,  we  have 

M  .  217  728  217  728 

;:,  or  4  -  ' - —  -  14.3  in 

M<^  83.4  X(x3^^)"     834X182.2 

aefore  will  be  14^  in  X  16  in  in  cross-section,  reinforced  with  two 
» placed  so  that  there  will  be  2  H  in  from  the  bottom  of  the  beam 
As  the  width  of  this  beam  is  excessive  for  the  number  of  rods 
Qomical.  It  would  be  better  to  design  the  beam  with  a  T  section 
dth  to  6  in  for  the  stem  and  making  the  top  flange  i^M  in  wide 
«  4.18  in  thick.  The  ratio  of  the  distance  of  the  neutral  surface 
I  the  beam  to  the  effective  depth  of  the  beam,  for  the  values  we 
is  0.31  (see  Table  V,  page  926,  Chapter  XXIV),  and  in  order  to 
x>ncrete  in  comprassion  at  the  top  of  the  beam  to  balance  the 
the  steel,  the  head  or  flange  of  the  T  must  extend  from  the  top 
•  neutral  surface. 

loors.^  In  order  to  familiarize  the  student  with  the  design  of 
>RS,  an  example  is  worked  out,  in  which  the  area  of  a  panel  or  bay 
400  sq  ft,  the  same  as  that  of  a  typical  bay  in  the  factory-build- 
[dered  in  this  chapter.  The  column-spacing  is  made  the  same 
Sy  so  that  the  i>anels  are  square,  with  a  length  of  side  of  20  ft. 
Qg  the  various  methods  of  computing  the  strength  of  flat,  re- 
plates,  we  will  use  one  under  consideration  by  the  Bureau  of 
ton  of  Philadelphia,  t  This  is  a  conservative  method.  It  has 
3rked  out  in  all  its  details  and  applications  and  gives  results 
lafety  and  economical  design.  The  following  paragraphs  set 
1  and  equations  of  this  method  as  published  by  the  Philadelphia 

Is  it  the  DROP-CONSTRUCTION. 

1,  center  to  center  of  oolmnns,  of  the  longest  of  straight  bands 

s. 

aoe  or  width,  edge  to  edge,  between  capital-heads  in  inchr!> 

iead  and  live  load  per  square  foot. 

ce  from  the  center  of  action  of  the  concrete  in  compression  to 

ter  of  the  steel  at  the  drop  in  uiches. 

ce  from  the  cmter  of  action  of  the  concrete  in  compression  to 

jd  of  the  steel  at  the  center  of  the  slab  in  inches. 

ytcr  XXrV,  pages  949  to  951.  Flat-Slab  Construction. 

rk.  Chief  of  the  Bureau  of  Building  Inspectioa,  Philadelphia,  Pa.,  is 

oxkins  out  and  perfecting  the  practical  applications  of  tJiis  method. 
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If  the  drop-construction  is  not  vaed,  d»ii. 

Sufficient  depth  of  slab  is  to  be  provided  for  shearing'Stresscs  as  wdl  as 
bendlng-streases. 
Width  of  capital-head  *  not  less  than  Mo  L, 
Width  of  drop  -  'Moo  L. 
Width  of  bands  -  «Moo  L. 

X  "  the  area  of  section  of  sted  over  the  capital-head. 
XI »  the  area  of  section  of  steel  in  center  of  bay. 
~  Jf  •-  the  bending  moment  at  the  edge  of  the  Gapital*liead. 
+  Af  ■•  the  bending  moment  at  the  center  of  the  span. 

-n.ij        -ju.v^.v^uj     *o^  ^y  -  capital-head 
The  load  earned  by  the  straight  band  -  X  » 

2 

-,     total  bay  —  capital-head     w£i 
-  Af- X 

2  12 

,,     total  bay  —  capital-head     wLi 
+  J/-  ^ ^^^ X 

2  24 

Width  of  concrete  to  resist  compression  at  edge  of  capital-head  -  vidtl 
drop. 

Width  of  concrete  to  resist  compression  when  negative  moment  *  — 

« width  of  band. 
Width  of  concrete  to  resist  compression  at  nuddle  of  span  ^  width  oC  bai 

M 


«  —  — 


J  X  16000 


Place  66%  of  *  in  straight  bands  \  .^  , , , 

Phice  43%  of  *  in  diagonal  bands  /  ^'^^  ^P't*!-**"!- 

M 

di  X  16000 

Place  66%  of  xi  in  straight  bands  \    ^     . , ,,     ,  _ 

PUce  43%  rf  «i  in  di«»;nal  band,  /  »*  "'^«  *>*  »P^ 

Add  20%  of  steel  of  ^M  to  provide  for  negative  bending  over  stral^t  ba 

The  drop  equals  the  abacus  outside  of  the  capital-head,  or  the  iacie 
thickness  of  the  concrete  to  obtain  the  necessary  compression  in  the  cone 
This  b  not  generally  necessary  when  the  live  load  of  the  floor  is  light,  say  u 
per  sq  ft  and  the  spaa  is  not  excessive.  To  determine  d  and  di  deduct  fra^ 
total  thickness  of  the  slab  i  in  to  the  center  of  the  sted  when  the  rods  arc  | 
or  less  in  diameter;  if  over  ^  in  deduct  i  H  in;  and  multiply  the  result  bf 
The  result  will  be  the  distance  from  the  center  of  the  steel  to  the  cxnter  oC  aii 
of  the  compressive  stresses  in  the  concrete. 

The  depth  k  is  the  distance  from  the  top  of  the  sfaib  to  the  center  of  the 
and  is  used  in  finding  the  thickness  of  the  slab.  Applying  the  above  fom 
to  the  example  considered,  using  a  floor-load  of  1 20  lb  per  sq  ft  as  in  the  pm 
example,  and  assuming  an  average  slab-thickness  of  8  in  with  a  i-in  top  ft 
coat  of  cement,  the  dead  load  is  xoo  lb  +  13  lb  ■■  1x3  lb,  which  added  to  thi 
load  K  233  lb,  total. 

The  arrangement  of  the  bands  b  shown  in  plan,  Fig.  24.  the  width  being  *y 
or  ^^ioo  the  9)an  of  20  ft,  which  b  9  ft.  The  diameter  of  the  column-head  Ssl 
or  4  ft    The  width  of  the  drop  b  >^oo  £,  or  7  ft  7  in. 
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A.    ArTaQgement  of  Bands  In  Girderleas  Floor 

le  bay  «  20* »  400  sq  ft. 

itai-bead  *  4*  •  16  aq  ft.    Then,  by  the  formula,  the  load 

X  233  -  44  736  lb 


t  bands 


I  736  X  Ii     44  736  X  16  X  la 

12  13 

736x£i     44736x16x1a 


■■715  776  in-Ib 
-  3S7  **88  in-Ib 


24  24 

t  diagram  is  shown  m  Fig.  25. 

to  find  the  thickness  of  the  concrete  at  the  drop.  The 
c  depth  of  a  beam  when  the  bending  moment,  the  width 
owable  stresses  are  given,  is  as  follows^  in  which  k  equals 
iab  Cioiii  the  center  of  the  steel  to  the  top  of  the  concrete: 


^ ^  4/    2X715776 

:  *5.  "  V  0.27  X  91  X  6c 


■■  V  100  —  10  m 


600 

the  width  of  the  drop  and  Sa  •-  600  lb  per  sq  in.    The 
all,  therefore,  isio+i«iiin  (Fig.  26). 

lumn  at  the  drop  •■«■■  —  -; in  which  ^  >-  0.9  4 

rfX  16000  ^ 


7^5  776 
9X  x6  000 


•  4.9  in,  or  about  5  in 
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The  straight  band  will  have  66%  of  5  or  3.3  sq  in  of  steel.    A  H  round  rod  I 


a  cross-sectional  area  of  0.1 1  sq  in.    Therefore,  there  will  be 


3-3 
0.1  X 


30  ban  o^ 


the  capital-head  in  the  straight  band.  As  the  bars  from  the  adjoining  span  ov 
lap  the  column-head,  extending  into  the  next  span  as  far  as  the  edge  of  the  dn 
each  straight  band  over  the  coliunn  will  have  *^  or  fifteen  bars.    The  diagoi 

Oe&ter  line  of  Odliuna' 


j«,        Top  9nrfi 


:a2 


Fig.  25.     Bending'znoment  Diagram  for  Girder- 
less  Floor 


Fig.  26.     Caintal-bead  and  ! 
in  Girderleas  Floor 


bands  will  have  43%  of  5  or  a.is  sq  in,  which  will  require  twenty  ^i-in  ra 
rods  over  the  column,  or  ten  on  each  side,  lapped  as  above.  The  thick  nci 
the  slab  at  the  middle  of  the  span  is  found  by  the  formula  given  above,  sid 
tuting  the  proper  values  for  the  letters.    The  formula  becomes 


-V 


2  X  357  888 
0.27  X  108  X  600 


-V 


715  776     ./-- 


17496 


V. 


41  ■-  6.41x1 


The  total  depth  is  6.4  +  i  in  -  7.4  in,  or  about  7.5  in. 
The  width  of  the  band  -  9  ft  -  108  in. 
For  the  steel  at  the  center  of  the  span 

M 


*i 


«i 


di  X  x6ooo 
357888 


in  which  tfi  -  o.9,A  or  0.9  X  6.4  ->  5.76  x 


5.76  X 16  000 


••  3.9  sq  m 


The  straight  bands  will  have  66%  of  3.9  or  3.57  sq  in  of  sted  whidi  wi 

2.57 


quire 


0.XI 


twenty-three  ^-in  roimd  bars  or  eight  bars  more  for  the  xn 


of  the  span  than  for  the  band  set  over  the  column. 

In  practice  the  rods  are  made  the  full  length  of  the  span,  from  cohia 
column,  plus  the  width  of  the  drop,  or  in  this  example  20  ft  +  7  ft  7  in  «  37  f 
for  the  fifteen  rods.  Eight  additional  rods,  13  ft  long  or  about  the  Htt^i^n^^ 
the  edge  of  one  drop  to  the  edge  of  the  next  one,  must  be  used  with  the  fiftc 
make  the  twenty-three  required  for  the  middle  of  the  qnn.  The  diasonal  1 
will  have  in  the  center  43%  of  3.9  sq  in  -  1.68  sq  in  which  require  fif»*m 
round  rods  or  five  more  than  one  set  of  rods  over  the  column.  These  five* 
ever,  are  to  be  added  at  the  middle  of  the  span  between  the  drops.  TIm 
are  bent  up  over  the  column-head  so  as  to  be  near  the  top  of  the  slab  to  »»*j 
of  the  negative  bending  moment,  the  bars  extending  horixontally  near  tli 
of  the  slab  the  full  width  of  the  drop.  It  is  necessary  to  provide  bent  radia 
extending  down  into  the  column  and  outwards  as  far  as  the  outer  rins  wxti 
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I  as  rdnforcements  of  the  column-head.  The  size  and  number  of 
rith  the  span  and  load;  but  for  the  floor  under  consideration  there 
bt  i-in  radial  rods  as  near  the  top  of  the  slab  as  practicable,  the 
le  outer  one  being  equal  to  the  width  of  the  band  and  that  of  the 
K  equal  to  the  capital-head.  It  will  be  noticed  in  the  above  analysts 
ly  calculatiooa  could  be  made  certain  assumptions  were  necessary, 
Iduiess  of  the  slab,  which  was  assumed  as  8  in,  in  order  to  obtain 

whereas  in  the  finished  design  the  thickness  of  the  slab  is  7 .5  in  and 
1,  which,  however,  does  not  affect  the  practical  results  materially, 
ason  that  the  design  of  flat  slabs  should  be  intrusted  only  to  those 
:  experience  in  the  design  of  reinforced  concrete,  as  good  judgment 
;  making  up  of  a  successful  design;  and  one  who  is  inexperienced 

a  specialist  in  this  particular  ^stem  of  construction,  if  a  design 
toezecutkin. 

est  methods  of  determining  gisderlkss  flooks  is  that  embodied 
K>  RcuNGS  Governing  the  Design  and  Consisuction  or 
kT  Slabs,  which  went  into  effect  March  1,1918.  The  foUowing 
ese  rulings:  The  least  dimensions  of  concrete  columns  shall  be 
it  the  panel-length,  nor  less  than  Ma  the  dear  height  of  the 
rpmimMm  total  thickuess  of  the  slab,  in  inches,  shall  be  deter- 
formula,  /  -•  y/W/AAt  In  which  /  is  the  total  thickness  of  the 
and  W  the  total  live  and  dead  load,  in  pounds,  on  the  panel, 
r  to  center  of  columns;  but  in  no  case  shall  the  thickness  be 
{L  is  the  panel  length,  center  to  center  of  columns)  for  floors, 
^40  for  roofs,  nor  shall  a  less  thickness  than  6  in  be  used.  The 
[ranching  shear  on  the  perimeter  of  the  column-capital  shall 
ttimate  compressive  stroigth  of  the  concrete.  The  allowable 
be  perimeter  of  the  drop-panel  shall  be  9ioo  of  the  ultimate 
mgth  of  the  concrete. 

pose  of  estabUshing  the  bending  moments  and  the  resisting 
quare  panel,  the  panel  shall  be  divided  into  strips  known  as 
p  B.    Strip  A  shall  include  the  reinforcement  and  slab  in  a 

from  the  center  line  of  the  columns  for  a  distance  each  side 
!  equal  to  one-quarter  of  the  panel-length.  Strip  B  shall  include 
tt  and  slab  in  the  half  width  remaining  in  the  center  of  the 

angles  to  these  strips,  the  panel  shall  be  divided  into  similar 
baving  the  same  widths  and  relations  to  the  center  line  of  the 
bove  strips.    These  strips  shall  be  for  designing  purposes  only, 
tded  as  the  boundary  lines  of  any  bands  of  steel  used." 
ENT  CoEFFiaENTS  for  interior  panels  for  two-way  and  four- 

II  panels  and  panels  without  drops  or  capitals,  are  given  in 
e  length  of  panel  does  not  exceed  the  breadth  by  more  than 
iputations  shall  be  based  on  a  square  panel  whose  side  equals 
ength  and  breadth.  In  no  rectangular  panel  shall  the  length 
th  by  more  than  one-third  of  the  latter.  Wall  columns  in 
lion  shall  be  designed  to  resist  a  bending-moment  of  WL/^ 
WjL/30  at  the  roof.  Interior  columns  must  be  analyzed  for 
»n  of  unbalanced  loading.  The  Point  of  Inflection;  Tensile 
nd  Compressive  Stress  in  Concrete;  Rectangular  Panels, 
;  Rectangular  Panels,  Two-way  System;  Placing  of  Steel; 
ler  tbeir  respective  headings. 
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CHAPTER  XXVI 

TYPES  OF  KOOF-TRUSSB9 

By 
MALVERD  A.  HOWE 

PROFESSOR  EMERITUS  OP  CIVIL  ENGINEERING,  ROSE  POLYTECHNIC  INSriTUTX 

1.    Definitions 

Use  of  Tmsses.    Whenever  the  distance  between  the  aide  walls  of  a  bol 

ing  exceeds  about  thirty  feet,  and  there  are  no  intermediate  walls  or  coluznnst 
is  usually  necessary  to  support  the  roof  on  trusses.  The  ceilings  of  large  iood 
assembly-halls,  etc.,  also,  require  trusses  for  their  support.  In  many  cases  t 
roof  and  a  ceiling  are  carried  by  the  same  trusses. 

A  Truss  is  a  framework,  composed  of  straight,  or  sometimes  curved,  ma 
bers  or  pieces  so  arranged  that  the  structure  as  a  whole  acts  as  a  beam.  Sin 
a  triangle  is  the  only  figure  which  cannot  be  changed  in  shape  without  ''*""gF 
the  length  of  one  or  more  of  its  sides,  it  follows  that  the  pieces  forming  a  tn 
must  be  arranged  so  as  to  form  triangles.  The  members  of  a  truss  are  usual 
subjected  to  longitudinal  stresses  only,  either  ccmpressive  or  tensile.  Curv 
members  and  members  which  act  as  beams  supporting  loads  are  subjected 
additional  bending  stresses.    Each  member  of  a  truss  is  either  a  tie  or  a  stu 

A  Tie  is  a  member  which  has  devebped  in  it  a  loogitudxnal  tensile  stres. 

A  Strut  is  a  member  which  has  developed  in  it  a  longitudinal  cocnpresd 
stress.    When  vertical,  struts  are  sometimes  caUed  posts  or  columns. 

The  Top  Chord  of  a  truss  is  composed  of  the  upper  outside  members, 
some  forms  of  roof -trusses  top  chords  are  called  ratters  (Fig.  2). 

The  Bottom  Chord  of  a  truss  is  composed  of  the  lower  outside  mcmb 
(Fig.  2).    In  roof-trusses  the  bottom  chord  is  commonly  called  the  xxk-bkai 

The  Web-Members  are  those  connecting  the  chords  (Fig.  2). 

A  Joint  is  the  point  of  intersection  of  two  or  more  members  of  a  truss  (F%. 

A  Panel  is  the  distance  between  two  adjacent  joints  in  either  the  upper 
lower  chords  (Fig.  2). 

Purlins.  Wlienever  possible  all  roof -loads  and  ceiling-loads  should  be  tra 
ferred  to  trusses  at  the  joints.  This  usually  requires  beams  spanning  the  sp 
between  trusses  at  corresponding  joints.  These  beams,  when  si4>pQrtin^  : 
roof,  are  called  purlins  (Fig.  2). 

Z.  Types  ol  Wooden  Trusses 

The  Simplest  Truss  that  can  be  built  is  that  shown  in  Fig.  1.  It  cona 
of  three  members  forming  a  triangle.  As  the  unsupported  length  of  a  flU 
for  economical  reasons,  should  not  exceed  12  feet,  such  a  truss  is  not  sinta 
for  spans  exceeding  from  so  to  24  ft;  and  even  for  a  span  of  30  ft  thei«  0>^ 
be  a  center  rod,  as  shown  by  the  dotted  line  R,  to  support  the  tie-beam. 
utilize  this  truss  for  spans  greater  than  24  ft,  it  is  necessary  to  brace  the  mil 
from  the  foot  of  the  center  rod,  as  shown  in  Fig.  2.  This  gives  us  the  king-i 
TRUSS,  the  modem  type  of  the  old-fashioned  king-post  truss  which  is 
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which  was  built  wboUy  of  wood  except  for  the  iron  straps  at  5 

firaces.    Vthen  the  tie-beam  supports  a  ceiling  or  attic-floor,  rods 
ierted  at  RR^  Figs.  2  and  4,  to  support  the  load  on  the  tie-beam. 

the  number  of  rods  and  braces,  as  in  Figs.  4  and  5,  this  type  of 
:  used  for  q)ans  up 
d  even  for  greater 
on  account  of  the 
gth  of  the  center 
."ods  it  is  not  an 
rpe  when  the  span 

When  there  is  no 

tie-beam  the  rods 
and  5,  merely  sup- 
eam  and  are  often 


Fig.  1.    Simplest  Three-piece  Trms.    Spans  up 
to  Twenty-four  Feet 


Howe   TrnsMs. 

own  in  Figs.  4  and 
imes  called  Howe 
character  oi  the  stresses  in  the  web-members  corresponds  with 
esses  in  the  web  in  the  standard  form  of  Howe  truss.  They  are 
%NGULAK  Howe  trusses  to  distinguish  them  from  the  stamdaso 
ith  parallel  chords. 


Princi|»}fl( 
Saftar 


Ig.  2.     King-rod  Thus.    Spans  up  to  Thirty-six  Feet 

Tmss.  The  kise  of  the  rafter  in  any  of  the  trusses,  Figs.  1  to 
be  less  than  6  in  in  12  in  or  26^";  a  ^  pitch,  or  a  rise  of  8  in 
-ally  the  most  economical.    When  the  span  exceeds  36  ft,  it  is 

to  cut  off  the  top  of  the  truss  as  in  Fig.  6,  which  shows  the 
the  ancient  queen-post  truss.  This  truss  is  frequently  used 
>f  deck  roofs,  although  it  may  also  be  used  for  a  pitched  roof 
V^en  the  top  chord  is  more  than  12  ft  long,  the  size  of  the 
zonsiderably  reduced  by  using  a  center  rod  and  a  pair  of  struts 

7.  The  center  rod  will  be  especially  needed  if  the  bottom 
I  is  subject  to  a  bending  stress.  The  center  rod  should  never 
.  without  the  braces. 
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Counters.  The  truss  shown  in  Fig.  6  differs  from  those  shown  in  Figs, 
to  5,  in  not  being  composed  entirely  of  triangles  and  in  having  a  rectangle  i 
the  middle.    Assuming  the  joints  to  be  pin-connected  and  without  friction. 


^;t^ 


Fig.  8.    Modem  King-post  TruM 


y^ 

f 

1 

^Portia 

^^^ 

\ 

/ 

x^^^^«^ 

■^ 

y^ 

! 

i 

1 

Fig.  4.    Six-pond  Tnangolar  Howe  Truss.    Spans  from  Thirty-six  to  Fifty  Feet 


Fig.  5.    Eight-panel  Triangular  Howe  Truss.    Spans  from  Forty-dght  to  Sixty  Fe 

is  evident  that  a  very  small  inequality  in  the  position  or  magnitude  of  the  Ic 
ing  will  cause  the  failure  of  the  truss  since  the  rectangle  will  not  retain  its  shi 
This  is  easily  verified  by  means  of  a  cardboard  model  fastened  at  the  \i 
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eydets.   When  the  joints  at  the  comera  of  the  rectangle  are  not 
:o  turn  they  have  a  tendeiicy  to  prevent  distortion.    When  the 


i.    Queen-rod  ThiM.    Spans  from  Thirty  to  Forty-five  Feet 

ly  upon  the  left  of  the  center  the  truss  itself  tends  to  assume  a 
that  shown  in  Fig.  8.  The  pistortion  of  the  rectangle  may  be 
le  introduction  of  a  diagonal  member  as  shown  in  Fig.  9.    For 


-Top  Chord 


-Bottom  Chord  or  He  Beua 
Queen-rod  Trass.    Spans  from  Forty  to  Fifty-two  Feet 

nm,  the  diagonal  is  in  compression  and  is  usually  called  a 
If  the  piece  were  in  tension  it  would  be  called  a  coxtntertie. 

al  Loads.    Although  roof-trusses  of  the  type  shown  in  Fig.  0, 
etrical  loads,  do  not  theoretically  require  counters,  it  is  never- 


F!g.  8.    Distorted  Queen-rod  Truss 

o  brace  the  rectangle  along  both  diagonals  to  insure  stability 
unsymmetrical  loading  and  to  relieve  the  joints  from  any 
latter,  which  is  usually  caused  by  wind,  snow  and  floor^loadSi 


Types  of  Roof-Tiumes  Cbap. ! 

aotde  tnisea  subjected  to  difierctit  hudiiQ 
I.  the  diagonal  web-membetE  near  the  caiter  may  b«  mbiected 
e  loading  and  compresskia  for  anotheT  loadiog*     In  ludi  a)e 


ng.  9.    Counlertinced  Qoeea- 

U  adiisable  to  inlroduce  a  member  fonowing  the  other  diagonat  of  the  qi 
lateral  containlog  the  member  subjected  to  the  two  kinds  oF  stieas,  to  ass 
main  memljer.  This  [riece,  also,  n  called  a  cocnierbbaci  or  coiTicli 
accordinf  to  the  kind  of  atiesi  it  has  to  resist.    If  this  is  not  done,  the  mi 


F%.  ta.    qiwen-iKat  Tiuis,    MusachusMts  Charftable  HechaDki'  AandatisB  B 
Ing.  Baton.  Uasi. 

whidi  is  subjected  to  two  kinds  of  stress  must  be  desifined  tor  both  lauioa 

comptcsiioa  and  the  ends  connected  at  the  joints  to  meet  the  lime  ooodili 

An  Onaai«Btal  QHaan-Pott  TtnM,  lupportinc  a  portion  of  the  roof  ^ 

UaiHchuKtu  Charitable  Hedunics'  AMooation  building  in  BoMcn,  Uuaj 
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fr.  W3Uun  G.  FicBtoii.  i*  sbown  in  Fig.  10.  The  tiuas-BwmtMra, 
OBK-kaf  yrllow  pine,  wen  iroriied  from  timben  of  the  dmKniiant 
a  tcuK  wooden  memljeTS  instead  of  rods  4ie  tued  for  tlie  venial 
Mited  and  taumed  to  tbe  tie-beam  icd  Mcund  to  tbe  nften  by 

Ihe  ciuved  ribs  lake  tbe  place  of  counterbraces. 


11.    Qaeen-rad  Tnia.    Miueumof  FEne  Arts.  St.  Louii.  Mo. 

Sod  Trnai  from  the  Museum  of  Fine  Aits.  St.  Louis,  Mo., 

««liody  t  Steams,  a  ihovn  in  Fig.  11.     It  supports  the  Boot 

a  of  thiee  nxb.    The  tmss-rodi  have  nuts  SDd  washets  bdow  tht 

the  threads  on  the  rods  are  long  enougb  Co  recdve  tumbuckle 

the  suspension-rods  irllh  the  truss.    This  is  generally  the  best 

pending  a  floor  from  a  truss. 

'9  >  detail  of  jcrint  jl  of  the 

[. 

milted  for  Special  Kaaioni. 


ep  the  middle  part  of  aa  attic 

isabie  to  OHisCrucl  tbe  lower 
n?  of  two  timbers,  thoroughly 
,  as  shown.  What  has  been 
K>  ccrtinterbraces  hi  queen-rod 
also  to  this  truss,  although  in 
continuous  rafter  aids  very 
sistiog  distortion  from  wind- 
lat  for  ordinary  constniction 
ot  exceeding  40  ft  it  is  safe  to    Fig,  11a.    DetailofJoint^.FIg.ll. 

SopportLni  Conunoii  SaftKi.  Before  describing  other  typa 
ay  be  weD  to  oonsider  the  manner  of  supporting  the  oommoa 
rusaes.  Occasionally  it  is  desiiahie  to  span  the  commoD  nfteca 
ruiB.  but  as  a  general  rule  it  is  better  coDStiuction  to  support 
I  of  large  beams  or  puruhs  which  themselves  span  from  truH 
■n  in  Fig.  13. 

H  truMcs  can  be  deatgoed  so  that  tbe  purlins  need  not  be  more 
rt,  and  very  often  not  more  than  6  ot  8  f t  qart;  so  that  the 
need  Dot  be  mors  than  1  by  4  «r  1  by  6  in  in  croee  aection.  wUle 
'  be  aptaei  ii,  14.  ix  16  ft  on  ctnteis.    As  a  nik  •  apadng  of 
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■bout  14  ft  for  the  truues  and  of  9  It  6  in  for  the  puriim  is  (oond  to  be  ll 
most  eamoroicil  UTUtsnoeat.  Another  adrantage  in  the  me  oi  piutins 
that  vbcre  ttiey  ir  pluxd  at  the  trun-joint*  no  liendiiis  stnae*  an  develop 
in  the  tnufr-nftera  ot  chorda;  and  beace  the  latter  nay  be 


Fig.  12.    QtKCO-md  Tidh  with  Middle  Fait 


they  supported  the  common  ralters.     Foi  wooden  trusses  ol  60  It  ot  gieal 
spao,  purlins  should  always  be  used. 

Support*  for  Pndilll.    Purlins  may  be  placed  with  their  sides  either  Totii 

01  at  right-angles  to  the  plane  oi  the  roof,  as  shown  in  Figs.  2  and  13.    T 

ends  of  the  puitinsm 

be  supported  by  ma 

of  beam-hangen.  di 

Cribed  in  Chapter  XX 

by  double  stirrups;  ' 

3-in  planks  bolted  a 

s|Mked  to  the  sidei 

ihc   trusses;    or   Ui 

may  rest  on  the  t 

chords thonseKes.  T 

oeilLni-jtHsts  or   Boi 

joists  are  usually  is 

ported  at  the  sides 

the  tie-beams,  as  al 

Fig.  13.  or  amfJy  i. 

Fig.  13.    MamKiof  SupponingCommouRifletsaDdPnrliBS    onthem.asatB.  Vh 

they  support  an  at 

floor  it  is  better  to  use  the  latter  construction.    In  the  case  of  scissoas  T«ra 

it  Is  sometimes  more  economical  to  support  the  ecQing-joists*  by  purlins;  I 

when  the  tie-beams  are  horizontal  it  is  more  economical  to  use  then  fort 

direct  support  of  the  ceiling-joists  or  Aoor-joists.     All  chords  wMdi  supp 

rafters,  ceiling-joists  or  floor-jiHsts  must  be  deugned  for  bending  Mrcsses' 

well  as  for  longitudinal  stresses. 

Tniaaei  with  Hotizontal  Chords.    For  the  support  ot  flat  roofs,  witk' 
without  •  ceiling  below,  and  for  conditions  such  that  hotiKmtal  trusses  t 
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types  shown  in  Figs.  14  to  17  are  undoubtedly  the  most  satia- 
ideo  oonstruction,  when  the  span  does  not  exceed  8o  ft;  and 
ies  where  the  cost  of  izx>n  rods  is  relatively  great,  it  is  as  eoonom- 

this  work  the  name  Howe  truss  is  given  to  this  type,  as  it  ia 
of  the  Howe  bridge- truss  to  building-construction;  and  th<^ 
J,  TRUSS  is  also  sometimes  used.    Trusses  of  this  type  can  b« 


i  V      Top  Cbord 


^ 


n  I-  I  I  i 


"-^s 


-^^x 


Bottom  Chord 
Fig.  14.    Five-panel  Howe  Truss 

OonaterBrseM, 


'ParliM 


Fig.  15.    Six-panel  Howe  Truss 


_A_ Bj'SPj^P^X £ D ^ 


Fig.  16.    Ten-panel  Howe  Truss 


L7.    Six-panel  Howe  Truss  with  Top  Chord  Inciined 

^h  for  spans  up  to  150  ft;  but  when  the  span  exceeds  100  ft 
per  to  use  a  steel  truss  of  the  Pratt  type  in  which  the  verti* 
ssion  and  the  diagonals  in  tension.  When  a  Howe  truss  is 
tudinaJ  direction  of  a  flat  roof,  the  top  chord  may  be  given 
le  roof  itself,  so  as  to  support  the  rafters  without  the  blocking 
7.  For  deck  roofs  the  top  chord  may  be  inclined  upwards 
»r  deck-ridge,  to  conform  to  the  shape  of  the  roof,  as  shown  in 
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Fig.  18.  For  deck  roofs  and  mansard  roofs  the  middle  pdiiels  should  hM 
GDunterbraces,  as  shown  in  Fig.  18,  tx>  resist  the  wind-pressure  against  U 
sides  of  the  roof  and  any  imequal  distribution  of  snow. 

Height  of  A  Howe  Tross.  The  height  of  the  truss,  measured  from  cent 
to  center  of  the  chords,  should  never  be  l^s  than  one-ninth  the  span  I 
spans  up  to  36  ft,  nor  less  than  one-tenth  the  span  for  spans  from  36  to  80 1 


Fig.  18.    Howe  Thus  for  Dedc  R00& 

As  a  general  rule  a  height  of  from  one-seventh  to  one^sixth  die  span  will 
most  economical.  When  the  top  chord  is  inclined,  as  in  Fig.  17,  the  height 
X,  that  is,  at  the  shortest  rod,  should  not  be  less  than  the  limit  given  above. 

Number  of  Panels  in  a  Howe  Truss.  In  this  type  of  truss  a  panki 
the  space  between  two  adjacent  rods  or  between  an  outer  rod  and  the  ci 
joint  (Fig.  14).  As  a  rule,  the  number  of  panels  should  be  such  that  the  diJ 
onab  will  have  an  inclination  of  from  36^  to  60*,  an  inclination  of  about  4 
being  the  most  economical.  It  is  not  material  whether  there  is  an  even  or 
odd  number  of  panels.  If  the  position  of  one  or  more  of  the  purlins  is  fii 
by  some  special  requirement,  then  the  panels  should  be  so  arranged  that  1 
upper  joints  come  under  the  purlins,  and  the  inclination  of  none  of  the  diagoD 
is  less  than  36**.  Although  it  is  generally  better  to  have  the  truss  synunctri 
about  the  center,  it  is  not  absolutely  necessary;  nor  is  it  necessary  to  make  t 
panels  of  uniform  width.  When  the  truss  is  not  symmetrically  loaded,  howev 
it  may  be  necessary  to  reverse  the  brace  in  one  of  the  center  panels.  This  po 
is  considered  in  Chapter  XXVII,  page  1102,  under  the  subject  of  unsykqiei 

CALLY  LOADED  TRUSSES. 

Counterbraces  in  a  Howe  Truss.  If  there  is  any  chance  of  the  tr 
being  more  heavily  loaded  on  one  side  of  the  center  than  on  the  other,  corxn 
BRACES,  that  is,  braces  inclined  in  the  opposite  direction  from  that  of  the  rcgv 
braces,  should  be  placed  in  the  center  panels,  as  shown  by  the  dotted  linc! 
Fig.  15.  If  the  truss  is  deep  and  the  diagonals  long  it  is  economical  to  oouni 
bi-ace  each  panel  as  shown  in  Fig.  18.  If  the  number  of  panels  is  odd,  as  sho 
in  Fig.  14,  no  diagonals  are  required  in  the  middle  panel  when  the  braces  and 
loading  are  symmetrical;  but  it  is  good  practice  to  cross-brace  this  pacd 
provide  for  any  accidental  unsymmetrical  loading. 

Spacing  of  Trusses.    The  most  eoonomical  spacing,  center  to  center,  of 
trusses,  all  things  considered,  is  usually  from  12  to  16  ft  for  hmuqs  up  to  Go 
and  from  14  to  20  ft  for  greater  spans. 

Spacing  of  Purlins.  Purlins  should  always  be  placed  as  near  the  tn 
joints  as  possible;  they  should  also  be  spaced  so  as  to  dOfect  the  greatest  ecnoo 
in  rafter-construction.  Their  spacing,  therefore,  determines,  to  a  large  cxti 
the  number  of  panels.  When  the  height  of  the  truss  is  not  more  than  ODe^ni 
or  one-tenth  the  span,  it  is  often  more  economical  to  i^ace  a  poriin  ov^  ev 
other  joint,  as  in  Fig.  16. 
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mtadvm  for  Six-PaiMl  Ho««  Tranm,  flyiamclrictay  LMdsi 

r,  Norway  pbe,  Douglas  fir.  or  eastern  spruce.    (See  Ftg.  15) 
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BMring  on  Wall  or  Post    The  point  where  the  azUl  iinet  of  the  a 

brace  and  of  the  tie-beam  intersect  should  always  come  over  the  support,  u 
if  possible  over  the  axis  of  the  supporting  wall  or  post. 

Strettei  in  a  Howe  Tnisa.  The  stresses  in  the  chords  are  always  greate 
at  the  middle  of  a  truss,  diminishing  towards  the  supports,  while  the  stresses  i 
the  rods  and  diagonals  are  greatest  at  the  ends  of  a  truss. 

Table  of  Dimensions  for  a  Howe  Truss.  In  SYioiEmcAL  xaussi 
having  panels  of  uniform  width  and  uniformly  loaded,  the  stresses  in  the  diie 
ent  members  are  proportional  to  the  span,  number  of  panels,  height  of  tno 
spacing  of  trusses  and  load  per  square  foot.  It  is  therefore  possible  to  prepai 
tables  giving  the  proper  dimensions  of  the  members  of  such  trusses.  Table 
gives  the  dimensions  for  six-panel  trusses  for  heights  of  one-sixth  and  one-eight 
the  span  and  for  three  different  spadngs.  These  dimensions  are  for  a  flj 
roof  covered  with  tin,  sheet  iron,  or  composition;  a  snow-load  of  i6  lb  per  sq  t 
equivalent  to  about  24  in  of  light,  dry  snow;  also  for  a  lath-and-plaster  cdHs 
supported  by  the  bottom  dbord.  The  chords  and  braces  are  of  Norway  pin 
and  the  rods  of  wrought  iron.    These  dimensions  apply  only  when  the  raftc 

J 


Fig.  19.    Lattice  Truss 


are  supported  on  purlins  placed  at  the  upper  joints,  as  in  Figs,  15  and  II 
When  the  rafters  rest  on  the  top  chord,  as  in  Fig.  17,  the  dimensions  < 
the  latter  must  be  increased  and  spedal  calculations  made  for  it.  The  dimefl 
sions  given  in  the  table  may  be  used  for  trusses  of  greater  height  than  thi 
given,  but  not  for  trusses  of  less  height,  as  the  less  the  height  the  greater  tk 
stresses  in  the  chords  and  braces.  When  the  conditions  of  load,  span,  beigfe 
and  spacing  are  not  exactly  as  given  above  and  in  the  table,  the  stresses  shoul 
be  determined  and  the  members  of  the  truss  proportioned  acoordingly;  bi 
even  in  such  cases  the  table  will  serve  somewhat  as  a  check  on  the  ood 
putations. 

Lattice  Trusses.  In  localities  where  timber  is  not  expensive  the  latxic 
TRUSS  (Fig.  19)  is  often  foimd  economical  for  supporting  flat  roofs.  This  tyc 
of  truss  was  invented  for  bridges  by  Ithiel  Towne  in  1820  and  a  large  number  « 
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i  have  been  constructed  with  trusses  of  this  type,  some  of  which 
DOW  (1915)  in  New  England.  The  principal  objections  to  the 
idency  to  twist  sidewise,  like  a  thin  board  on  edge,  its  flexibility 
lane  and  the  difficulty  of  getting  sufficient  bearing  material  at 
As  indicated  in  Fig.  19,  the  truss  is  composed  of  top  and  bottom 
parallel,  connected  by  lattice  bracing.  The  chords  are  com- 
lanks,  two  being  on  one  side  and  two  on  the  opposite  side  of  the 
bottom  chord  the  planks  should  be  as  long  as  can  be  obtained 
0  that  no  two  splices  are  near  the  same  point.  The  available 
om  chord  to  resbt  tendon  is  the  area  of  three  planks  less  the  area 
oints  by  the  connecting  pins  or  bolts.  Each  member  of  the  web 
gle  plank  arranged  as  shown  in  Fig.  19.  The  braces  are  inclined 
ibout  45**  and  usiially  three  sets  are  sufficient,  as  shown  in  the 
nnections  are  best  made  with  American-locust  pins,  which  give 
eas  without  much  extra  weight.  Modem  construction  employs 
;  expensive  and  add  considerable  weight.    There  should  be  at 


Safter 


I 


Top  Chard 

'  2 'Treenails 
or  Bolts 


Mom  Chord 


Xo    /^oV*  pieces 

'^  \ « y\  2x12" 


i 


OBiUaff 


al  Section  of  Fig.  21.    Lower  Joint  5  of  Truss  Shown  in 

in  Fig.  19  Fig.  19 

each  connection,  if  the  planks  are  wide  enough  to  permit,  and 
t  the  chord-joints.  Since  about  one-half  the  web  planks  resist 
the  web  projects  beyond  the  chord  at  least  4  in  to  provide 
dinal  shearing  area.  The  ends  are  reinforced  by  vertical  tim- 
:en  the  chords  and  each  set  of  diagonals  is  thoroughly  fastened 
In  some  cases  it  is  necessary  to  add  timbers  on  the  outside 
d  them  down  to  the  lower  face  of  the  bottom  chords  to  relieve 

bearing-stresses  where  they  rest  on  the  supports.  The  methods 
be  stresses  in  thia  truss  are  considered  in  Chapter  XXVII, 
91.    Figs.  20  and  21  show  details  of  this  lattice  truss. 

M«s  with  Raited  Bottom  Chords.  All  of  the  trusses  thus 
e  horizontal  bottom  chords;  and  this  construction  is  the  most 
as  the  most  economical  and  should  be  used  whenever  condi- 
ssitate  a  greater  height  of  ceiling.  In  roofing  churches,  public 
ceilings  arc  often  desirable  as  they  increase  the  general  height 
t  increaung  the  height  of  its  side  walls. 
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TaU«  IL    I>im«iMioiii  for  Lftttiee  TniasM,  Unifoanly  LM<Ud 

Timber*  Norway  pine.  Donfl^  fir,  and  yellow  pine.    (Fig.  19) 


No.  and 
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out  to  out 
of  chords 
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size  of 

pes  of 
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Sine  of 
braces 

diameter) 
treenails  0 
bolts,  joial 

chord 

1-5.  Fig.  t 
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ITote.  All  joints  should  be  thoroughly  spiked  and  packing  blocks  used  ... 
sary.  When  treenails  are  used  each  chord-joint  should  have  in  acklitioa 
bolt  as  shown  in  Fig.  21. 


^A 


SdMort  TxiitSAt.  For  the  roofs  described  in  the  precedinir  pancimph  sM 
fonn  of  the  scissors  truss,  so  named  from  its  lesembbaoe  to  a  pur  of  id 
sors,  is  most  often  used.  When  correctly  designed,  with  memben  of  the  prap 
size,  and  with  joints  carefully  proportioned  to  the  stresses,  it  is  a,  ytxf  0(M 
truss  for  supporting  roofs  over  halls  and  churches,  up  to  a  span  of  48  ft;  h 
for  greater  spans  it  should  be  used  with  caution,  as  the  stresses  ^^ft^  mi 
great  and  the  joints  difficult  to  make.  Figs.  22  to  27  show  different  locns  1 
this  truss  and  modifications  of  it  adapted  to  different  spans  and  roof-pitche 
None  of  these  trusses  exerts  a  large  horizontal  thrust  if  the  members  aic  \ 
ample  size  and  the  joints  properly  made.    The  members  having  a  phis  sign  i 
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|.  22.    Simple  Sdow)  TniM.    Spue  up  to  Thirtjr  Fed 


^ixat.     For  Stent  Roo{>.    fSn  Chapter  XXVIII,  Pi«a.  IS  ukd  19) 
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them  are  to  coimtESsiON.  vhile  those  having  a  m^ui  aga  an 
<sioN.  The  detemiution  o[  the  actual  horizontm.  thiust  is  coniide 
pages  10SJ-10S7.  The  maabera  indiiated  by  a  aingk  line  ihould  be  n 


case  of  bottom  chords.  Fig.  23  shows  the  simi^est  form  of  t 
s.  which  is  suitable  for  spans  up  to  30  ft.  When  the  span  exoee 
re  economical  to  use  two  purlins  on  each  side  to  suppoR  the  ca 


Fig.  39.    ^oiitKd  Canbend  Trtna.    (See,  alu,  Chapter  XXVm,  Fi^  is  aul  1% 


mon  rafters;  and  additional  supports  (torn  the  bottom  chords  an  geaad 
required,  calling  For  additional  rods  and  braces,  as  shown  in  Fig.  23.  Foc 
Vxp  roof  the  ammgement  shown  in  Fig  24  is  geneiaUy  the  best,  aad  te 
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t  dxywn  in  Fig  25,  in  which  the  acfaBors  pieces  do  not  cross  nor 
Fig.  26  shows  t  finished  trus8»  built  on  somewhat  the  same  Hnes 
ini  in  Fig.  25  but  with  (Mily  one  purlin.  This  truss  can  hardly 
a  scissors  truss  but  is  shown  here  for  convenience.  It  is  really 
as  that  of  the  truss  shown  in  Fig.  33.  .  The  truss  shown  in  Fig. 
>  that  shown  in  Fig.  24,  with  the  peak  cut  off,  but  for  spans 


TVusB.    Spans  ExceeAng  Thirty-six   Feet.    (See.   also, 
Chapter  XXVin,  Figs.  18, 19  and  20} 

is  m(Mre  economical.  It  can  also  be  used  where  the  roof  is 
lis  form  it  is  better  to  use  ceiling-purlins  to  support  the  ceiling- 
n  the  latter  from  truss  to  truss. 

m  TinMes.  Two  of  the  principal  characteristics  of  the  Gothic 
:ure  are  the  relatively  elaborate  ornamentation  of  structural 
posure  to  view  of  the  construction  of  a  building  as  a  whole, 
rch  and  steep  roof  were  developed  the  roof-truss  became  an 

in  the  ornamentation  as  well  as  in  the  construction  of  Gothic 
».  The  trusses  of  this  period  were  built  almost  entirely  of 
Uy  of  very  heavy  timbers,  to  give  the  appearance  of  great 

the  most  common  types  of  these  Gothic  trusses,  and  also 
ital,  was  the  haioier-beam  truss,  still  often  used  in  churches 
>thic  style.  Figs.  28  and  29  show  early  English  forms  of  this 
I  its  name  from  the  horizontal  beam  H,  called  the  haiocer- 
of  the  principal  rafter.  In  the  more  ornamental  trusses  this 
s  usually  carved  to  represent  royal  personages  or  angels. 
iT  in  principle  from  those  thus  far  described,  in  having  no 

no  substitute  for  one.  In  fact  the  trusses  shown  in  Figs. 
x>ixie  within  the  scope  of  the  definition  of  a  truss  given  at  the 
chapter.  Although  the  rafters  or  principals  are  connected 
truss  by  a  short  collar-beaic,  this  offers  but  little  resistance 
F  the  rafters  to  spread  at  their  lower  ends;  and  hence  the 
er  upon  the  transverse  strength  of  the  rafters  or  upon  the 
ills  to  keep  it  intact  and,  generally,  upon  both.  This  form  of 
t  of  an  AKCH,  as  vertical  loads  produce  inclined  reactions  at  the 
alls  and  churches  of  the  Gothic  period  the  walls  were  generally 
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very  thick  and  anally  ninforoed  on  the  oul^de  by  BOTttEstES  bv3t  acii 
tb«n  and  directly  opposte  the  raoI-tnlMei.  In  mart  caae*  «ud>  ■  wall  po— 
(uffideat  lUtHHty  to  vithMand  the  thittst  of  the  tnua.  and  bcnce  the  bott 
chord  may  be  dispenaed  with;  but  io  >  wooden  buildiag  the  mill,  ooka  t 
>t  the  top.  ofier  no  resisliuKe  whatever  to  bdng  thnist  out  and  bentc  id  a 
buildingi,  DO  tnua  which  exeiu  aa  oatmid  thcuit  oa  the  walla  abould  be  nl 


Pi(.  28.    Bamraer-beam  Ttua.    Eariy  E^itk  Fonn 

It  is  IherefotB  geuerally  impracticable  to  use  a  hammer-beam  truss  in  a  moa 
building.  Where  these  truueaaie  used,  theCEiUHGiigBieially  formed  of  ■"-■■t 
sheathing,  nailed  to  the  under  side  of  the  jACK-RAriEas  betwoen  the  po^ 
thus  allowing  the  latter  to  be  seea.  The  purlitu  are  generally  decucate^ 
VAISE  aiBs  are  often  placed  vertically  between  them,  to  divide  the  ceitiw 
FANELS.  The  maia  raften  ibould  be  made  vety  luse  to  pnvcat  tbca") 
breaiinsatthcpoiat  X,  Fics.Z8aiKl2ft.  i 
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Pint  Church,  Baatoa,  Mai*.  An  cxccUcnl  example  of  a 
tnns  adapted  to  modem  conditions  is  shown  in  Fig,  30,  which 
half  of  one  of  the  tnisaes  designed  by  Ware  &  Van  BniDt,  foe 


:t>ston,  Masa.  The  truss  is  Enished  in  black  valnut  and  has 
veiy  strong  and  heavy.  Fig.  31  shows  the  framing  of  the 
:  the  casing  and  FALSEWorE.  It  should  be  noticed  that 
iuiiin  in  the  uppet  part  of  the  tcuas.  Fig.  30,  thtre  is  an  iroa 


lypM  ot  RooI-TnuMS 


.    HumnB-beuB  Tnaa.    FInt  Chaich,  BosUa,  Uaa. 


Types  of  Woodea  Trusses 


1017 


hkk  ledbta  the  teosUe  stress.    In  this  form  ai  truss  the  Bne  of 

t  of  the  aich  enters  the  wail  just  above  the  cokbel,  K;  and»  ao 

indiuQd  only  about  30**  from  the  vertical,  its  tendency  to  over^ 

is  not  vay  great,  and  may  be  lesiated,  in  this  particular  case. 


Span  6f  feet 
DISTANCE  BETWEEN  TRUSSES 
ABOUT  15  feet 


Fiff.  81.    Fruning  of  Thm  Shown  in  Fig.  90 


3  ft  thick,  thoroughly  reinforced  by  a  buttkess  of  proper 
i  the  outside.  In  trusses  of  this  kind,  the  various  members 
fastened  together  wherever  they  cross  or  touch  each  other, 
a  a  whole  made  as  rigid  as  possible.  No  dependence  should 
casing*  and  panel-work  for  any  extra  strength. 
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TroH  foi  Bmmtniid  Cfaaich,  ShalbniBs  PaUa,  If  aw.  Fig.  32  iboi 
•DOthei  fnrm  of  trius  dcsgued  by  Vu  Brant  k  Hove,  for  F.mnmuel  Chiml 
Ridbunie  FiHa,  Mass.    Il  is  pn>b*bly  s  v 


rig.  33.    Woodoi  TniB  witb  Iioo  Tia.    Spuu  up  to  TUrty-eix  Feet 


form  ind  wh«n  secunly  Mied  togrtbet  it  all  the  joints  can  be  tli  iiiiiii  J 
to  ««t  vecy  little  tliiint  on  tbe  irilU.  The  rtftcn  utd  croas-tk  «^1 
'  timber,  sepatsted  but  bolted   toeethcr,  d^p 


upright  members  pasnng  betma)  these 
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D^ds.    The  ftctiop  of  the  stresses  in  hammerobeam  txiisses  is 
lapter  XXVll,  pages  1087  to  1089. 

-DfWM  wi$h  Ir<m  Ties.    Wheve  there  is  no  ceiling  beneath  the 
iesvable  to  make  the  trusses  as  light  in  appeasance  as  poasiblei 


BodD 


^ftrRodC 


Detail  of  Joint  B^ 
F%.S8 


fISi  aaiU..iUtfiS&ata  Iktaifof  Jobt  t^ 
Rid«e,  Fig.  33 


I  sted  nedt  may  be  used  for  the  ties,  and  the  wooden  ralter- 
ts  retaiDed.  For  moderate  spans  such  trusses  are  cheaper  than 
nd  when  the  rafters  and  purlins  axe  of  wood  they  are  about  as 
and  84  show  forma  of  tmsies  well  adapted  to  many  roofs.  Tl^ 
D  n.  Fig.  34  an  for  yeUow-pine  or  Dougka-fir  timber  and  wrought- 


V||.i4.    Woodfli»^[>iiis«ithImaTUs 


iw  ample  for  a  slate  loof,  the  trusses  being  spsiced  bom  12  to 
I,  Trusses  of  the  form  shown  ip  Fig.  33  are  sometimes  made 
7  Had  X>  coQimuous.  Thfy  should  not  be  made  in  this  way, 
the  eoiife  |od  is  proportioned  for  thf}  stress  in  C.  4S  this  stress 
that  in  D.    The  best  construction  for  the  joint  B  ia  illustis^td 
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in  Fig.  33a,  which  shows  a  cast-iron  sboe  fitted  to  the  end  of  the  strut  t 
receive  the  pin.  For  the  truss  shown  in  Fig.  34,  &  shoe  made  as  shown  in  d 
detail  drawing  makes  a  better  connection  for  the  rods,  two  of  the  btter  beio 
placed  outside  of  the  brackets  and  three  between  them.  For  a  truss  with 
single  strut,  a  tuknbuckle  on  the  rod  E  serves  to  tighten  the  rods.    Whc 

there  are  thcee  struts,  tba 
should  be  five  tumbucUes,  i 
in  Fig.  34.  A  ca8t4xDn  she 
should  be  made  to  reodve  tl 
foot  of  the  rafter  and  the  roi 
secured  to  a  pin  passed  thzoiig 
shoe  and  raftec  At  the  ape 
tisOf  of  the  truss  shown  in  F| 
34,  there  should  be  castings  t 
receive  the  ends  of  the  nfta 
and  pins  for  the  tie-bars.  Tl 
apez-joint  of  the  truss  (F| 
33)  may  be  made  either  I 
cfoasfng  the  nxU  throui^ 
CAST  WABBEB,  or  as  showD  i 
Fig.  33b.  The  pins  at  d 
Fig.  35.  Hammer-beam  Tnm  for  Grace  Qiapel,  joints  shouki  be  Gomputed  h 
New  Yoik  City  shear»    beaong    and    fleztf 

More  modem  construction  « 
places  the  cast  iron  shown  with  steel  plates  and  pins.  When  a  hamme 
beam  truss  is  to  be  supported  on  a  derestory-wall  which  is  not  very  tin 
nor  braced  from  the  outakfe,  a  truss  of  the  form  shown  in  Fig.  35  may  1 
used  to  advantage.  It  has  the  appearance  of  a  hammer-beam  truss  and  wfai 
placed  over  a  high  nave  the  effect  of  the  rods  is  not  objectionable.  The 
tie-rods  should  extend 
through  the  hammer- 
beams  to  their  outer 
ends. 

Trust  for  Gr«ce 
Chapel,  New  York 
City.  The  cueved  ribs 
a,  a,  Fig.  35,  have  a  ten- 
dency to  bend  at  their 
smallest  section  and 
braces  uilder  the  ham- 
mer-beams are  necessary 
to  prevent  vertical  deflec- 
tion in  the  latter.  A 
truss  similar  to  this  was 
used  in  Grace  Chapel, 
New  York  City- 


Fig.  86.    Truss  for  Metropolitan  Concert  HaU»  New  Ye 

aty 


Tmss  for  MetropoUtaA  Concert-Hall,  New  Tortt  City.  Fig.  36  shot 
a  form  of  truss  used  to  support  the  roof  of  the  Metropolitan  CoQcert-HaU,  N^ 
York  City,  George  B.  Post,  architect.  The  span  is  about  54  ft  and  the  pnft( 
tions  are  about  as  shown.  The  arch  between  rafters  and  raised  lib  is  ool 
mented  with  sawed  work  and  the  truss  has  a  very  light  aifd  airy  appeansri 
The  tie-rod  is  kept  from  sagging  by  a  vertical  rod  from  the  aowft  gI  ll 
wch. 
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•tbid  Ilbi  Kltfa  Iroa  or  Stetl  TiM.    For  roofing  laite  billt 
naaKua.  man  luoi,  with  u  iron  or  tteel  tk  to  take  op  tke 

ml,  ii  ibodt  the  chopett  constructkm,  espcdilly  where  there  u 
c  sqjparted.    Fifi-  37  and  38  uc  (ood  exunples  of  tbit  (otm  of 


Pit-  S7.    SctmcDtit  TlrabB-  Aich 

CD  KiBs  suppMting  ill  the  load  and  tbe  he-kods  preventing  tb* 

I  irom  tbe  spreadmg  which  would  result  without  them. 

:.  C.  H.  A.  Bnildinc  Boiton,  Han.    This  truss  is  shown  in 

frunework  shown  above  the  arch  is  simply  to  support  the  pur- 
aad  cany  the  load  directly  to  the  arch.  It  doe*  not  assist  the 
/  in  carrying  the  load. 


FJ(.  38.    Scsmentsl 


h«  FUth  Atcdub  Kidine-Stbmd,  Raw  Toik  City.  The 
ting  the  roof  of  the  Fifth  Avenue  Riding-School,*  New  Yorit 
UDUiual  and  voy  ingenious;  and  as  it  is  an  excellent  example 
)f  tbe  arched  form  of  truss,  a  brief  descriptioa  is  added.  The 
room,  which  is  106  ft  6  in  long  by  73  ft  wide,  is  shown  in  Fig,  39. 
t  free  from  column^  tbe  entire  roof  being  supported  by  two 
of  whit^  is  ahown  in  Fig.  BS.  The  entire  roofing  la  suppoited 
■■  fcstJiig  on  these  two  large  ones,  ndi  of  tbe  latter,  however 


in  X90S.    Tbe  oU  tnmm  wi 


E  used  b  tba  alteied  sti 


A 

!    J 

t"" 

>^ 

K 

.^..    i 

4 

K 

X 

X 

X 

>^ 

2; 

Fig.  39.    Plan  of  TniM-fnuaiiig  ol  FTlLh  Avarnc  EUding-Khoal,  New  YoA  Ciii , 


flf  4a    DeuQ  of  Ins  ^cirbail  ud  Poal  of  Tiun  SIMM  fo  7%.  M 
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}^  t  roof-Aitt,  equal  to  about  a  930  iq  ft,  and  a  great  amount 
rork.  The  method  employed  to  resist  the  thrust  of  these  large 
theuseof  njdsahovHogin  theiooa  is  veiy  iageiuous.  Opposite 
of  the  inm  poats  which  receive  the  arched  ribs  are  oak  struts 


ed  Woodea  Truss.    City  Armoiy,  Qevcland,  Ohio.    Span  79  feet 

iron  tie-bars  and  heavy  iron  beams  and  togethei*  forming  a 
t  each  end .  These  two  trusses  are  prevented  from  being  pushed 
-in  iron  tie-bars  in  each  side  wall,  as  shown  in  the  plan  (Fig.  39). 

the  two  iron  posts  are  tied  together  by  iron  rods  numing  under 


•— WHOSpait— • 


Arched  Wooden  Thns,  Singer  HiaO,  Phihdeiphis,  Pa. 

lenirth  <if  the  room.  AhogeCher  this  gives  for  the  tifr-roda 
by  i-in  inxi  bars  and  one  iH-in-diam  iron  rod,  equivalent 
tie^bara.  Enlarged  sections  of  the  nbs^  uprights  and  braoca 
S,  It  should  be  noticed  that  the  uprights  have  iron  rods 
hnhHng  Che  two  riba  together.    Fig;  40  shows  a  detail,  or 


1084  Type*  of  Roof-TnuMg  Clwp.  I 

cnluged  vinr,  cJ  (he  Iron  beiwbaije  and  pott  at  ouli  cod  <<  the  Uiu>  dxnn : 

TniM  (or  CHr  Amory,  CleveUiid.  OMo.*  Fig.  41  d>ow*  the  nnb 
adopted  foe  mpponing  the  roof  >ad  gslloy,  tbe  ardi  bdng  o(  wood. 

TniM  for  skncar  Hall,  Philadalphia.t  Fig.  42  diam  oce-hiU  ol 
AlCHEP  WOODEN  liDSS  wluch.  With  levcDteen  others,  mi  doicncd  to  mnx 
the  roof  over  the  antral  b^  of  Slogct  Hall,  Philaddphu,  Huelhunt  &  Hud 


Tic.  43.    Thm-ccDURd  Curved  WoodcD  Trua.    O.  N.  G.  Amoiy,  CisdaBMl,  01 

architerti.  This  building  was  erected  in  1897  for  the  uie  of  the  lusbte* 
National  5liii«erfest,  and  was  intended  only  for  temporary  uic  With 
dimenaioiu  slightly  increased,  however,  these  trusses  wouM  be  initabk 
pennacent  uie.  Tbty  were  ipiced  10  ft  center  to  CCBter.  A  dcKriptiof 
the  building  and  trusaei  was  published  in  the  Eagioecring  Record  of  Januai 
J897. 

Tnai  tor  O*  O.  !!•  O.  Amoc;,  CiBcUnati,  OUo.  Fic.  43  ihcnr*  a  t 
used  in  this  buildiDg.  Tfae  curve  of  the  aual  line  of  the  arcb-tiuss  ii  a  tt 
centered  ciiipK.  Huuufoid  &  Smu  yitm  the  ardulccti  of  the  buOdiac 
G.  BouKaien  wu  the  deagoer  of  the  trusses.    (See  the  E    '  '  ~ 

ing  Record,  December  7.  1BS9.) 


Typ^  of  Sted  TniaBea 


loas 


1  TypM  •!  8tMl  TmnM 

'  Pftehtfd  Koofs.    For  ordinary  Gonditions  and  for  ^)ans  under 

le  of  the  t]^pes  shown  in  Figs.  44  to  55  will  generally  meet  the 

f  strength  and  economy.    Trusses  of  these  types  are  composed 

s  and  angles  _ 

ijoints.  This  ^ 

cheaper  coor 

k  OHnbination 

ods  with  pin- 

o  much  more 

ne  dimension 

les  not  exceed 

bey  can  be 

:ed  up  in  the 

e  they  are 

idgment  will 

•  parts  frhich 

r  rail,  leaving 


.^•,.^- 


Fig.  44.    TrasB  for  a  Narrow  Shed  or  Shop 


be  riveted  at  the  building;  hot  entire  trusses  having  spans  even 
raised  from  the  ground  and  put  in  place.  Oocasiooally  a  stnic- 
magnitude  that  this  is  not  feasible,  in  which  case  the  trusses 
n  parts  and  riveted  afterwards.    For  a  narrow  shed  or  shop  a 


Simple  Fink  Truss.    Spans  from  Twenty  to  Thirty'Siz  Feet 

e  shown  in  Fig.  44  is  the  most  economical,  the  truss  proper 
1  endoaed  within  the  points  A,B,C.  This  truss  is  practically 
shown  in  Fig.  45.  For  spans  of  from  24  to  48  ft,  and  indina- 
ig  6  in  to  the  foot,  the  types  shown  in  Figs.  46  and  47  are  the 
ntaaes  of  the  types  represented  by  these  two  figures  are  called 


16.    Fan  Truss.    Spans  from  Thirty-six  to  Fifty  Feet 

e  truss  shown  in  Fig.  45  is  known  as  a  simple  Finx  tkuss. 

Fig.  47  ia  supported  on  columns,  the  knee-braces  B  and  the 
essed  only  when  the  building  is  subjected  to  wind-pressure. 

by  the  middle  dotted  line,  Fig.  46,  is  generally  inserted. 
kstructioa  demands  three  purlins  on  each  side  of  the  trusa» 


1001 


Ty^m  of  RooMVufloei 


Cbap.  j 


one  of  the  forms  shown  in  Figs.  48)'40,  80,  tx*  51  should  be  used.  The  td 
Fkencb  appears  to  be  generally  given  to  those  tiuascc  in  which  the  tie4>caM 
raised  or  cambered  in  the  oiiddle.    The  truss  shown  in  Fig.  51  may  be  am 


Fig.  47.    Fan  Truss  with  Knee-bnoes.    Spans  from  Forty  to  Sixty  Feet 

a  TKIANGULA&  PsAXT  XIU86  Ei  the  web  is  composed  of  vectic«U  m  cmnpRsii 
snd  diagonals  in  tension.  This  truss  is  not  as  ecooomicaJ  as  tht  FnvK  rmv 
tKcept  when  the  Indination  of  the  caltsr  is  lest  than  U  pttch.  This  is 
4QQoimt  of  the  great  length  of  the  wcb^nmnbcri  hi  compwrion.    la  desigiii 


Fig.  48.    Fink  Truss.    Spans  from  Forty  to  Eighty  Feet 

steel  trusses  it  is  desirable  to  have  as  many  xnembers,  and  ei^ieciaJIy  aa  m 
long  membeia»  in  tension  as  possible,  as  a  given  weight  ol  ateel  itsiMs  a  in 
greater  stress  when  in  tension  than  when  in  oompressioBL  The  great 
of  FiNx  TRUSSES  and  yam  trusses  lies  in  the  fact  that  moft  of  the 


Fig.  49.    French  Truss.    Spans  from  Forty  to  Eighty  Feet  ] 


and  61, 


are  in  tension  and  the  atruU  are  short.    By  compartog  Figa.  fiO 

seen  that  the  inner  strut  in  Fig.  50  is  on]y  one-half  as  long  as  the  stntt. 
51.    If  the  roof  is  hipped  it  is  desirable  to  have  vertical  aici 
trusses  to  receive  the  short  trusses  or  trusgco  pcrums. 


fig.  50.    Fink  TnKs  with  Vcrtkd  S 


lypeaof  StBd  TniflBes 

ak  and  Fan  TnMMS.  The  depth  of  these  trus 
i  detennined  by  the  loofingHnaterial.  Thus  slate  she 
I  which  the  rise  is  not  equal  to  ooe-thizd  the  span.  I 
should  be  aot  less  than  ooe^fourth  aad  for  ooimgati 
th  the  spso.  Steel-roU  roofing  may  be  used  where 
the  span.  There  are  many  kinds  of  80<alled  reab 
which  may 
y  slope  ex- 
:o  the  foot, 
el  roofing 
used  on  a 
^  in  to  the 
ig  the  con- 
\  roof  and 

:  traans,  the  moat  ecoaomical  pitdi  for  a  rool  is  i 
or  what  is  commonly  called  a  QUAniER-pircH,  the 
B  ler  each  is  in  of  run,  or  36"  34'.  When  the  1 
the  span  some  other  type  of  truss  is  generally 
tion  of  the  loof  is  detennined  ahnoat  entirely  by  th 
ise  is  generally  made  from  6  to  7  in  in  la  in.    \ 

TK179SBS     or     VAM 

having  fakcUnatioi 

rafters  not  exceed 

a  more  economical 

a  horisontal  chord 

truss  whose  boti 

has  arise  of  2  or 

Fig.  49,  prasents 

rer,  than  one  with  a  horizontal  chord.     SLaising  t 

illy  increaaea  the  stresaes  in  the  truss-members  i 

For  steep  roois^  however,  it  ia  generally  as  ecoi 

hord,  because  of  the  shortening  of  the  members. 

i«lfl.    The  NUXBEK  or  panels  that  should  be  us 
determined  in  great  measure  by  the  construction  c 


Pratt  Trass 


Flok  Tnisa  with  Knee-braces.    Span  Sixty-eight  Fast 


LirliDJi  are  used  the  length  of  a  panel  mair  beasgte 
nf  t«n  and  the  planking  of  the  roof  is  nailed  diie 
e  placed  not  more  than  S  ft  apart;  and  if  the  roof 
secured  to  the  purlinsi  the  purlms  should  be  not 
tieoever  the  purlins  are  mrore  than  4  ft  apart  tl 
a-JQtnts  to  prevent  Urge  bending-atroaaea  ia  the 
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The  spacing  of  the  purlins,  therefore,  generally  determines  the  mnnbcr  of  pan 
in  each  half  of  the  truss.  For  this  reason  also,  the  same  form  of  tnm  may 
required  for  spans  of  40  and  80  ft;  but  of  course  the  members  will  not  be 
heavy  in  the  40-ft  truss  as  in  the  one  with  greater  span.  Most  of  the  tna 
shown  in  Figs.  45  to  55  are  drawn  from  executed  designs  and  give  a  go 
idea  of  the  most  economical  division  for  different  spans. 

Truta  over  C«r-BaiA»  Newark,  If.  J.    When  stresses  due  to  flexure  1 
developed  in  the  truss-rafters,  that  is,  when  they  are  loaded  between  the  jail 


Fig.  53.    Fiak  Tnus.    Spw  Fifty-one  Feet  Six  laches 

the  distance  between  the  latter  should  not  exceed  9  ft,  and  preferably  7  Oil 
depending  somewhat  upon  the  distance  between  the  tmsaes  themselves.  1 
diagram  shown  in  Fig.  55  represents  one-half  of  one  of  the  steel  trusses  used 
roofing  a  car-bam  for  the  North  Jers^  Railway  Company,  Newark,  N.  J .  Th 
are  13  of  these  trusses  spaced  19  ft  aH  in  on  centers,  each  having  a  spaa 
98^  ft  between  the  centers  of  th^  supporting  columns,  to  which  they  are  iii« 
by  splice-plates  engaging  the  end  connection-plates  and  the  webs  of  the  colun 
Tbe  dimenai<ms  of  the  principal  members  of  these  trusses  are  indicated  in  c 


Fig.  54.    Fink  Trass  with  Vertical  Strats,  for  Drill-ha]].    Span  Eighty  Fi 


nection  with  Fig.  55.  There  is  a  more  complete  description  in  the 
Record  of  June  32,  1901.  These  trusses  were  shipped  in  four  sections*  id 
were  assembled  on  the  ground  in  a  horizontal  plane  and  riveted  up 
The  bottom  chord  was  stiffened  by  rails  lashed  on  eadi  side  of  its 
length,  and  a  sling  being  attached  to  the  apex  of  the  top  chord,  the 
lifted  and  set  on  top  of  the  columns  by  a  gin-pole,  50  ft  in  length.  1 
roofing  consists  of  corrugated  iron  supported  by  5-in  I-beam  purfins,  wc|d 
xo  ib  to  the  foot,  spanning  from  truss  to  truss  and  bolted  to  the  laftetf^ 
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ch  end.  Tlie  geaend  fpftdng  of  the  purUns  is  4  ft  9%  in.    Tbii 

)le  of  an  extremely  Hght  roof ,  the  wcii^t  of  each  truas  being  about 

he  entire  wdght  of  truaa^  puiliBS,  bndng  of  loirer  diocd  and 

roofing  being  only  8  lb  for  each  hoiiaontal  foot  of  luzfaoe  cov* 


list  of  Dssfirijrioas  of  Different  Types  of  Roof-Tnssset 
Engiimnriag  Reoocd 


Date 


I1Z9, 1892 

"M90X 

ry4, 19W.... 
my  21k  1903.. 
It  12. 1905.... 
aiber2,i9Q5. 
Dber  x6, 1905 
mbera.  1907. 
nber  16, 19x1 
CTT.  19XX.-. 


Type 

-Mtfnberof 
paads 

Howe 

8 

j  Fiak 
\  Pan 

8 

Z3 

Fink 

8 

Pxatt 

6 

Pan 

la 

Pan 

xa 

Fink 

8 

Truas 

16 

Truss 

la 

Fink 

x6 

iBMuiSL  The  truas  diownin  Fig. 54  wasdeaigned  for  the  loof 
lag  a  span  of  80  ft  and  a  spacing  between  trusses  of  ao  ft.  The 
onstructed  with  2  by  8>in  lafters  supported  by  puxlins  at  the 


S4'z  S^x''/mV» 
M'«  39^zH'L*« 
S49^xflxX'  !.'• 
l4K^xlPxX'  L'. 

t4M^xS3^sVML*t  8 


r  Car-bam,  Newark,  N.  J.    Spaa  Nfnety-eight  Feet,  Three  laches. 
(See,  alio,  Chapter  XXVUI,  Fig.  25) 

R  and  P.  Sashes  were  to  be  placed  in  the  rise  CD,  to  light 
building.  The  joint  at  X  was  located  with  reference  to  the 
sry-rodf  but  if  ^ere  had  been  no  gallery  it  would  have  been 
>  space  the  vertical  struts  uniformly,  as  in  Fig.  50.  In  all 
ted  the  plus  sign  adjacent  to  a  member  denotes  that  the 
UBS8101V,  whfle  the  mihus  sign  denotes  that  it  is  in  tbmsion. 
e  the  mnin  rafter,  as  CD,  DE  and  EF,  in  Fig.  54,  and  a  and  b 
»nn  a  psrt  of  the  truss  proper,  but  are  merely  a  framewock  to 
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lopport  tbe  devmtcid  nx>C  and  in  dctwing  the  fltreafr-di^cram  for  the  verlj 
kMuis  tfacgr  woakl  be  omitted. 

in  tlie  ieaam  of  the  Engineeriag  Record  siven  in  T«ble  HI  may  be  foond 
icriptiong  and  iiloetrttians  ol  seveni  types  at  rool-truases,  indudiqir  the  loi 
described  above. 

Fink  TniMes  with  Pin- Joints.    The  use  of  pin-joints  in  ordinaiy  n 
trusses  lias  practitaOy  been  abandoned,  even  for  long-apon  heavy  trsMes. 
the  Engineering  Record  of  March  12,  1892,  there  is  a  description  of  a  Fink  ti 
with  pin-jointa.    The  truss  is  heavy  and  is  built  entirely  of  rolled  mctaL    1 
tension-membesra  are  5,  6  and  7-in  ^e-bars.    The  qpan  is  about  105  ft. 

TruMts  for  ¥M  Rooft.    For  wppoitiBg  flat  vooIb  or  voola  having  a 

not  exceeding  lin  to  the  foot,  one  of  the  types  shown  in  Figs.  56  to  60  wiD  i 


Fig.  £6.    Wazita  Truss  prith  Verticah.    Span  Fifty-six  Feet 

erally  be  found  economical,  the  choice  of  the  particular  type  depending 
on  the  span  and  on  whether  the  truss  is  supported  by  columns  or  by  brid 
fitone  wa8s.  For  spaas  up  to  about  50  ft,  c^erof  the  fiaroBB  ^cmm  in  Fisi 
or  57  answer  all  practical  requireraests.  Tlie  tmss  shown  ioFig. 56  ia  jnteo 
to  be  used  where  the  slope  of  the  loof  is  at  light^aogka  to  the  tnaaa.  It  cai 
built,  however,  with  the  top  chord  inclined  as  in  Fig.  57.  The  end-diaga 
in  Fig.  50  are  in  tension,  while  in  Fig.  57  they  ane  in  compression.  The  porti 
of  the  lower  chord  between  the  end- joints  and  the  walls  (Fic-  56)  have  no  at 


Fig.S7,    Warren  Trass  with  Vertlc^  and  £aeo4>nfiet. 

Fifty  Feet 


Spaas  from  Tfainjti 


hem  therool-loadtbut  are  put  in  to  add  rigidity  to  the  oonstnicti(Ma  as  a  wl 
In  trusses  supported  by  brick  walls  this  type  is  preferable  to  that  shown  in  Fig, 
while  the  latter  is  more  smtable  when  the  loof  is  supported  by  cxilixnns.  ' 
vertical  A,  Fig.  57,  is  inserted  to  receive  the  tension  or  compression  fican  |j 
B,  aad  has  no  stress  from  the  roof-loads.  ^ 

Dottbl*  Wartan  Truw.  The  trass  shown  m  Fig.  58  is  known  as  a  do^ 
Waeseh  TBtTss,  and  is  desirable  where  it  is  important  to  make  the  tmsM 
ibaitow  as  pnulicafale.    It  can  be  built  with  light  iiieBbeia»  and  is  a  v^ 


lypeiof  Steel  Tmmcs 


loai 


itpecially  niuUe  Sot  ioef»  supported  by  steel  columns.  Fig.  58 
iAtnitf  jnwtosluie.  The  member  in  the  middle  indictted  by  tbe 
louU  never  be  oaytted,  although  examples  may  be  found  where  it 
included.  Fig.  50^  also,  represents  a  roof-truss  which  was  oon- 
a  span  of  57  ft  and  supported  by  steel  columns.  The  entire  load 
s  tranauitted  to  the  colunms  at  the  intersection  of  the  diagonals 


Raften^ 


F!g.  58.   Double  Warren  Thiss 

fp  chord.    Fig.  60  shows  a  truss  of  96-ft  span  over  a  jjer-shed, 

y,  the  trusses  being  spaced  20  ft  apart.  They  are  about  10  ft 
I  300  lb  each.  They  were  delivered  from  the  shops  completely 
riveted,  and  were  xaiaed  and  set  in  position  by  falls  suspended 

B.    The  dimens&Q«is  of  these  trusses  are  given  in  the  Engineering 

\a^  18^  1896. 


F%.  80.    Pratt-tTHS  Type.    Span  Fifty-eeven  Feet 

d  Wklm9  0iga«  in  these  iHustnttioiis,  as  has  been  mentioned 
COMPRESSION  and  tension,  respectively,  under  a  uniformly  dis- 
lad.  The  plus  and  lamrs  signs  used  together  indicate  that 
y  be  subject  to  eitbek  tension  ok  compression  according 
of  the  irind  oir  tQ  tbeBumocr  of  distribution  of  the  snow.  In 
mssM  u&sjrmmetrical  loads  may  change  the  stresses  in  the 


Type. 


pNewYoskaty.    Span  NuKty-«iz  Feet 


le  middle  of  the  truss.  This  changing  of  stresses  due  to 
is  oOBsideced  on  pages  1096  to  1104.  The  trusses  shown  in 
e  almost  invariably  built  with  riveted  connections  and  with 
hapes  for  all  members. 

mMf  shown  in  Figs.  61  and  62,  is  the  form  of  steel  truss 
nappoit  floor-loads,  the  members  indicated  by  double  lines 
noiv  and  those  indicated  by  single  lines  in  xsMtion.    Whea 
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supporting  floors  are  subject  to  moving  loads,  cOTnmsTEes  should  be  insertc 
where  indicated  by  dotted  fines.  For  trusses  of  this  type  PiN-coifNBcnoMS  v 
generally  employed  and  are  preferable  to  rivbted  connections. 

The  Quadrangular  Truss.    The  truss  shown  in  Fig.  63  is  known  as  a  qua 
KANGULAR  TRUSS,  and  has  the  proportions  of  the  truss  over  the  amphitheat 


Fig.  61.    Piatt  Truss 

of  the  Madison  Square  Garden,  New  York.   Figs.  64  and  66,  also,  show  variatia 
of  this  type,  di£fering,  however,  from  the  latter  in  having  all  the  diagonals 
each  half-truss  inclined  in  the  same  direction.    In  the  typical  truss  their  directii 
is  usually  reversed  at  about  the  middle  of  each  half-span  in  order  to  keep  the 
in  tcnsioa.    The  plus  and  minus  signs  indicate  the  kind  of  stress  produced 


fig.  62.   Suspended  Pratt  Trass 

a  member  by  a  uniformly  distributed  dead  load.  It  should  be  noticed  that  t 
middle  diagonals  of  trusses  64  and  66  are  in  compression.  These  tnissoB  a 
well  adapted  to  steel  coostraction  and  to  spaas  up  to  180  ft.  When  the  sp( 
exceeds  100  ft  one  end  of  the  truss  should  be  supported  on  rollers  to  allow  i 
the  EXPANSION  or  contraction  in  the  steel.    In  these  tniSKs  tlie  load  is  txm 


.  New  T< 


Fig.  63.    Quadrangular  Trass.    Amphitheater,  Madison  Square 

City 


mitted  to  the  top  of  the  orfumn-support,  the  truss  proper  being  inchided  _  .^ 
the  points  i4,  B,  C,  D  and  E,  Figs.  64  and  65.  The  continuation  of  the  botfi 
chord  to  the  columns  is  for  the  purpose  of  bracing  the  roof  from  the  latter,  tfa 
being  no  stresses  in  these  end-diord  members  due  to  vertical  loads.  Tins  a4 
ber  B,  Fig.  63,  and  the  corresponding  member  in  Figs.  64  and  65  shooU  be  «i 
P*nf/^«<i  to  lesst  both  tension  and  oompressioo.    Foe  short  spans  the  loi 


Type*  of  Steel  Tniwa 


Fi|.  St.    QoidiuigiiUr  TrVB.    Spu  Eighty  Feet 


Fit,  6S.    Qouhingultr  Treu 
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chord  may  be  made  in  the  shape  of  a  semicircle  or  half-ellipae  so  as 
more  of  an  arch-efifect.    There  ait  numerous  examples  in  this  country 


aJteielfl  9V«78'0 -apa& 


Fig.  07.    Riveted  Truss  with  Broken  Top  Chord.    Power-house,  Interboioash  Raf 

Transit  Company,  New  York  Qty 


Fig.  68.    PSn-oonoected  Tn»8  Over  Drillohall,  7%st  ke«inMnt  Aonoty,  New  Task  ( 


taagutar  trusses  having  kpuis  Ot  ffOm  too  td  iSb'ft.    TtUt  XHb  Mtfer 

customary  to  build  the  trusKS  with  KHObMHtctiOHB,  BYE-kass  taoB 

the  ties.    When  this  is  done  it  ii  tumally  iubcttmty  to  inaert  oovniZKSBS4 


Atch^d  Truastt 


l^M 


of  each  hiJf  of  the  tnlss  as  «hown  by  the  dotted  lines.  Fig.  6S, 
ttymmetriaftl  or  wind-ldwil  tlie  stresBes  Id  the  diagonals  are  gener* 
For  Bpttis  leas  than  tod  ft,  the  trusses  may  be  bmlt  with  RivetED 
In  this  OMe  the  diagonab  ate  gesenliy  made  of  angles  capable 
Dth  tdifliea  fluid  compnsskm,  the  counterbraoes,  therefore,  not 
.  For  this  type  of  trass  the  stresses  due  to  wind  and  snow  should 
odependent^  of  the  dead  load  and  the  members  computed  for 
■tiesses  produced  by  every  possible  combhkation  of  loading. 

r  the  AiKfltoriitm,  Kansas  City,  Ho.  A  description,  with 
the  truss  shown  in  Fig.  66,  whidi  is  a  diagram  of  one  of  the  trusses 
is  City  Auditorium,  may  be  foimd  in  the  Engineering  Record  for 
ind  in  the  Bngineeiing  News  of  November  2, 1899. 

ass  with  Broken  Top  Chord.  A  description  is  given  in  the 
ecord  of  Octoibet  15,  1904.  The  span  !s  78  ft  between  oenters 
Dg  columns  (Fig.  67). 

)rill-HaIl,  Kew  York  City.  A  p!n-connected  truss,  over  the 
t  71st  Regiment  Armory,  New  York  City,  has  a  span  of  190  ft 
escriptions  of  it  ar^  given  in  the  Engineering  News  of  June  x6, 
i  Engineering  Record  of  July  2, 1904  (Fig.  68). 

t.  Jkftlred  Tm*«t 

letween  an  Arched  Truss  and  a  Trussed  Arch.  For  sup- 
f  of  very  large  spaces  such  as  driU-halls,  riding-halls,  railway 
.,  trusses  in  the  form  of  arches  or  arches  composed  of  trussed 
en  employed .  The  essential  difference  between  an  asched  truss 
RCS  is  that  under  reitical  loads  the  supporting  foroesof  an  arched 
al,  while  for 
I    they    are 


vssss.  Pre- 
0-  tBtemest 
iroa  trusses 
ere  buiSt  in 
bow,  ftom 


'Fig.  69.    Bowrtrfiv  T9tm 


msses  of  this  type  were  built  with  spans  of  from  88  to  art 
e  at  the  middle  of  horn  ^  to  ^  the  span.     At  that  time  this 

type  WB9  considered  the  most 
economical  for  qsans  exceed- 
ing 120  ft,  but  in  recent 
years  they  have  been  com- 
paratively littlie  used.  Fig. 
69  is  the  dla^m  of  a  bow- 
string truss  with  a  span  of 
153  ft  6  in.  The  trusses  in 
this  particular  case  are 
spaced  21  It  6  in  apart. 
chord  consists  of  a  wrought-iron  deck-beam  9  in  deep,  with 
plate,  lircfted  t^  its  upper  flange.  TofNMb  the  springing 
gthcned  with  7  by  Tft-'in  plates  riveted  on  each  side  of  the 
i  struts  are  wrougfat^ron  t  beams  7  in  desp.  The  bottana 
ttioBal  SMS  of  6%  sq  in  and  each  drngOBnl  tensipn-iod  a 


70.     Bowstring  Truss 
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diameter  of  i^  in.  Each  truu  is  fixed  at  one  end  and  rests  on  BOi 
at  the  other,  alloviing  free  expansion  and  contraction  due  to  chances  ol 
perature  in  the  metal.  Fig.  70  shows  a  similar  truss  having  a  ^wn  of  21: 
It  consists  of  BOWSTRING  PUNCiPias  spaced  34  ft  apart.  The  rise  is  cm 
the  span,  the  middle  of  the  bottom  chord  rising  17  ft,  and  of  the  top  chord 
above  the  springing.  The  top  chord  is  a  x5-in  wrought-iron  I  beam  and 
bottom  chord  a  round  rod  in  short  lengths,  4  in  in  diameter  and  thickf 
the  joints.  The  ties  of  the  bracing  are  of  plate  iron  from  5  to  3  in  in  width, 
%  in  thick.  The  struts  are  formed  of  bars  having  the  form  of  a  cross.  Di 
the  last  ten  or  twelve  years  a  number  of  roofs  have  been  suppcwtcd  on 
which  can  hardly  be  classed  as  simple  trusses;  and  yet  it  is  qucstionablQ; 
they  are  true  arches.  Probably  the  frames  act  partially  as  simple  tru^ 
and  partially  as  arches. 

TruMet  for  tho  ConMrratory  Building,  Garfleld  Pirk,  Chicaco,  1 

Engineering  News,  August  aji  1908.  The  roof  is  supported  by  poxntsd  truss 
spaced  12  ft  6  in  on  centers.  The  truas-^)an  is  80  ft  6  in,  center  to  center 
end-supports.  The  chords  of  the  trusses  are  parallel  and  connected  by  Warri 
BRACING.  Both  ends  of  the  trusses  are  bolted  to  the  supports  and  consequent 
there  must  be  some  horizontal  thrust  under  certain  conditions.  The  truss 
are  riveted  at  all  joints  and  have  no  hinges  or  pins. 

Trusses  for  the  Chicago  tad  North  WeflteiA  Railway  Station,  Cbicac 

ni.  Engineering  Record,  June  18,  19x0.  The  roof  over  the  main  waitins-roa 
is  carried  by  trusses  each  having  a  span  of  90  ft  4  in  and  a  rise  of  31  ft  and  bcfa 
riveted  to  columns  about  27  ft  6  in  apart.  All  connections  are  riveted.  Tl 
clear  height  of  the  bottom  chords  at  the  middle  is  84  ft. 

Trusses  for  the  Peoria  and  Pekin  Union  Railway  Trains-Shod,  Poori 

Ol.    Engineering  Record,  December  8,   1900.     The  trusses  are  riveted 
columns  about  30  ft  above  the  floor  and  spaced  20  ft  apart.    The  truasH^MOi 
X09  ft  4  in,  center  to  center  of  end-sui^x>rts,  with  a  dear  rise  of  about  10  i 
The  depth  at  the  middle  is  18  ft  and  at  the  end  6  ft.   All  connections  are  rivetc 

Trusses  for  the  New  Union  Station,  Washincton,  D.  C.    Engincerii 

Record,  February  6,  1904.  The  concourse-roof  is  supported  by  rmrscia 
TRUSSES,  each  having  a  span  of  132  ft  5H  in  snd  a  clear  rise  of  22  ft  sH  in.  Tb 
are  spaced  about  39  ft  4  in  apart.  One  end  of  each  truss  rests  upon  masoa 
and  the  other  is  riveted  to  a  heavy  plate  girder.  All  connections  are  riveU 
The  bottom  diord  at  the  middle  is  45  ft  above  the  floor.  The  truoses  aver  t 
waiting-room  of  the  same  station  have  a  span  of  137  ft  8  in  and  a  rise  off  4s 
5  in.  The  chords  are  parallel  and  the  ends  are  anchored  with  bolts  to  t 
masonry. 

Trusses  for  the  Riding-Hall,  Armoiy  for  Squadron  C,  Nattonal  Gnaa 
Brooklyn,  N.  T.  Engineering  News,  August  29,  1907.  The  main  trusses  ha 
a  span  of  179  ft  2  in  and  a  rise  of  about  66  ft  in  the  dear.  The  total  dcptii 
the  truss  at  the  middle  is  14  ft,  while  at  the  ends,  where  the  chords  apprai 
each  other  and  finally  become  vertical,  it  is  3  ft  3  in.  One  end  is  anchored 
the  masonry  and  the  other  is  on  rollers.  The  trusses  are  in  pairs  xo  ft  xi^ 
on  centers  and  the  pairs  arc  spaced  38  ft  8^  in  on  centers.  All  connections  i 
riveted. 

Trasses  lor  the  New  Rock  Island  Terminal  Station  Train-Shod,  Chtc^ 

HI.  Engineering  Record,  September  x2,  X903.  Engineering  News,  August 
1903.  The  trusses  over  the  tracks  have  a  span  of  22X  ft  i  in  center  to  centa 
the  end-pins,  a  rise  of  28  ft  and  a  depth  at  the  middle  of  as  ft  6  in.    They  ^ 
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ooluiBiis  and  are  spaced  from  xo  ft  3  in  to  19  ft  6  in  apart.    AU 
lectioBs  are  made  with  pins. 

rofSM  with  Horixontal  TIei.  Cuxved  or  ascbed  ratissEs  are 
ted  with  a  horizontal  member  connecting  the  ends  at  the  supports, 
he  structure  as  a  wholei  including  the  horizontal  member,  usually 
:-KOD,  a  SIMPLE  THUSS  requiring  only  vertical  supporting  forces 
lads,  provided  one  end  is  free  to  move,  as  it  is  when  placed  on 
I  the  trusses  are  supported  by  long  coliunns  it  may  be  assumed 
have  freedom.  A  few  examples  are  given,  some  of  which  are 
Bed  as  TRUE  abches. 

r  the  SuUivaii  Square  Station,  Blevated  Raflway,  Boston, 

leering  Record,  June  15,  1901.    Fig.  71.    These  arches  spring 


/ A- «:46  — 


'/ 


Truss  for  Sullivan  Sqiutre  Station,  Elevated  Railway,  Boston,  Mass. 

IS  and  are  provided  with  tension-rods  which  take  up  the  thrust, 
rests  on  two  4%-in  pins  at  each  end,  as  indicated  in  the  diagram, 
;  connected  to  them.  The  bracing  below  each  pin  is  riveted 
d  the  arch  itself  is  built  of  angles  and  plates  with  riveted  con- 
1a  shows  the  joint  at  A  where  the  tie-rods  are  connected  and 
SUSPENSION-ROD  from  the  crown  of  the  arch.  This  construc- 
1  principle  as  that  of  the  wooden  arch  shown  by  Fig.  42. 

(  Szpreas  Company's  Receiving  Station,  New  York  City. 
>rd,  October  22,  1904.  The  roof -trusses  in  this  building  are 
a  brick  walls  at  the  level  of  the  second-story  floor  and  have 
ted  by  Z  beams  which  form  a  part  of  the  floor-framing  of  the 
.ch  tnlsa  has  a  span  of  74  ft  4  in  and  a  clear  rise  of  27  ft.  They 
24  ft  5  in  apart  and  have  all  connections  riveted.    Since  the 
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ies  &ra  very  heavy  one  misht  be  led  to  dasflify  these  truMes 
xed  at  the  ends;  but  as  the  condition  of  fixed  ends  rarely  obtiiBS  in  pradi 
;  ii  better  to  consider  this  type  of  etntcture  as  an  abcbsd  tboss  with  a  tie-» 
r  possibly  as  similar  to  the  type  shown  in  Fig.  75. 

Table  IV.    General  Dimensions  ti  a  Few  Thrse-Hlnced  Arches 


Locatioa 


Syracuse  University 

Lawson  Ridiiig»Acaderay 

Machinery  Hall.  Chicago  Exp 

22nd  Reg..  Armory,  New  York .... 

Coliseum.  Chirago  (new) 

Newark,  N.  J.,  Armory 

Goverament  Bldg.,  St.  Louis  Bxp.. 

Cdisenm,  St.  Louis 

Hartford,  Conn..  Armoy 

Fraiikfort,  Germany,  Train-^ed.. . 
69th  Reg.  DriU-HaU.  New  York. . . 
5tti  Reg.  Armory.  Baltimore,  Md. . . 
47th  Reg.  Armory.  Brooldya,  N.  Y. 

CoUseum.  Chicago  (old) 

24th Reg.  Armory,  Buffalo,  N.  Y.. 

Cosl-Shed,  Weade,  N.  J 

Jersey  City  Train-Shed 

PhUadelplia  Train-Shed 

Bxxiad  Street  Station.  Fhila 

Masufactures   and    Liberal  Arts 
Bldg.,  Chicago  Exp 


Span 

ft 

in 

XOI 

4 

106 

0 

III 

JO 

134 

0 

U» 

9 

163 

6 

ITS 

0 

ITS 

6 

181 

0 

X84 

0 

189 

8 

190 

4 

191 

4 

^IS 

0 

M? 

0 

230 

0 

252 

8 

259 

0 

300 

8 

,168 

0 

Rise 

ft       in 


9t  aU 

96  3 

32  6 

66  6 

73  SH 

«9  9% 

So  o 

90  2H 

94  (about) 

103  4Vi 

88  ot 
84  0 
73  o 
94  o 

•  •  «      «  •  • 

89  9% 
88  3^ 

100  4 

^  4 


Tie 


No  tie 
tTwo  1%  X  lift 

t2V4XaV4 

tTwo  s^  round  rods 

9-iBl  besai 

No  tie 

No  tie 

No  tie 
tTwo  1%-ia  ro«md  n)d 

Two  channels 
tTwo  4  XTi-in  plates 


t9XTia4niiate 
Two  i2-ia  X  beams 


Location 


Syracuse  Usivecsity 

Lawson  Riding-Academy 

Machinery  Hall.  Chicago  Exp 

22nd  Reg.  Armory,  New  York 

Ccdiseum,  Chicago  (new) 

Newark,  N.  J.,  Armory , 

(Government  Bldg.;  St,  Louis  Exp.. 

Ck>li9eum.  St.  Louis 

Hartford,  C^onn.,  Armory 

Frankfort,  Cermany ,  Tkain-Shed. . . 
69th  Reg.  DriU-Hall.  New  York  . . 
Sth  Reg.  Armory,  Baltimore,  Md. . 
47th  Reg.  Armory,  Brookljrn,  N.  Y. 

Coliseum.  Chicago  (old) 

74th  Reg.  Armory,  Buffalo,  N.  Y. . 

Coal-Shed,  Wende,  N.  J 

Jersey  City  Train-Shed 

Philadelphia  Trai»>Shed 

Broad  Street  Station.  Phila 

Manufactures    and    Liberal  Arts 
Bldg.,  Chicago  Exp 


Distance,  center  to 
center* 


17  ft    11%  In 
32ft     oin 
50  ft     8  in 
II  and  52  ft 
22^4  to  25  ft 
31  and  2^  ft 

35  ft     oln 

36  ft     8  la      *i 
6  and  52^i  ft 

33  ft     6  in 
6%  and  3BK  ft 


34  ft 
46  ft 


4ia 
8in 


22  ft    lo^i  in 
14^  and  43%  ft 


Reference 


R.  Aug. 
R.  Dec. 
R.  Dec. 
N.May 
N.  Sept. 
R.May 
N.ScDt. 
N.Aug. 
R.  Sept. 
R.  Mar. 
R.  Joae 
R.Har 
R.  Dec 
N.  Nov. 
R.  June 
R.Oct, 
N.  Sept. 
R-Jsly 
R.  June 


22,1908 

31.1904 
24.1^92 

5.  X9TO 
14,1899 
26, 1900 

39»i»os 
to,l9» 
12.19c* 

3.190s 
X4.i9a« 
S3»l899 
12.  iSgft 

9*  1900 

3.1906 

25.1899 

10.1893 


X.  Sept.   z.  1892 


•  Center  to  center  of  end-supports. 

X  To  lower  chord.         N.  Engineering  News. 


t  Dimensions  in  inches 
R. 


Axdbed  TiusiM 


loao 


Fig.  71a,    DetaUatil.  Fig.  71. 


!or  DiiU'Hafl,  X3tli  R«gfan«iift  AmMsr*  Sctftnton,  P«.    Engl- 
ml,  August  24,  190X.    These  roof-tnttaeB  are  about  5  ft  deep  and 
MWt  12  ft  on  centers.    The  tmSB-epaa  ie  i$6  ft,  over  all,  with  a  rise 
ledear.   The  ends  rest  on 
id  are  oonnected  by  a  tie 
two  z%-iii  round    rods, 
motion  is  provided  at  one 
ig  the  holes  for  the  anchor- 

for  Armory   I>f1B»HaIl, 

R.      L       Engineering 

1  13,  1907.    The  type  of 

d  in  this  building  is  caair 

a    THSEE-HINGCD     ASCB, 

pin  at  each  support  and 
>wn;  but  the  two  end-pins 

by  a  tie  and  one  end-shoe 
ith  rollers  and  hence  the 

,  SIMPLE  TKUSS  OHuposed  of  three  members^  two  of  which  are 
nselves.  The  truss-span  is  x  66  ft  8  in  and  the  rise  about  61  ft. 
"e  riveted  and  spaced  about  26  ft  i  in  on  centers. 
»r  tho  Pennsylvania  Railway  Train-9hed»  Pittsburgh,  Pa. 
Record,  August  23,  1902.  The  trusses  have  three  himoes  and  a 
LER'BEARiNG  at  One  end.  The  truss-span  is  255  ft  %  in  between 
s,  the  rise  93  ft  between  pin-centers  and  the  depth  at  the  center 
isses  are  riveted  and  stand  in  pairs  9  ft  on  centers  and  the  pairs 
ft  6  in  on  centers. 

-hinged  Arch  as  employed  for  supporting  the  roofs  over  large 
leds,  drill-halls,  etc.,  is  composed  of  two  curved  tkubses,  usually 
>rm  and  dimensions,  resting  upon  pins  at  the  suppocts  and  con- 
N  over  the  middle  of  the  span.  The  supports  are  afwumBd  to  be 
ioD  and  are  often  connected  by  a  tie  to  insure  stabili^  and  take 
tal  thrust  of  the  arch.  While  a  metal  tie  between  masonry  sup- 
make  these  supports  fixed  in  position  under  all  or  any  conditions 
for  aJl  practical  purposes  th^  may  be  so  considered;  and  these 
STRUCTURES  which  have  ties,  jx'ovided  there  is  no  arrangement 
nd-mpvement  due  to  roUer-bearipgSy  etc,  may  be  classified  with 
ipports  must  resist  all  horisontal  as  well  as  all  vertical  forces.  ^ 
ns  are  usually  placed  below  the  floor-level  so  that  the  tienrods, 
y  be  concealed  by  the  floor  or  even  made  a  part  of  its  framing. 
onditions  the  arches  can  be  so  designed  that  the  horizontal  thrust 
lall  and  the  supports  designed  without  the  use  of  the  horizontal 
U  advantages  of  the  three-hinged  arch  for  the  class  of  build- 
ationed  are  economy  and  a  maximum  amount  of  dear  space 
ss.  Much  of  the  economy  results  from  the  omission  of  support- 
Clie  base  of  the  arch  being  very  near  the  ground-level,  it  is  also 
0  resist  wind-pressure.  Another  advantage  of  this  type  is  the 
allowed  under  temperature-changes  without  causing  additional 
lembers  of  the  structure,  the  middle  part  rising  or  falling  freely 
tation  of  the  half-trusses  about  the  pivots.  In  the  case  of  the 
lildings  of  the  Paris  Exposition,  it  was  estimated  that  a  range  of 
roo*  F.  would  produce  a  change  in  level  of  2%  in  at  the  center 
KIB8  are  usually  built  of  plates,  angles,  or  channels,  with 
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riveted  oonnecdons  and  frequently  with  a  8oUd*plate  web  at  the  bottom.  H 
detenninmg  of  the  stresses  and  detailing  of  the  members  and  joints  retiuire  d 
aervioes  of  a  competent  structural  engineer;  but  the  iliuatrations  given  d 
enable  the  architect  to  decide  on  the  general  shape  of  the  trusses  for  the  purpo 
of  making  preliminary  drawings  and  the  computations  and  detail  drawings  a 
be  made  later. 


T  « 


i 


spin 


fl-tSivMnbacs 


■m'%'^ 


1 


I 


Fig.  72.    Half  Truss.    Thxee-hinged  Atch.    Manufactures  and  libertl  Aits  Buikfiai 

Chicago  Exposition 


Tniuee  for  Railway  Station,  Prankfort-on-the-Main«  Germany.  11 
first  suggestion  for  hinging  the  ribs  at  the  crown  was  made  by  M.  Manta 
a  French  engineer.  The  writer  believes  that  the  first  application  of  thb  prind|il 
to  roof-trusses,  at  least  on  a  large  scale,  was  made  in  the  train-sheds  of  the  Unil 
Railway  Station  completed  in  the  year  i888  at  Frankfort-on-the-Main,  Gennang 
These  trusses  have  a  span  of  about  184  ft.  Engineering  Record  of  Septembi 
12,  1891,  and  March  5,  1892. 

Trusses  for  Machinery  Hsil,  Paris  Ezpositioii.  The  laige  roof  of  H 
Machiaery  Hall  of  the  Paris  Exposition  of  1899  was  supported  by  tnnses  i 
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;  span  being  368  ft  and  exceeding  anything  hitherto  attempted  in 
Since  tlien  trusses  of  this  kind  have  been  frequently  uaed  for 
ezhibition-haUs,  train-sheds,  armories,  and  similar  buildings. 

»r  M tnnfacttires  and  Lib«nd  Arts  Building,  Chicago  Bzpoii- 

2  shows  the  half-truss  of  one  of  the  thkeb-ringed  arches  sup- 
x>f  of  the  Manufactures  and  Liberal  Arts  Building  of  the  Chicago 
Engineering  News,  September  i,  1893. 

V  Drill-Ball,  Brooklyn,  H.  T.  Fig.  73,  in  a  similar  manner, 
If-Uuss  of  one  of  the  ihkee-singed  akches  over  the  drill-hall  of 


Floor  Lfaie^ 


lW8InU«efWaIla 


i^^i'^^<'^^<i*'<'^55t«^'^^^ 


^ 


in  i'o.  to  a  of  Plus 


Half  Truss,  Three-hinged  Arch.  Dzill-hall,  Brooklyn, 


N.Y. 


lent  Armory,  Brooklyn,  N.  Y.  Engineering  Record,  December 
scription  of  the  arch  shown  in  Fig.  74  is  given  in  the  Engineering 
imber  19  and  December  24,  1892.  The  horizont&l  thrust  due  to 
i  small. 

Arches.  When  there  are  only  two  pins,  usually  at  the  sup- 
»  become  two-hinged  arches.  As  in  the  case  of  three-hinged 
ay  be  a  tie  or  the  supports  may  be  entirely  depended  upon  to 
>ntal  thrust. 

Live-Stock  Pavilion,  Chicago,  HI.  In  the  Engineering  News 
5,  there  is  a  description  of  the  two-hinged  arches  supporting 
building.  The  arch  span  is  198  ft,  the  rise  54  ft  and  the  truss- 
Bach  truss  has  a  tie  consisting  of  one  a^ie-in  round  rod. 

Rnfltray  Station,  Cologne,  Germany.    This  station,  owned 

Railways,  has  two-hinged  arches  supporting  the  roof  of  the 

:  arcb-span  is  209  ft  6  in  and  the  rise  79  ft.    There  is  a  brief 

.  the  Sngineeoag  News,  October  6^  1892.    A  number  of  roofs 
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F)«.  74.    Tliree-hiiised  Aich,  Machinoy  HaU.  Chicaio  SspMidoo 


Vli.Tft.   Tim fchipd  AKh, BKpoiMi a>0,.Pi»i<iluan,  K.  L 
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IbyilmctHmilioUaitoyuUihowBuiFlg.?^.  Whiletudiainme 
r  a  TWHmxB^  ARCB,  pwinf  to  the  l«d(  of  ireodom  at  the  rapports, 
!vcr,  Cor  »}1  piactiaU  purpoiM,  be  s^  oonside'id. 

Lilt  of  Bnildiafi  with  TroMat  of  the  Two-Hiacod^^Arch  Type 


Name 

Spaa 



Spacing 

ory.  Pawtvcfcet,  R.  I 

arr.  Portland.  M«. ,,-...,,,.-. 

•ft 

81 

92 

•^100 

104 
1x8 
lao 
122 
176 
196 

ft 
24 

24 
24 
25 
245 
33  to  25 

30 

245 
35 

niz  HaU.  Brockton.  Mast ^ 

seRink.  Hartiord.  Coon 

shion  Hall.  Providence,  R.  I 

trv.  Cleveland.  Ohio 

jrv.  Boston.  Mass 

vy.iadRae..  New  York  City 

ins  are  described  in  Building  Construction  and  Superintendence,  Part 
idder  and  are  similar  to  the  type  ahovm  in  Fig.  7fi. 

•f ,  Of  arches  without  hinges  are  seldom  employed  in  buildings. 
;  cnmplea  cited  afaove  the  structures  have  (he  appearance  of  being 
ds,  but  a  doier  inspection  indicates  that  ihty  are  not  sufficiently 
urant  their  being  classed  as  fixed  arcqbs. 


i.  CantileTer  TruMet 

fani^>e.     A  CAKTTLBVER  Bl^AX  Ot  CANtlLBVtft  TKUBS  is  that 

ger  beam  or  truss  which  extends  beyond  one  of  the  supports,  as 
}  79  aad  A  in  Hg.  80,  The  overhanging  portion  B  i3  called  the 
If  and  the  portion  C  the  ANCHO&-SPAN.  The  cantilever-arm  may 
id  another  beam  or  truss.  The  term  cantilever  was  originally 
te  a  projecting  beam  whi^  served  as  a  bracket;  in  engineering 
lote  a  beam  or  girder  fixed  at  one  end,  by  being  either  built  into 
more  commonly  the  case,  extended  a  sufficient  distance  beyond 
rm  an  anchorage.  Thus  in  Fig.  76,  which  shows  a  beam  resting 
,  B  is  the  cantilever  or  cantilever-arm  and  C  the  anchor-span  or 
J  obvious  that  if  this  entire  beam  were  uniformly  loaded  the 
1  cany  the  greater  part  of  the  total  load;  and  also,  that  an 
V,  at  the  end  of  the  cantilever,  might  cause  a  negative  reaction 
t  the  support  2>,  in  which  case  the  reaction  at  P  would  ezoeed 
beam,  unless  the  negative  reaction  at  D  is  considered  as  an 
Although  both  conditions  of  loading  occur  in  practice,  the 
the  truss  usually  requires  an  anchorage  rather  than  a  support 
As  api^ied  to  roof-construction  some  such  arrangement  as 
77  is  generally  required  to  make  this  method  of  support  prac- 
i  wide  middle  span,  with  shorter  spans  or  aisles  on  each  side  of 
7€r*arm  is  usually  made  from  %  to  H  the  middle  span  and  a 
atrsB,  represented  by  5,  supported  by  the  arms  of  the  canti- 
Bdpport  the  rest  of  the  roof.  In  all  such  cases,  therefore,  can- 
st be  used  in  pairs,  one  on  each  side  of  the  building;  and  there 
oatiide  of  the  principal  span  to  permit  the  use  of  the 


1044 


lypes  of  Roof-Tiuases 


Chap.  9 


cater  or  ancfaor-^>uis.  This  arrangement  is  geaeraUy  found  in  auditofimri 
armories,  ezhibition-halls  and  similar  building  and  is  sometimes  oonvenicntl 
adapted  also  to  other  classes  of  structures.  Of  course,  in  a  large  buildhig  «  bea 
oonsisting  of  a  single  member  sudi  as  is  shown  in  Fig.  77  oould  dot  be  use 


^■^^s^n 


ni.77 


w 


Fig.  70  Fig.  80 

Figs.  76  to  80.    CstttHeverB  and  Cantilever  Trasses 

but  the  principle  of  construction  is  the  same  whether  the  cantilever  is  a  sii 
member  or  a  large  truss.  Fig.  78  is  the  diagram  of  a  truss  which  takes  the  pi 
of  the  beam  CB  in  Fig.  77,  the  single  lines  representing  the  tensioQ-iiiesBl 
and  the  double  lines  the  compression-members.  Fig.  SI  shows  the  cxwiiil 
arrangement  of  two  of  these  trusses  with  the  accompanying  middle  trus%  foe 


Fig.  81.    Suggestioa  lor  Wooden  Cantilever  Trass 

entire  roof.    The  truss-principle  shown  in  these  figures  may  be 
almost  any  extent.    The  lower  chord  may  be  curved,  but  the  sencral 
of  the  truss  is  best  adapted  to  those  roofs  in  which  a  wide  mirf^fi^  p^ 
be  supported  by  cantilevers.    For  bridge-tniases  or  floors  the  fofrm 
Fig.  79  may  be  used;  while  for  shed  and  pUtfomi-roofs,  open  on  one  au 
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own  in  Fig.  80  are  about  the  on^  ones  practicable.  In  this  latter 
prtioDs  of  the  aims  axe  such  that  only  a  slight  support  is  required 
nsequent  compressive  stress  developed  in  the  lower  portion  of  the 

■  and  DiiadTanttges  of  the  Cantileyer  Truss.  The  cantilever 
some  spedal  advantages.  The  dear  height  in  the  middle  is  greater 
t>tained  with  any  other  type  excepting  the  three-hinged  arch;  its 
light  and  graceful,  and  there  is  no  horizontal  thrust  and  conse- 
essity  for  tie-rods.  The  particular  advantage  of  this  truss  for  veiy 
that  it  can  be  erected  without  scaffolding  under  the  middie  part, 
work  this  is  considered  as  its  only  advantage.  It  is  daimed  by 
It  engineers  that  the  caiitilevsk  type  or  tkuss  b  not  an  economi- 
>t  as  desirable  for  spans  ol  150  ft  or  more  as  the  thkee-binged 
i  not  as  readily  lend  itself  to  methods  of  allowing  for  expansion 

1  as  the  THREE-HINGED  ARCH,  the  BOWSTRING  TRUSS,  Or  the  QUAD- 

7SS.  For  certain  classes  of  buildings,  however,  and  espedally 
Idle  sptji  does  not  exceed  150  ft,  it  can  perhaps  be  used  with 
tural  effect  than  is  possible  with  other  types,  the  cost  remaining 
le.  For  roofing  platforms,  grand-stands,  etc.,  where  an  outer 
desired,  it  is  the  only  type  available. 

fmjid-8tand,  Moiunouth  Park,  If.  J.  Fig.  82  is  a  diagram  of 
IILEVER  TRUSSES  supporting  the  roof  of  the  grand-stand  at  this 


2.     Cantilever  Truss,  Grand-stand,  Monmouth  PaElc,  N.  J. 

!  details  of  which  were  published  in  Architecture  and  Building, 
^.  This  is  an  instance  in  which  the  cantilever  was  the  only 
'.  could  be  used  and  the  form  adopted  is  both  simple  and  economi-^ 
seen  from  the  drawing,  the  main  supporting  column  extends  to 
uas,  as  is  usually  the  case  with  cantilever  trusses,  and  the  truss 
1  side  of  it.  The  upper  and  lower  chords  are  made  of  two  angles 
The  bradng  consists  of  angle-bars  used  in  pairs  and  varying 
^  in  to  5  by  3  by  %e  iu,  the  whole  frame  being  connected  by 


the  For«  RItst  Ship-jbvilding  Sh«d,  Quincy,  Mass.    In 

Record,  July  26,  1902,  there  is  a  description  of  Uie  roof  of  this 
h  the  CANTILEVER  TRUSSES  have  an  overhang  of  60  ft. 

for  Grmnd-Stand,  Empirs  City  Trotting  Assodstioii, 
These  trusses  have  cantilever-arms  at  each  end,  25  ft  6  in 
5  ft  6  11:1  on  the  other.  The  intermediate  truss  has  a  span  of 
cture  is  described  in  the  Engineering  Record,  February  lo, 
nples  of  cantilever  roofs  are  given  in  Building  Constnictioa 
ace.  Put  III,  by  F.  £.  Kidder. 
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CHAPTER  XXVII 

STRESSES  IN  ROOF-TEUSSES 

By 
MALVERD  A.  HOWE 

PROFESSOR  ElCERItUS  OF  CIVIL  SNGnCEBRINO,  BOSK  FOLYTBCBNIC  IMSTIIitE 

1.  Roof-Loads.    Data,  Weiglits,  Msteriala,  l|otl»ds 

Bats  for  Roof-Trusses.  Before  the  stresses  in  a  roof-tniss  can  be  deti 
mined  it  is  necessary  to  decide  upon  the  character  of  the  roof-covering,  t 
method  of  supporting  it  between  the  trusses,  the  geometrical  shape  and  sp 
of  the  trusses  and  the  spacing  of  the  trusses. 

Roofing  Materials  for  Pitched  Itoofs.  The  materials  suitable  for  ooveri 
pitched  roofs  are  slate,  burnt-clay  tiles,  metal  tiles  or  shingles,  wooden  shioci 
corrugated  iron,  tin  with  standing  seams,  standing-seam  steel  roofing  a 
various  kinds  of  ready  roofing.  The  least  slope  to  which  these  materials  0 
be  laid  without  danger  of  leaks,  the  weight  per  square  foot  of  roof  and  the  co 
parative  cost  are  indicated  in  Table  I.  The  cost,  however,  can  only  be  considd 
as  approximate,  as  it  varies  for  different  materials,  localities  and  the  scales 
wages. 

Table  Z.    Coreriog  Materials  for  PitcJied  Roofe 


Material 


Slates,  black 

Slates,  green 

Slates,  red 

Burnt-clay  tiles,  ioteriocking  pattern 

Tin  shingles,  painted 

Galvaotzed-iron  tile,  painted 

Cedar  tfhiagles.  stained  or  painted. . . 

Comsgated  iron,  painted 

Standing-seam  steel  roofing,  painted. 
Ready  roofing 


Least  rise 
of  rafter 
ia  I2in 


8 
8 
8 

T 
6 
6 
6 

3 

a 
I 


Comparatim 
cost  per 
square 

$7.ooto|U.( 


7. 00  to 

12.00  to 

15.00  to 
8.00  to 

13.00  to 
3-80  to 
4.00  to 
4.QOto 
3.50  to 


io.< 

1S.< 

TJ 

44 

Ai 
44 


Roofing  Materials  for  Plat  Roofs.  Flat  roofs  or  roofs  having  a  fill 
from  H  to  %  in  to  the  foot  are  usually  covered  with  tar  and  gravel,  aspll 
ready  roofing,  or  tin  with  lock-and-solder  joints.  A  good  tin  roof  costs  sbi 
$8.00  a  square,  not  mdutUiii;  the  painting.  The  other  kinds  vary  firom  lis 
to  $4.50  a  square. 

Manner  of  Supporting  tbe  Roof  from  the  Tosses.  Wooden  roofe,  s 
ported  by  wooden  trasses,  require  common  or  jack-rafters  to  support  tiie  sfad 
ing  or  slate,  and  generally  parhns  to  support  the  rafters,  although  in  some  caoi 
may  be  more  economical  to  span  the  rafters  from  truss  to  truss  (Fig.  17,  Ck^ 
XXVI) .  When  shtes  or  burnt-day  tiles  are  used  on  steel  roofs,  tliey  are  ussi 
sscuied  to  steel  angles,  running  parallel  with  the  walls  and  spaced  from  I 
10^  in  apart,  as  may  be  necessary  to  accommodate  the  siae  of  the  siMd 
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An  is  not  more  than  6  or  7  ft,  the  angles  may  be  listened  to  the 
ki  a  rule,  however,  whea  slates  or  tile»are  to  be  used,  it  is  cheaper 
sses  (torn  16  to  20  ft  apart,  and  to  use  purlins  and  jack-rafters  to 
niier  angies.   Quite  often^  wooden  niftcrs  and  sheathing  are 

trusBes.  This  k  moie  economical,  but  ol  ooune  increases  the 
otected  steel  is  little  if  any  better  than  wood.  If  corrugated 
d  for  roofing,  the  most  economical  construction  for  steel  roofs  is 
sses  from  16  to  20  ft  apart,  and  to  use  light  I  beams  for  purlins, 
^  ft  on  centers,  as  In  Fig.  52,  Chapter  XXVI,  the  corrugated 
ed  to  the  purlins  by  straps.  If  warm  air  comes  in  contact  with 
'  a  corrugated  roof,  either  the  roofing  should  be  hiid  on  boards, 

anticondensation  lining  should  be  provided,  as  otherwise  the 
air  will  condense  and  iaM  on  the  floor  or  objects  below.  Flat 
]uixe  rafters  and  sheathing,  or  fire-proof  filling  between  the 

iiaseB.  From  the  above  it  is  seen  that  the  economical  spacing 
pends  to  a  great  extent  upon  the  kind  of  roofing  that  it  used, 
he  span.  As  a  general  rule,  however,  the  most  economical 
as  fbllows? 

KUSSES  under  80-ft  span,  from  14  to  16  ft  on  centers. 
BUSSES  over  So-ft  span,  from  16  to  24  ft  on  centers. 
SSES  under  So-ft  span,  from  16  to  20  ft  on  centers. 
>SES  over  80-ft  span,  from  20  to  40  ft  on  centers. 
I  a  number  of  steel  trusses  of  wide  span  is  given  in  Chap- 
n  the  distance  between  the  trusses  exceeds  16  ft  for  wooden 
'  steel  roofs,  it  is  generally  necessary  to  use  trussed  purlins, 
pon  the  kind  of  truss  to  be  used,  the  spacing  of  the  trusses  and 
jon,  a  section-drawing  of  the  roof  should  be  made,  showing 
«  tru^,  the  points  at  which  the  purlins  are  to  be  supported, 
sporting  the  ceiling,  if  there  is  one,  and  any  other  loads  that 
ed  by  the  trusses.  The  section  and  truss-drawing,  with  the 
:hts  of  roofing-materials,  will  furnish  the  necessary  data  for 
ids  at  each  joint.  Until  the  stresses  have  been  determined, 
embers  computed,  and  the  joints  detailed,  an  exact  drawing 
b,  of  course,  be  made;  but  in  order  to  compute  the  loads  and 
ssary  to  know  the  positions  of  the  joints,  and  these  can  be 
fident  accuracy  before  the  exact  dizes  of  the  members  are 
>ter  XXVI  gives  sufficient  information  regaiding  the  various 
»  enable  one  to  decide  upon  the  height  and  the  number  and 
struts  and  ties;  and  the  sizes  of  the  members  can  be  approx- 
Iminaty  drawings. 

n^-Area  Supported  at  Any  Joint.  Calculations  for  the 
ure  always  based  on  the  assumption  that  the  loads  are  trans- 
,  and  that  the  members  are  free  to  move  at  the  joints  as  if 
le  actual  joints  may  be  made  with  riveted  or  other  connec- 
t  the  joints  are,  of  course,  equal  to  the  reactions  of  the  pur- 
ams  or  principals,  if  these  receive  the  ceiling-joists  or  rafters. 
;he  roof  or  ceiling  is  uniformly  distributed,  as  is  usually  the 
ethod  of  computing  the  joint-loads  is  to  determine  the  roof 
butoiy  to  the  joint,  and  to  multiply  this  area  by  the  weight  or 
The  area  contributory  to  any  joint  is  equal  to  the  product 
sured  half-way  to  the  next  joint,  on  each  side,  by  the  dls- 
-way  to  the  next  truss  or  wall,  on  each  side.    Thus  if  Fig.  1 
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represents  truss  z,  of  Fig.  2,  the  zoof-area  oontiibutory  to  joint  2  is»  in  square  If 

^  X  fl.    For  truss  2,  the  area  supported  by  the  same  joint  is y 

2  2 

or,  if  we  let  Z>  represent  the  length  in  feet  of  roof  or  cetiing  supported  at  c 
joint,  the  area  in  square  feet  supported  by  joint  2  isaXD,  and  the  area  a 


^1        H ^ — ^ ft * 


F{g.  1.    King-rod  Truss 


UonoenteiA 


ported  by  joint  sis2bxD.  In  the  same  way,  the  cdling-area  supporta 
joint  6  is  c  X  A  the  arrow-heads  being  half-way  between  the  joints.  It  nu 
no  material  difference  in  the  joint-iuads  whether  the  common  rafters  are  i 
ported  on  purlins  or  whether  they  rest  on  the  top  chord  of  the  truss,  provj 

the  purlins  come  at  or  close  to  tbe  }€ 
and  the  load  is  uniformly  distribv 
Thus  the  width  of  the  ceiling  oooC 
utory  to  joint  7  (Fig.  3)  is  equal  t 
just  the  same  as  in  Fig.  1.  The  anai 
ment  in  Fig.  1  produces  cross-bcni 
stresses  in  the  tie-beam,  while  thai 
Fig.  3  does  not.  Wlien  the  trusses^ 
spaced  a  uniform  distance  apart,  i>,  \ 
2,  is,  of  course,  equal  to  the  <ik^ 
between  centers  of  trusses.  Wlica; 
trusses  are  not  spaced  uniformly,  4 
equal  to  one-half  the  distance  front 
center  of  the  truss  on  the  left  to^ 
center  of  the  truss  on  the  right.  WM 
purlin  is  more  than  12  in  from  a  joi^ 
the  roof-area  is  not  ^ymmetzical,  d 
often  the  case  at  hips  and  valley^ 
joint-load  is  determined  by  the  pviH 
of  the  REACTION  OF  BEAMS,  as  cxplaiiBJ 
Chapter  DC.  Examples  showing^he  computation  of  joint-loads  are  ^sM 
little  farther  on.  1 

Roof-Load  per  Square  Foot.  By  the  term  roof-loao  is  meant  the  ««^ 
the  materiAls  composing  the  roof,  trusses  and  purlins,  an  ample  allowajooi 


Mfmfmf/T/f///////j/f,//,///ff.'f/o/////////////f/f////. 


Fig.a.    PlsnofWallandTnuMs 
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■  u  ilawinoE  to>  wliiil  iiii—iin  The  wdght  at  the  auteiub 
juo  LOU).  Snow  i*  gcDcnlty  oxuidered  a  uvb  load,  kctmg 
K  ^inwiR  due  to  tbe  wind  is  almyi  uumed  to  act  noniul  to, 
la  to,  tlie  nuUce  of  tbe  roof ;  but  for  Crunes  of  lew  than  loo-ft 


.    (Sm.  itao,  Flii.  U.  SS  4Dd  H  attl  Cbpuc  XXVm,  f%.  1) 


t  n.     ITaichti  p«  Sqam  Foot  al  Roof-Snifue 


i.a»lbi  iSU.jlb 

k.7«lb;  Uui  thick.  9.6 

b  (the  cammoB  ChKlouM  It  Kt  U  Cot 

min) 

■hiBctM.IltOt4lb 

rtyle,  two  p«t«,  la  lb;  an 

ttyle.  oaepart,  !lb 

rtyle.twoparU,  I9lb;  ne 

wityle,  ooaput.SUi 

1  til«,  II  lb 

OTtU-luldlolblHKlft 

e«u.  iHlb;ill»,i*ilb 

oribin(ls.bKli>diBaaM 

thkkWMOffelt.llb 

[Q.  18.  a.6  lb;  uid  No.  i6 

■1  rooaag.  I  lb 

ravel  TDof.fi  lb 

ravel  roof.  jU  tb 

It,  3  lb  pec  «1  ft  toe  white 

ime,  ipt™,  pr  hrmloek;  4  lb  tot  tbI- 

mo 


StfMies  in  Boof-Xniaaes 
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T«bl#  m.    Wdflrts  of  BtftMS  ptr  8«iauo»  Voi*  ol  Bflof< 


Bfa«€»f 

rafter  in 
inches 

Sprooe,  hemlock,  white  imie. 

Spacing  i«  inches,  9^ter 

to  center 

Hard  pine.    Spacing  in  inches. 
center  to  center 

26 

20 

%»' 

i6 

ao 

34 

ax  4 
ax  6 
ax  7 
aX  8 
aXio 

lb 

x^ 

Ai 

a% 

3 

394 

lb 

X.a 
X.8 
a. I 

2.4 
3 

lb 

X 

x% 

iH 

a 

2% 

lb 

k 

4 
S 

lb 
1.6 

a.4 
a.8 

3.2 

4 

lb 
x% 

2% 

Wooden  pMrKnt  weipi^  about  a  lb  per  aq  It  of  roofniuiiiice  when  the 
"^2  and  i6  ft. 
For  steel  roofs  tke  sixes  and  ^eights  of  the  purlins  apd  imlten  thoold  be  oomiNitcd 

each  particular  case. 

Wei^t  of  Truw.  To  the  weight  of  tiic  roof  •construction  proper  she 
be  added  an  allowance  for  the  weight  of  the  truss.  If  tnuses  oouki  be  fa 
in  'exact  acoordaaoe  with  the  theoretical  requirements  their  weight  wouU 
directly  proportional  to  the  roof-load  end  span;  but  as  there  is  ahn^ys  m 
extra  material,  it  is  impossible  to  determine  the  weight  of  the  truae  ^MMt^y  « 
it  is  completely  designed.  Several  tables  for  the  weights  of  wooden  tra 
and  fbrmalas  for  steel  trusses  have  been  pubKshed,  but  nardly  any  two  at  d 
are  alike.    The  following  are  some  of  the  formulas  \n  use: 


For  Wooden  Trasses 


W  ■  0.04  ^  +  0.000167 1* 
W  ■■  0.50  +  0.075L 


<  N.  g  Ri<»er.  far  limwr ■  l»e 

l    «iKi^,giia0t9rXP(v^ 

H.  S.  Jaooby. 


n 


For  Steel  Trossee 


W  »  0.75  4-  0.07S  L  — — i».^  «»«•.•«..«  «. 

IF  -  0.6  + 0.06  £,  for  heavy  loads  ip  p  i?««w  «».  v:»v 

IT  -  0.4+ ao4t,  for  light  loads     J  C  E.  Fowler,  ?or  Fink 

'^  \±     X.   \  \  M.  S.  Ketchum.  for  steel  milMl 

Sy/A/ 


vr  "0.41 
45  \ 


ir-o.05l+x3/i4 


ing  trusses. 
H.G.Tyrrell. 


In  the  above  formulas,  W  »  weight  of  truss  in  pounds  per  aquare  foot  oi  \ 
Kontal  projection  of  the  roof  supported,  i,  «■  span  in  feet,  A  m  diatance  hip 
trusses,  and  P  -•  capacity  of  truss  in  pounds  per  square  foot  of  horiaoiitiid! 
Jection. 

Tables  TV  and  V,  compiled  from  a  comparison  of  other  tables  and  foni 
and  from  the  weights  of  actual  trusses,  are  sufficiently  accurate  for  the  |)qi 
of  deteiminiDg  stresses.  The  weights  fliven  are  probably  sfighlly  lu  caa 
the  actual  weights  of  average  trusses,  as  it  is  preferable  to  Wve  thp  «nioc.  j^ 
pn  the  safe  side.  It  should  be  noted  that  the  weights  are  lor  eaich 
pf  roof-surface,  and  not  for  the  horisontal  area.  Table  VI  gi^ 
Wcignts  of  a  number  of  large  steel  roofs. 
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Wei^bti  of  WoodeA  Thimm  per  Sfwve  Foot  id  Roof oSiitf ace* 


3psn 

%  pitch 

^  pitch 

%  pitch 

put 

lb 
3 

3^ 

aV* 

5 

5^4 
6Vj 

7 

lb 
3% 
3«>4 
4 

4^i 
5 
6 

6% 
7Ml 
8V^ 

lb 
3% 

4 

4% 

4% 

5^^ 

6^'3 

7 
8 

9 

lb 
4 

4Vi 
4% 
5V* 
6 

7 
8 

9 

10 

Weights  of  Steel  Tnuset  per  Square  Foot  of  Roof-Surface 


»a 

H  pitch 

%  pitch 

V4.  pitch 

Flat 

lb 

5.25 
5. 75 
6.75 
7.25 
7. 75 
8.5 
9  5 

10. 0 

lb 

6.3 
6.6 
8.0 

8.5 

9.0 

xo.o 

11. o 

XX.6 

lb 

6.8 

7.2 

8.6 

9.2 

9-7 
I0.8 

12.0 
12.6 

lb 
7.6 
8.0 
9-6 
10.  a 
X0.8 

12.0 

13.2 
14.0 

^ts  and 


Sfaciaa  of  Some  Steel  Roofs  of  Wide  Spaa,  Tff hiding 
and  Bmcee,  bat  not  Roef-Coredbg  er 


lilding 

Type  of 
truss 

Span 

ft 

Spacing, 
center  to 
center  of 
trusses, 

ft 

Weight 

persq  ft 

sloping 

surface. 

lb 

Weight 

of  one 

truss, 

tons 

ket,  R.  I... 

d.  Me 

Brockton. 

Fig.  75t 
<« 

1* 

•i 

•• 
•• 

4t 
«l 
•  « 
<• 

82 
92 

96 

100 

104 
Ii8 

I30 

122 

176 
196 

24 
25 

24 

24 

25 

24% 

23-25 

30 

24y3 

35 

8.7 
9  7 

8.6 

8.0 

II. 8 
9.5 

•  «  •  • 

X2.4 

f  •  •  • 

6.7 
9 

10 

8.5 

XI. 5 

xa.5 

•  •  •  • 

2X 

•  «   •   • 

....        ^ 

thamiytoa. 

Hartford, 

•nee,  R.  I.. 

Armory . . 

Mass 

,.,  N.  Y.  .. 
D.  N.  Y.... 

*  For  sdssorK  trusses,  increase  one-third. 
t  Chapter  XXVI. 
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Stresses  in  Roof-Trusses 


Cha^. 


The  data  for  the  first  seven  buildings  in  Table  VI  were  compiled  by  H.  ( 
Tyrrell,  who  states  that  all  of  the  seven  roofj  were  proportioned  for  slal 
and  plank  roofing  resting  on  wide  rafters  2  ft  apart,  supported  by  steel  purlii 
about  10  ft  apart.  The  spans  given  are  measured  from  center  to  center  of  sii 
bearings.  Stresses  were  computed  for  a  dead  load  of  25  lb  per  sq  ft,  a  snow^kx 
of  10  lb  per  sq  ft  of  sloping  surface,  and  a  horizontal  wind-load  of  40  lb  per  sq  ft* 
a  28-lb-per-sq-ft  normal  pressure.  Data  for  computing  the  weights  of  floors  ai 
floor-loads  supported  by  trusses,  and  for  fire-proof  construction,  may  be  found 
Chapters  XXI  and  XXIII. 

Snow-Loads.  As  a  basis  for  making  an  allowance  for  snow,  Table  VII 
perhaps  as  good  a  guide  as  any  that  can  be  given.  When  snow-guards  a 
placed  on  a  roof,  the  same  allowance  is  made  for  a  half-pitch  as  for  a  one-thi 
pitch. 


Table  VII.    Allowance  for  Snow  in  Pounds  per  Square  Foot  of  Roof-Sorfao 


Location 


Southern  states  and  Pacific  slope 

Central  states , 

Rocky  Mountain  states 

New  EuRland  states 

Northwest  states 


Pitch  of  roof 


V> 


•  t 
o-  0 

o-  5 
0-10 
0-10 
0-12 


H 


•  t 
o-  5 
7-10 
10-15 
10-15 
12-18 


Vi 


•  t 
o-  S 
iS-20 
a>-2S 
20-25 
25-30 


H    iUorle 


5 
22 

27 
35 
37 


5 

15 

40 
45 


Columns  headed  by  an  asterisk  (*)  are  for  slate,  tile,  or  metal;  those  headed  fag 
dagger  (t)  are  for  shingles. 

Wind-Pressure.*  For  roofs  having  a  pitch  of  5  in  or  more  to  the  foot,  i 
allowance  must  be  made  for  wind-pressure.  For  trusses  of  the  Fink,  fan.  kh 
or  QtJCEN  TYPES,  the  usual  practice  is  to  include  the  wind-pressure  with  li 
vertical  loads,  and  to  make  a  single  allowance  for  both  wind  and  snow,  as  duri 
a  gale  snow  is  not  likely  to  stay  on  a  steep  roof.  Wlien  the  wind-pressuxc 
added  to  the  vertical  loads,  the  allowance  for  wind  and  snow  combined  shot 
not  be  less  than  indicated  in  Table  VUI. 


Table  Vm. 


Allowance  for  Wind  and  Snow  Combined  in  Pounds  per 
Square  Foot  of  Roof-Surface 


Location 


Northwest  states 

New  England  states 

Rocky  Mountain  states 

Central  states 

Southern  and  Pacific  states. 


Pitch  of  roof 


6o' 


30 
30 
30 
30 
30 


4> 

V»  ! 

30 

25 

30 

25 

30 

25 

30 

25 

30 

25 

^i 


H 


^ 


30 

25 

25 
25 

25 


37 
35 
27 
22 
22 


45 

43 

3$ 
30 


No  roof-truss  should  be  proportioned  for  a  total  load  of  less  than  40  lb  per  sq 
of  roof<5urface  except  flat  roofs  in  warm  climates.  For  trusses  having  spi 
exceeding  100  ft  (except  trusses  for  flat  roofs)  and  for  trusses  in  which  a  pari 

*  (See,  also.  Chapter  XXX,  page  1x99,  aiul  pages  1394  and  17 X7-) 
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duce  maximum  stresses,  or  call  for  cottktekbracing,  as  is  the  case 
EKAL  TRUSSES,  and  trusses  with  curved  chords,  the  stresses  for  all 
oadings  should  be  found  separately  and  each  member  of  the  truss 
for  the  maximum  stress  to  which  it  may  be  subject  under  any 
ination  of  loads.  For  determining  the  stresses  due  to  wind-pres- 
!  force  of  the  wind  is  usually  assumed  to  act  in  a  direction  normal, 
t-angles,  to  the  slope  of  the  roof.  This  force  is  commonly  based  on 
ind,  producing  a  pressure  of  30  lb  against  a  vertical  surface.  This 
}  a  wind-velocity  of  nearly  100  miles  per  hour.  According  to 
lula, 

P  -  0.0032  V» 

pressure  in  lb  per  sq  ft  against  a  surface  normal  to  the  direction 
id  K  ■■  the  vebdty  in  miles  per  hour.  For  jP  -  30  lb,  K  -  96.3 
ormal  pressure  per  square  foot  of  roof-surface  corresponding  to 
and  30  lb  per  sq  ft  against  a  vertical  surface  is  given  in  Table  DC. 

'V^sd-Loads  in  Pounds  per  Square  Foot  of  Roof-Soffaee* 


Inclination  of  roof 

Normal  pfwsure  P., 
ponndfl  per  square  foot 

■                               « 

P-3Dtb 

P-20lb 

< 

5.1 
10.1 
14.6 
19.8 
22.4 
24.0 

25.5 
26.7 

28.3 
30.0 

3.5 
6.8 
9.6 
13.1 
14.0 
16.0 
17.0 
Z8.2 
18.9 
ao.o 

Ji 

h 

h 

I  Table  DC  are  based  on  Duchemin's  formula, 

2sin0 


P«-P 


i  +  sin^tf 


e  pressure  per  square  foot  on  a  vertical  surface,  P»  the  normal 
essure  and  B  the  angle  of  inclination  of  the  roof  with  the  hori- 
kd  not  only  produces  a  pressure  upon  the  windward  side  of  the 
n  ufx>n  the  leeward  side;  therefore  all  roof -covering  should  be 
!,  all  joints  in  the  trusses  so  constructed  that  they  will  resist 
pression,  and  the  trusses  themselves  securely  anchored  to  the 


Loading  for  which  Stresses  should  be  Found.  To  deter- 
xm  stresses  under  any  possible  condition  of  loading,  stresses 
or  the  following  cases: 

di.;e  to  permanent  dead  loads, 
vering  only  one  side  of  roof, 
krering  entire  roof, 

side  of  truss  nearer  the  expansion-end, 
side  of  truss  nearer  the  fixed  end. 

bo.  Chapter  XXX,  page  "99,  and  pages  1394  and  1717,) 
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\t  13  genezally  assumed  that  the  maximum  wind-presattie  and  the  siiow4a 
cannot  act  on  the  same  half  of  the  truss  at  the  same  time;  hence  the  combn 
tions  for  maximum  stress  will  be  either  cases  i  and  3  or  cases  i,  2,  and  4  or 
If  the  trusses  are  supported  on  iron  columns  instead  of  on  walls  the  mad-ioi 
Is  transferred  to  the  foundations  through  the  columns,  producing  a  bendt 
moment  in  the  columns.  The  stresses  in  the  columns,  trusses  and  knee-brat 
should  therefore  be  determined  for  the  wind-pressures  against  the  side  of  t 
building  and  zoof.  These  pressures  are  obtained  by  multiplying  the  area 
the  vertical  surfaces  by  the  full  pressure  per  square  foot  and  the  area  of  ( 
roof  by  the  normal  component,  given  in  Tabic  IX. 

Kansas  City  Auditorium.  For  the  trusses  supporting  the  roof  of  the  Ki 
sas  City  Auditorium  (Fig.  66,  Chapter  XXVI)  stresses  were  computed  for  t 
following  conditions:  First,  full  dead  and  live  load  on  both  galleries  and  ( 
roof'gardea,  and  wind-presrore  due  to  a  velodty  of  45  miles  an  hour;  seen 
full  dead  load,  snow-load,  and  gallery  live  load,  wind-pressure  10  lb  and 
load  on  roof-garden  floor;  third,  fuH  dead  load  and  50  lb  wind-pressure;  fowl 
full  dead  load  and  wiod-pressuie  at  45  miles  an  hour,  and  fuH  live  loads 
gallezy  and  roof-garden  on  one  side.  only.  Snow-loads  throughout  were  Uk 
at  one-third  of  the  dead  load.  Examples  showing  manner  of  combining  1 
stresses  due  to  different  conditions  of  loading  are  given  on  pages  1 1 14  and  1x2^ 

t,  Eiunplss  of  the  Computation  of  Roof-Londs* 

King-Rod  Truss.  Bzamiile  x.  The  first  example  considers  the  roof  1 
truss  shown  in  Fig.  1,  page  1048,  which  it  is  assumed  represents  truss  2  of  Fig. 
It  is  assumed  that  the  timber  is  to  be  common  white  pine  and  that  the  rool 
to  be  covered  with  %6-in  slate  of  medium  size  on  %-in  sheathing.  The  cdi 
is  to  consist  of  lath  and  plaster.  The  dead  load  of  roof  and  truss  per  tqp 
foot  of  roof-surface  is  made  up  as  follows: 

lb  per  s 

For  slate 7U 

For  sheathing 3 

For  rafters 3 

For  purlins 2 

For  truss 3 

Total 18^ 

For  wind  and  snow-load  combined  there  should  be  allowed  about  28  lb  ^ 
pitch  being  about  40*),  which  makes  a  total  roof-load  of  46V4  lb.  To  ai 
fractions,  however,  the  load  is  assumed  to  be  48  lb  per  sq  ft.  As  the  dsti 
to  truss  I,  Fig.  2,  is  14  ft  and  to  truss  j,  12  ft,  the  length  of  roof  supported 
the  truss  is  13  ft.  The  roof-area  supported  by  the  purlins  at  joint  2  is  cqui 
the  distance  a  multiplied  by  13  ft;  and  a  is  one-half  the  distance  from  the  m 
plate  to  the  ridge-purlin,  or  22  ft  8  in  divided  by  2,  or  11  ft  4  in,  or  11^ 
Hence  the  roof-area  supported  at  joint  2  is  xiVi  by  13  ft,  or  147H  sq  ft-  * 
roof -area  supported  by  the  purlins  at  joint  3  is  2  &  by  13  ft,  or  12H  by  13  ft 
160%  sq  ft.  Muhiplymg  the  roof-areas  by  the  load  per  square  loot,  48  H)w  tl 
results  7  072  lb  for  the  load  at  joint  2;  and  7  696  lb  for  the  load  at  joint  3.  ' 
load  at  joint  4  is  equal  to  that  at  2,  as  the  truss  is  83rmmetriad.  The  ceil 
loads  at  joints  6  and  7  are  computed  next.  The  cdling-area  supported  at  j 
6  is  c  X  13  ft,  or  8^4  by  13  ft,  or  107^  sq  ft.  The  area  supported  at  joint  7  a 
by  13  ft,  or  114%  sq  ft.    The  actual  weight  of  the  (veiling  per  square  fM 

*  In  the  following  five  examples  all  loads  are  considered  as  acting 
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Mats  and  lo  lb  for  the  lath  and  plaster;  but  where  there  is  a  lar^e 
ible  to  be  used  for  storage  it  is  well  to  make  a  small  allowance, 
sq  ft  £or  any  extra  attic-load.  Therefore,  i8  lb  per  sq  it  is 
ae  weight  of  the  ceiling,  which  makes  the  weight  at  joints  6  and 
by  i8  lb  per  sq  ft,  or  i  930  lb;  and  the  weight  at  joint  T,  1x4%  sq 
r  sq  ft,  or  2  067  lb.  As  soon  as  computed,  the  roof  and  ceiling- 
e  marked  on  a  truss-diagram,  as  in  Fig.  10.  The  roof  and  ceiling- 
z  are  transmitted  directly  to  the  wall  and  need  not  be  taken  into 
ermining  the  stresses  in  the  truss. 

iM.  Bnmple  a.  It  is  required  to  compute  the  joint-loads  for 
n  in  Fig.  3,  page  1049.  ^U  timber  is  to  be  of  spruce  and  the  roof 
!d  with  shingles  on  i-in  sheathing.  The  ceiling  is  to  be  of  lath 
rhe  dead  load  is: 

lb  per  sq  ft 

shingles 2^ 

sheathing 3 

rafters 2V4 

purlins 2 

truss 3 

dead  load  per  sq  ft 13% 

for  wind  and  snow 30 

'oof-load  in  pounds  per  square  foot 42% 

[>f  the  ceiling  it  is  weU,  for  a  truss  of  this  kind,  to  allow  at  least 

It  will  be  assumed  that  the  trusses  are  to  be  spaced  uniformly 

Then  the  roof -area  supported  at  joint  2  is  9%  by  15  ft,  or 

the  load  at  this  joint  is  6  $e6  lb.    The  purfin  at  joint  3  supports 

x>int  midway  to  joint  2,  to  the  ridge,  or  6  -  4  ft  1 1  in  +  8  ft  5  in, 

he  roof-area  supported  at  this  joint  is  13^  by  is  ft,  or  200  sq 

is  8  550  lb.    The  kxads  at  Joints  4  and  5  are  equal  respectively 

2.     For  the  ceiling-loads  at  joints  7  and  8  there  is  an  area  to  be 

to  13%  by  15  ft,  or  i8>H  sq  ft,  which,  multiplied  by  20,  gives 

»•  SxuBiile  3.  For  this  example  the  church-roof  shown  in 
is  considered.  In  this  roof  the  trusses  take  the  place  of  the 
g-beams,  the  sheathing  spanning  from  truss  to  trass  and  the 
\S  being  nailed  to  i  %  by  2H-in  furring  strips,  spaced  1 2  or  16  in 
nning  that  the  parts  of  the  trusses  have  the  dimensions  indi- 
e,  and  that  the  wood  is  white  pine,  the  actual  weight  of  one 
30  lb.  The  roof-area  supported  by  one  truss  is  170  sq  ft,  and 
of  the  trusses  is  about  7  lb  per  sq  ft  of  roof-surface.  This 
m  twice  that  given  in  Table  IV,  owing  principally  to  the  dose 
sses  and  ako  to  the  small  dimensions  of  their  members.  The 
thins  and  shingles  is  about  5^  lb  and  30  lb  is  allowed  for  wind- 
if  is  too  steep  for  snow  to  lodge  on  it.  This  gives  a  total  roof- 
r  sq  f t  of  slopmg  surface.  For  the  weight  of  the  ceiling  1 2  H> 
as  no  load  other  than  its  own  weight  is  likely  to  come  upon  it. 
lortcxi  at  joint  2  is  to%  by  2%  ft,  or  27  sq  ft.  The  area  sup- 
and  5  i*  «1«il  to  12%  by  2%  ft,  or  31  sq  ft  for  each.  The 
ted  at  joint  3  is  14%  by  2%  ft,  or  35%  sq  ft.  Multiplying 
tlie  corresponding  loads  per  square  foot,  there  results  i  X4S  lb 
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for  the  hwd  at  joint  >,  i  jiS  lb  for  each  load  at  Jotntg  4  and  ;,  and  4:6  lb 
the  load  at  joiDt  j. 
TniBi  over  Car-Bam.    Bxamtfa  4.    In  this  example  the  roof  ii  of  co 

gated  iron,  supported  by  a  sleel  truss  of  the  shape  shown  in  Fig.  55.  Qu 
XXVI.  This  truss  supports  nothing  but  the  corrugated  iron,  the  purlifu 
the  pressure  due  to  wind  and  snow,  the  use  of  the  building  not  requiring 
auspendiog  of  any  toad  from  the  trusses.  In  figuring  the  dead  loads  for  • 
B  roof,  the  sizes  of  the  purlins  and  tbe  gauge  of  the  iron  should  Out  be  de£ii 


Fit.*.    SdnonTuH.    {Sw,  alKi, fig.  21  and  ChiptD XXVta,  flf. 2) 

fixed,  so  that  the  weight  per  square  loot  of  roof  may  be  accuratdy  deteni 
In  this  initance  the  purlins  arc  j-in  I  beams  spaced  4  ft  9  in  on  cenicn 
weighing  10  tb  per  tiuear  foot.  The  weight  of  the  purlins  per  squait  k 
roof  is  therefore  etiual  to  10  lb  divided  by  4%,  or  J.i  !b.  For  a  span  of  4 1 
the  corrugated  iron  should  be  No.  iS  gauge  (see  Corrugated  Iran,  P.iTi  III; 
1601)  weighing  3  ib per eq ft.  For  theweighl  of  the  trussand  bmcingtbtl 
talien  is  that  given  in  Table  V  lor  a  span  ol  lOo  ft  and  Vt-inlch,  lo.S  lb.* 
gives  a  total  dead  load  of  14.9  lb  per  sq  fl  of  sloping  surface. 

For  wind  and  snow  we  should  allow  11  lb  per  sq  ft  if  the  building  is  A 
in  the  Central  states,  maJiiug  the  total  roof-load  36.9  lb  per  sq  ft.  It  is 
generally  recommended,  however,  that  no  roof  should  be  designed  lor  1 
less,  all  loM,  than  40  Ib  per  iq  It;  the  jcunt-loads,  therefore,  should  be  con 
on  that  basis.  The  only  loaded  joints  in  this  truss  are  those  under  the  p 
The  trusses  are  spaced  19  ft  i\i  in  and  the  purlins  4  f t  9  tn  on  ccmers.  th> 
area  supported  at  each  upper  joint  being  91  sq  ft.  The  joint -loads,  the 
tbi>uld  be  Ggored  at  j  640  lb.    Even  for  the  locality  in  which  it  was  buP 


h  tnus  and  btadng  was  4  lb  per  vi  ft  ol 


il<Via«| 
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:  Twji;  and  it  would  hardly  be  considered  safe  for  states  further 

Flat  Roof.  Example  5*  This  truss  is  for  a  flat  roof  (Fig.  5). 
>f  spruce  and  there  is  a  five-ply  gravel  roof  and  a  plastered  ceiling, 
oad  we  have, 

lb  per  sq  ft 

roofing 6 

sheathing 3 

rafters 2\i 

purlins 2 

truss,  about 4^ 


dead  load  in  pounds  per  square  foot lyV^ 

s  required  for  wind-pressure,  but  the  snow-load  is  a  large  per- 
>tal  load  in  any  of  the  Northern  states,  as  indicated  in  Table  VII. 


^. — 


-»?8? *!  ^sx«'Rafters 


Fig.  5.    Howe  Truss 

te  building  is  located  in  one  of  the  Central  states,  30  lb  per  sq 
ired  for  snow,  making  the  total  roof -load  47  V^  lb.  The  plaster 
eillng- joists  weigh  about  i2V^  lb  and  as  the  roof -space  is  not 
for  storage,  13  lb  per  sq  f t  is  a  sufficient  allowance  for  the  ceil< 
hat  the  trusses  are  to  be  uniformly  spaced,  14  ft  on  centers, 
ort^  at  joint  2  is  9^^  by  14  ft,  or  133  sq  ft,  and  the  area  sup- 
9%  by  14  ft,  or  135H  sq  ft.  The  ceiling-area  supported  at 
[  ft,  or  130%  sq  ft  and  at  joint  5, 9  by  14  ft,  or  126  sq  ft.  Mul- 
lese  areas  by  the  corresponding  load  per  square  foot,  we  have 
d  at  joint  2,  6  428  lb  at  joint  4,  x  699  lb  at  joint  3,  and  x  638  lb 
ictice  it  is  hardly  worth  while  to  compute  the  stresses  closer 
it  the  loads  may  as  well  be  put  down  at  an  even  50  or  100  lb 
obtained  by  computation.  When  the  roof  is  supported  by 
>ften  some  joints  of  the  truss  which  have  no  load.  Thus  for 
Fig.  16,  Chapter  XXVI,  there  are  no  loads  on  joints  2,  6  and 
supported  at  joint  4  (Fig.  16)  is  equal  to  one-half  the  distance 
^lie  distance  halfway  to  the  truss  on  each  side.  If  the  lower 
ins-joists,  there  is  a  load  at  each  of  the  joints  3,  5,  7,  9,  etc. 
2in  be  drawn  for  any  arrangement  of  loads,  the  important 
>ute  the  loads  exactly  as  they  are  placed  on  the  truss. 
>Ies  illustrate  fairly  well  the  method  of  computing  the  loads 
of  trusses.  Other  special  cases  of  loading  should  be  com- 
principlie 
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t.  Determinmtioii  of  Stresses  by  Compntalioii 

Stresses.  To  determine  the  stresses,  a  diagram  of  the  truss,  compo9 
of  single  lines  representing  the  centra]  axial  or  median  lines  of  the  tniss^membe 
should  first  be  carefully  drawn  to  a  scale  and  the  loads  at  the  different  joii 
indicated  by  arrows  and  numbers  as  in  Figs.  10  and  12.  If  the  center  lines 
the  members,  as  they  are  actually  placed,  do  not  intersect  at  common  pdn 
they  must  be  made  to  do  so  in  the  diagram,  as  the  stresses  can  be  cx>ifPUTED  on 
on  the  assumption  that  the  oenter  lines  of  all  members  meeting  at  any  ioi 
intersect  at  a  oommon  point.  In  wooden  trusses  it  is  not  always  practicable 
place  the  members  so  that  their  center  lines  meet  in  a  conunon  point  at  ci 
joint;  but  this  condition  should  obtain  as  nearly  as  practicable,  and  in  st< 
trusses  the  joint-connections  should  be  made  so  that  the  lines  passing  throq 
the  centers  of  gravity  of  the  cross-sections  of  the  members  meetrng  at  a  joi 
intersect  in  the  same  point. 


Table  X.    Coeflkients  for  Detcnniiiiiit  tbe  Stresses  m  Simple 

Fan  Trasses 

WHEN  PANEL-LOADS  ARE  AIL  EQUAL 


l-«ttpan 


Simple  Fink  Tnias  Simpk  Fan  Tnoe 

To  find  tbc  stress  in  any  member,  multiply  its  fiictor  by  the  penel-load.  P 

SIMPLE  FtNK  TRUSS 


Member 


A 
B 
D 
F 
C 
K 

A 
B 
C 
D 
E 
F 
C 
K 


Kind  of  stress 


//*-3 


Compression 


Tendon 


2.T0 
2.15 

0.83 
2.25 
1.50 
0.7s 


i/*-3.464 


300 
2.50 
0.87 
2.60 

I  73 
0.S7 


l/*-4 


3.35 
2.91 
0.89 
3  00 
3  00 
I  00 


l/*-5 


4  Oi 
367 
0913 
3  75 
2  50 
1  as 


SIMPLE  PAN  TRUSS 


Compression 


Tensioo 


4. 51 
3-54 
3-40 

0.93 
0.93 

3.75 
2  25 
1.50 


5 

4. 

4 

I. 

I 

4 

2 

I, 


00 
00 
00 
00 
00 

33 

60 

73 


559 
4.SS 
4.70 
2.06 
1.08 
5.00 
3.00 
a. 00 


6.73 
5-59 
5  99 

X.2X 
I.Zl 
6.2s 

3  75 
a.9D 
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m  ci  Streatet.  As  a  general  rule,  the  stresses  in  a  roof -truss  can 
much  more  readily  by  the  gkaphic  method  than  by  matheicati- 
[ONS  and  with  as  dose  a  degree  of  accuracy  as  is  necessary.  There 
IS  of  trusses,  however,  for  which  the  stresses  can  be  more  easiiy 
'  COUPUTATION.  Such  trusses  must  be  symmetrical  in  shape 
)ads  all  alike,  as  is  quite  frequently  the  case  with  simple  steel  roofs 
ng-Ioad. 

>  XIII  give  constants  by  which  the  stresses  in  Fink  and  fan 

>  readily  compxtted  simp^''  by  multiplying  the  constant  by  the 
•load.  These  tables  apply,  however,  only  when  the  rafter  is 
!  struts  into  equal  spaces,  giving  equal  panel-loads.  For  any 
IS  the  stresses  should  be  determined  by  the  graphic  methoo. 


CoeiBcitals  for  Detttrmiiiiiig  tlie  Stressas  in  an  Bight-Panel 

Fink  Tmss 

when  panel-loads  are  ail  equal 


.^•span 


3L5P 

Eight-panel  Fink  Truss 
stress  in  any  member,  multiply  its  factor  by  the  panel-load,  P 


iCind  of  stress 

/;a=3 

r'A-3.464 
-30° 

l/h'4 

//A -5 

*om  pression 

6.31 

7.00 

7.83 

9-42 

s  76 

6.50 

7.38 

9  OS 

S.20 

6  00 

6.93 

868 

4.6s 

5.50 

6.48 

831 

0.83 

0.87 

0.89 

0.93 

I  66 

1.73 

I  79 

1.86 

0.83 

0.87 

0.89 

0.93 

ension 

0.75 

0.87 

1. 00 

1. 25 

** 

0.75 

0.87 

x.oo 

1. 25 

** 

I. SO 

1.73 

2.00 

2.50 

*4 

2.25 

2.60 

3.00 

375 

•  a 

S.2S 

6.06 

7.00 

8.7S 

«• 

4  50 

S.tg 

6.00 

7-50 

»t 

3.00 

3.46 

400 

5  00 
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Table  Zn.    Coefficients  for  Determininc  the  Stretses  in  Cambered  Vtadc 

>  and  Fan  Trusset 

WHEN  PANEL-LO.IDS  ARE  ALL  EQUAL  AND  THE  CAMBER  EQUALS  ONE- 
SIXTH  THE  RISE 


4 1=  span 

R,al.6P  p.     ^ 


Ri=  2.6P 


I  s  span 


To  find  the  stress  in  any  member,  multiply  its  factor  by  the  panel-load,  P 


TRUSS  LIKE  FIG.  A 


Member 


A. 
B. 
D. 
F. 
G. 
K. 


Kind  of  stress 


Compression 


Tension 


//A -3 


3.64 

3.09 
0.83 

3.07 
1.80 

1.43 


i/*-3464 
-30- 


4  13 
3.63 

0.87 
362 
2.08 
1.69 


//*-4 


4.70 
4.25 
0.89 

4.24 
2.40 

1.98 


//A-S 


5  7« 
5  41 
o  93 
5-40 
3  oc 
2.52 


TRUSS  LIKE  no.  B 


A 

B 

C. 

D 

E 

F. 

G. 

K 


Compression 


Tension 


6.09 

4.89 

4.96 
1.04 

04 
12 
70 
66 


6.88 

7.83 

S-63 

6.48 

5.88 

6.93 

I. IS 

X.26 

LIS 

1.26 

6.03 

7.07 

3  12 

3.60 

3.13 

3.67 

9  64 
8  xo 
8S9 
1  49 
I  49 
9.CI 

469 


Table  XIV  gives  coefficients  which  are  general  for  any  span  and  depth 
eight-panel  roof-trusses  with  the  Howe  and  Pratt  types  of  bradng.  Tables 
and  XVI  give  formulas  for  computing  the  stresses  in  symmetrical  Howe 
Pratt  trusses  which  are  Bymmetrically  loaded.  The  coefficients  are  gi-wen 
trusses  having  an  odd  number  of  panels.  For  the  Howe  truss  with  an  c 
nurooer  of  panels  the  coefficients  for  the  center  load  on  the  top  chord  are  c 
diviued  by  two.  For  the  center  load  on  the  bottom  chord  the  coefficients 
ftlso  divided  by  two,  except  that  for  the  center  vertical,  which  renaains  ua 
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truss  with  an  even  number  ol  paneb  the  coefficients  are  divided 
;  center  loads  lor  all  pieces,  except  that  for  the  center  vertical 
i  top  chord,  the  coefficient  remains  ujuty.  For  the  young  architect 
se  tables  will  be  found  useful  in  furnishing  a  chedk  upon  stresses 

CKAPHIC  METHODS. 

Coofllcienti  for  Datermhuag  the  StresMs  in  an  Xii^t-Panel 
Cambered  Fink  Trosa 

-LOABS  ARE  ALL  EQUAL  AND  CAMBER  EQUALS  ONE-SZXIH  THE 

TOTAL  RISE 


;*apan 


in  any  member,  multiply  its  factor  by  the  paneMoad,  P 


ICind  of  stress 

//A-3 

VA-3.464 
-30« 

//»-4 

//»-5 

Coxnpression 

8.49 

963 

10.96 

13-49 

«• 

7.94 

9  13 

I0.5Z 

13.  II 

M 

7.39 

8.63 

10. 06 

12.74 

M 

6.83 

8.13 

9 -61 

12.37 

«• 

0.83 

0.87 

0.89 

0.93 

U 

1.66 

1.73 

1.79 

1.86 

•  i 

0.83 

0.87 

0.89 

0.93 

["elision 

1.02 

1. 21 

1. 41 

1.80 

«« 

1.02 

X.21 

1.41 

1.80 

«« 

2.87 

3.37 

3.96 

S.04 

•* 

3.89 

458 

5.37 

6.85 

•« 

7.17 

8.44 

9.90 

12.61 

«« 

6.XS 

7.23 

8.48 

10.81 

•• 

3.60 

4.16 

4.80 

6.00 

Stresses  in  Boof-TruBses  Chap.  S 

Takto  QV.     CoaSdesM  tor  n^^^tnd  Eoa<~Treue* 


Ik 

_,^_ 

% 

^      1 

' 

IK^I.,  PfH 

»r 

■r^^iLEki' 

v}\ 

1 

■^J-*- 

CMling- 
louis. 

Loglhof 

Roof-loadi. 

Cdltos- 
l«ds. 

Loutbd 
member 

V 

;:^ 

1.501^?+; 

•■■"'^ 

I.7sVS+i 
'..75VVT; 

1.JSVW4 

„W^ 

f 

I.IsV'l'+4 

i,ecv'K^4 

'■ 

.. 

L 

1-75" 

CLUSld 

1.31  • 

1.7!  ■ 

MU-* 

L, 

I.TSH 

1.7SK 

l.SOU 

I^» 

I, 

I.SO» 

i-SOii 

■■ 

MS" 

i.aS. 

" 

L, 

I.1S>I 

1.25" 

■■ 

1.00  « 

i.a>> 

" 

^ 

o-S 

'■" 

O.S0* 

" 

d 

V 

1J> 

».o 

O.T3* 

I.O 

1.0 

O-TS* 

3.0 
o.J5V«i+4 

..CO* 
O.I3StVS+l 

>.I5VnHj6 

0.3sVii'+i6 

1.00  i 

o. 

o.jjVi'+je 

o.wV-'+jB 

.^MV.r+64 

o.J5V»'+64|D.Ias*vV-t. 

■ 

S 

Uw-cocffici 

1.1  X  P  «  * 

™ 

oralBlf-tna 
all  boKoa-. 
uinuikchar« 

s  supported 
Jxudcocfficx 
.d. 

t  .4  and  S.  rrd 
nt<  by  ..    Th 

ua  111  top-c 

■ordcwfidc 

^V-H 
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CodBcieflts  for  Howe  Tmuet  which  are  Synmietrlcil  About 
the  Center  of  the  Span  and  SyminetrieaUy  loaded 


ypeaeb 


Pi 


k 
k 
k 


o 
o 

o 
o 
o 

o 

Px 

.o 

a 

o 


p, 


p. 


(«+*)+* 
Ca+fc)+A 

V«3Ta*+a 

V6*+A«+A 

0 

o 

I.O 
0 

o 


/>3 


1.0 
1.0 

o 


(a+6)+* 
(o+6+f)+* 

V5TP+A 
o 

1.0 

1.0 
0 


^1 


5  panels 


A 


a+A 
a+A 


Va«+A*+» 
o 

0 
0 

o 


I  3 
I  0 
1.0 


z.o 
0 


pf 


a+A 
(a+ft)+A 


3  pflTlflff 


Pi 


<r-!-A 


■n/oH^+A  Vo«+A«+A 
\/6»+A2-5-A 


1.0 

0 


P\ 


z.o 

1.0 


p\ 


z.o 


etc » the  coefficients  for  the  chords  and  diagonals  are  the  same  as 
\^  J>i,  Pi,  etc.  The  coefficients  for  the  verticals  for  loads  Pi,  Pt,  etc., 
•opplementary  table  below  the  general  table.  Tension  is  indicated 
b»y  lig]iit  lines. 
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TaUe  ZVI.    CoefBdents  for  Pratt  Tnuaes  which  ar«  STmmetrioU  About 
the  Center  of  the  Span  and  Synunetrically  Loaded 


Ttf  AIT1 1"tf>r 

7  panels 

5panela 

apaads 

Px 

Px 

Pt 

Px 

Pi 

Pi 

LiandLi 
La  and  U* 

a+h 
a+h 
a+h 

0 
0 
0 

o 

0 
0 

a+h 

(a+6)+A 
(a+6)+A 

a+h 

{a-^b)+h 
ia+b'^c)+h 

a+h 
a+h 

a+h 
{c+6)+A 

a+h 

La  and  U% 

Ua^La... 

Di 

Dt 

D» 

Va«-fA«+A 
\/6«+A*+A 

0 

0 

0 

1.0 

0 

\/a4+A«+A 
Vc^+»+h 

0 
0 

z.o 
z.o 

Va«+A«+A 

0 
0 

Va*+A»+A 
V6*+A«+A 

0 

V«H-**+ 

D 

Vi 

Vt 

r, 

0 
0 

o 

I.O 

o 

Pi 

Pi 

1 
Pi            Pi 

Pt 

Px 

Vx 

Vt 

V, 

1.0 
0 
0 

0 
0 
0 

0 

z.o 

0 

z.o 

0 

0 
0 

I.O 

For  loads  Pif  Pi,  etc.,  the  coefficients  for  the  chords  and  diagonals  are  the  saiaet 
given  for  the  loads  Pi,  Pt,  etc.  The  coefficients  for  the  verticals  for  loada  Pi,  Pi.^ 
are  given  in  the  supplementary  table  below  the  general  table.  Tension  is  iadkaa 
in  the  truss-diagram  by  light  lines. 


:ioa  of  Stresses  in  Roof-Trusses  by  Graphic  Methods    1065 

tmples  Showing  Use  of  Tables  in  Stress-Computations 

an  Truss.    Example  z.     In  this  example  a  simple  fan  truss  of 

i  considered.    The  distance  on  centers  of  trusses  is  12  ft.    The 

5s  is  9  ft,  or  l/k  *  4.    The  total  load  per  square  foot  of  roof  is  40  lb. 

of  rafter  is  20  ft,  nearly.    The  panel-load,  F^^%X  12X40^ 

len  from  Table  X, 

)wer  end  of  rafter  i4  -  3  200  X  5.59  =  17  888  lb 

ads  of  main  tie  F  =■  3  200  X  5.00  «  16  000  lb 

;nter  of  main  tie  G  =  3  200  X  3.00  -  9  600  lb 

races  D  and  £  -  3  200  X  1.08  -  3  456  lb 

eJC-3  20oX2  -6 400 lb 

»1  Howe  Tmss.    Example  2.    (Table  XV.)    A  five-panel  Howe 
lered,  for  which  A  =  6  ft,  a  =  9  ft,  6  -  10  ft  and  c  -  12  ft.    Let  the 
ced  10  ft  on  centers,  the  roof-load  be  40  lb  per  sq  ft  and  the  ceiling- 
:  sq  ft.    The  panel-loads  become: 
9+10)  (10X40)*- 38001b  I      ^,,^« 
9+  10)  (lox  15)  -  I  400  lb  1  "  5  ^^^ 
0+12)  (10X40)  =  4400 lb  f      - ,. 

o-f.  12) (10x15) -1 700 lb  j:  -fiiooib 

I  -  %  X  5  200  + %  \  6  100  -  17  oeo  lb 
, .  % X  5  200+  ^^ X  6  xoo  -  27  100  lb 
>/6  (s  200-}-  6  100)  -  20  400  lb 
i/6X6  100-  II  900  lb 
0+  I  400+  I  700  -  7  SCO  lb 
lb 

esults  all  values  between  50  and  100  have  been  conddered  100. 

tuition  of  Stresses  in  Roof-Trusses  by  Graphic  Methods 

c  Method  is  the  simplest  and  in  most  cases  the  quickest  method 

the  stresses  in  a  roof -truss;  and  it  has,  besides,  the  additional 

being  applicable  to  any  true  truss-form  or  any  arrangement  of 

is  also  less  chance  of  making  a  mistake  in  the  ghaphic  method 

sthod  of  NtTiCEaiCAL  coifPUTATioN,  as  an  error  in  the  graphical 

t  always  becomes  manifest.    When  the  principles  are  under- 

)IAGRAMS  can  be  very  quickly  drawn,  without  the  aid  of  books 

the  forms  of  trusses  in  common  use,  the  method  of  drawing  the 

is  quite  simple;  and  a  careful  study  of  the  following  examples, 

>y  a  little  practice  in  drawing  the  diagrams,  should  enable  any 

^htsman,  or  builder  to  understand  the  principles  involved  in  the 

XYSIS  OF  SOOF-TRUSSES. 

rpon  Which  the  Graphic  Method  is  Based.  To  thoroughly 
1  method,  a  knowledge  of  the  composition  and  resolution  of 
»Iained  in  Chapter  VI,  is  essential;  and  before  studying  this 
dent  should  read  carefully  pages  288  and  289.  The  theorems 
>Iained  on  these  pages  form  the  basis  of  graphic  statics. 
ic  METHOD  all  forces,  including  the  loads,  are  represented 
s,  and  the  directions  of  the  forces  must  be  constantly  kept  in 
is  of  assistance  to  indicate  the  direction  of  a  force  by  an  arrow- 
led  on  page  289.  The  direction  in  which  a  force  acts  with  refer- 
indicates,  also,  whether  it  is  a  pushing  or  a  pulling  force,  or 
nber  on  which  the  force  or  in  which  the  stress  acts  is  in  compres- 
r.  This  is  more  fully  explained  in  the  following  pages,  and  also 
itb  several  of  the  stress-diagrams. 
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Forces  end  Stresses  which  Act  On  and  In  a  Trass.    Evoy  stnn^ 

gram  represents  three  sets  of  forces,  viz.,  the  external  loads,  the  supportii 
foroes  or  SEACnONs,  and  the  stkesses  in  the  tnxss-members. 

Snpportinc  Forces  or  Reactions.  For  a  truss  to  remain  in  place,  two 
the  conditions  for  equilibrium  are  that  the  algebraic  sums  of  the  vertical  aj 
horizontal  components  of  all  the  forces  acting  upon  the  truss  must  respective 
equal  zero.  Then  the  horizontal  and  vertical  components  of  the  supportii 
forces  or  reactions,  taken  together,  must  respectively  equal  the  horizontal  ai 
vertical  components  of  the  loads.  The  loads  and  reactions  are  consider 
as  the  external  forces  acting  on  the  truss  and  form  part  of  the  stress-dlagia 

Symmetrical  Loads.  When  the  loads  or  vertical  forces  are  symmetrical  < 
each  side  of  the  middle  of  the  span,  the  supporting  forces  are  equal,  and  each 
equal  to  one-half  the  total  load  on  the  truss. 

Unsymmetrical  Loads.  When  the  loads  are  not  symmetrical  about  t 
middle,  either  in  regard  to  point  of  application  or  to  magnitude,  the  supportii 
forces  are  unequal  and  in  most  cases  must  be  determined  before  the  strei»-di 
gram  can  be  drawn.  The  supporting  forces  for  unsymmetricaUy  loaded  trua 
may  be  computed  by  the  method  of  the  moments  of  forces,  explained  i 
pages  322  to  324. 

Stress-Diagrams  for  Vertical  Loads.  Before  the  stress-diagram  for  a  tn 
can  be  drawn,  it  is  necessary  to  make  a  skeleton  drawing  of  the  truss,  repiesendi 
the  central  or  median  lines  of  the  members  as  explained  on  page  X05&.  11 
diagram,  called  the  truss-dlagram,  should  be  drawn  on  the  same  sheet 
paper  as  the  stress-diagram,  for  convenience  in  drawing  the  latter.  T 
truss-diagram  should  also  have  all  of  the  loads  which  come  on  the  truss  indicat 
by  arrows  and  figures,  as  in  the  following  examples. 

Supporting  Forces.  The  supporting  forces,  also,  should  be  indicated  ( 
the  truss-diagram  as  in  Fig.  10.  These  forces  are  determined  as  explaia 
on  pages  322  to  324. 

Lettering  the  Truss-Diagram.  After  the  truss-diagram  is  drawn,  it  is  go 
venient  to  letter  it  according  to  the  method  known  as  Bow's  Notatiok,  whi 
allows  a  ready  comparison  of  the  truss-diagram  and  the  stress-diagu 
and  also  enabfes  the  student  to  readily  draw  the  stress-diagram  and  to  inuaei 
ately  determine  the  character  as  well  as  the  magnitude  of  the  stresses,  t 
essential  principle  of  this  method  is  the  lettering  of  each  space  on  each  ■ 
of  every  external  force  and  of  every  member  of  the  truss,  so  that  on  the  trai 
diagram  a  truss-member  or  external  force  is  denoted  by  the  letters  on  ea 
side  of  it.  Wlien  the  stress-diagram  is  drawn,  it  will  be  found  that  the  sn 
letters  come  at  the  ends  of  the  lines  representing  the  external  forces  and  i 
stresses  in  the  truss-members. 

The  Simple  Triangular  Frame  is  much  used  in  building  coastniction.  si 
most  forms  of  roof-trusses  are  combinati<xis  of  such  triangles.  It  is,  therefal 
worth  while  to  show  how  easily  the  above  principles  may  be  used  to  detcnaj 
the  stresses  in  such  a  frame.  Diagram  z,  Fig.  6,  represents  the  truss-dugij 
of  a  triangular  frame  properly  lettered.  A  load  of  100  lb  is  applied  at  the  ^ 
The  weight  of  the  frame  is  disregarded.  In  diagram  2,  a  vertical  line  ab  is  dnM 
I  in  long  (say  to  a  scale  of  100  lb  to  the  inch),  representing  the  force  ii 
From  b,  bd  is  drawn  equal  to  Ri  and  from  d,  da  equal  to  Ri.  These  three  b^ 
represent  the  external  forc«%  acting  on  the  truss,  and  the  polygon  oMa,  c^ 
the  force-polygon,  is  always  a  closed  figure  if  the  forces  are  in  EQinustni 
Since  the  force  AB  is  vertical  and  Ri  and  Ra  are  parallel  toAB,  the  figure  «Mi 
a  straight  line,  bd  and  da  coinciding  with  ab.    If  the  external  foroes  form  a  CLOtf 
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:n  laid  off  to  scait,  usually  in  order,  the  frame  or  truss  upon  which 
not  be  moved  either  vertically  or  horizontaliy  by  the  forces.  The 
ON  should  always  be  drawn  and  closed  before  any  attempt  is  made 
the  stresses  in  the  members  of  the  truss.  The  stresses  in  the 
he  truss  will  now  be  found,  beginning  with  those  meeting  at  joint  i . 
d  CD  meet  at  this  joint.  The  stresses  in  these  two  pieces  and  Ri  are 
m  and,  consequently,  if  laid  oS  in  order  will  form  a  closed  figuke 
Chapter  VI.  In  diagram  2,  da  represents  Ri  in  magnitude  and 
From  a  draw  a  line  parallel  to  AC  and  from  d  a  hne  parallel  to  CD 


o 


I.  Truis4iagram 

F!g.  6.    Triangular  Frame 


2.  Stress-diagnuu 


lem  until  they  intersect  at  c.  ac  is  the  stress  in  AC,  and  cd  that 
and  da,  or  ^1,  are  in  equilibsium  since  they  form  a  closed  fig- 
the  forces  in  order,  da,  or  Ri,  is  known  to  act  towards  the  joint. 
ic  is  also  towards  the  joint  and  hence  the  stress  is  of  the  same 
le  force  Rx  and  the  piece  i4C  is  in  coscpxession.  AC  pushes 
It  as  Jii  does.    Continuing  around  the  stress-polygon  doc,  in  the 

cd  acts  away  from  the  joint  and  the  stress  in  CD  is  opposite  in 
le  force  Ri,  or  CD  is  in  tension.  CD  pulls  away  from  joint  i . 
stresses  in  the  pieces  BC  and  CA  and  the  force  AB  are  in  equi- 
sides  of  the  stress-polygon  are  a6,  he  and  ca  (diagram  2).  The 
represents  the  load  of  100  lb  acts  down  and  towards  the  joint, 
id  towards  thu  joint,  showing  that  the  stresses  in  BC  and  CA 
'.  character  as  the  force  AB,  or  that  the  pieces  push  against  the 
».ch  is  in  compression.  At  joint  3,  the  two  pieces  meeting  are 
!'he  STSESS-POLYGON  is  hdc.  Here  hd  acts  towards  the  joint,  dc 
joint,  and  cb  towards  the  joint.  As  found  before,  the  stress  in 
&nd  that  in  CB,  compression.  Diagram  2  is  made  up  of  three 
rs,  one  for  each  of  the  joints  shown  in  diagram  i.  Each  of  these 
sidered  independently  when  determining  the  magnitude  and 
he  stresses  or  forces.  This  is  important  to  remember  when  the 
s  are  combined  as  in  diagram  2.  In  determining  the  character 
4C,  lor  example,  from  the  stress-polygon  doc  for  joint  i,  the 
rards  joint  i,  while  from  the  stress-polygon  abc  for  joint  2,  ca 
It  3.  In  both  cases  the  piece  i4C  is  pushing  against  the  joints 
>  in  OOMPBESSION.  If  arrow-heads  are  used  in  indicating  the  di- 
>rces  in  the  stress-polygons,  they  should  be  erased  as  soon  as 
f  the  stresses  for  the  joint  being  considered  have  been  found; 

polygona  are  oombined  as  in  diagram  3,  each  line  will  have  two 
Ltins  in  opposite  directions,  leading  to  confusion.  Arrow-heads 
XKi  the  t&uss-diaoram.  Each  piece  will  have  two  arrow-heads, 
referring  to  the  joint  at  the  end.    When  the  arrow-heads  point 
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away  from  each  other  the  piece  is  in  goicpressiok,  and  when  they  i)c 
towards  each  other  the  piece  is  in  tension. 

It  is  important  to  keep  in  mind  the  direction  in  which  the  forces  and  strea 
are  considered  in  order,  in  going  arouild  the  truss  or  aroimd  a  joint.  In  Fl 
6  and  8  the  curved  arrows  show  that  a  clockwise  direction  has  been  choa 
This  makes  the  stress-lines  of  the  stress-diagram  come  on  the  left  of  the  la 
fine.     This  direction  has  been  taken  for  all  the  trusses  in  this  chapter,  exo 

for  a  few  diagrams  for  wind-loads.    The  strea 
could    have    been  determined   just   as   well 
taking  a  contra-dockwise  direction. 

If  two  men  pull  on  the  two  ends  of  a  ro 
exerting  pulling  forces  of  equal  intensity,  i 
TENSiONAL  STRESS  in  every  cross-section  of  i 
rope  is  equal  to  the  force  with  which  one  n 
pulls;  and  each  end  of  the  rope  pulls  away  fr 
the  man  holding  it,  with  a  force  equal  in  magnitude  to  that  which  he  exa 
Thus  if  each  man  exerts  a  force  of  loo  lb  the  stress  in  the  rope  is  loo  lb  i 
each  end  of  the  rope  pulls  away  with  a  force  of  loo  lb.  If  the  men  push  agai 
the  two  ends  of  a  piece  of  timber  with  a  force  of  loo  lb,  the  timber  pusi 
against  each  man  with  a  force  of  loo  lb,  although  the  entire  compkess 
STRESS  in  every  cross-section  of  the  timber  is  but  loo  lb.  Conseqnen 
hTREss-LiNES  are  sometimes  drawn  with  arrow-heads  pointing  towards  ci 
other,  as  at  i4,  Fig.  7,   denoting   tension;  or  with  arrow-heads 
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1.  Truss-diagram 


2.   Stiess-diasiazn 
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Rj^eeji' 


8.  Truss-diagram 

Fig.  8.    Trussed  Beam 

in  opposite  directions,  as  at  B,  denoting  coicpression.  It  is  better,  howei 
to  omit  arrow-heads  on  stress-lines,  putting  them  on  lines  represefll 
external  forces  only.  The  stress  in  any  member  of  a  truss  acti 
opposite  directions  at  the  two  ends  of  the  piece.  This  is  an  important  ti^ 
to  remember  in  drawing  stress-diagrams. 

The  Trussed  Beam.    Fig.  8  shows  a  load  supported  by  a  beam,  post  or^ 
and  two  ties  instead  of  by  two  struts  and  a  tie.    The  effect  on  the  rvxl  fond 
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s  the  same  whether  the  load  is  applied  as  shown  in  diagram  i,  or 
ia^iram  3.  Conaidering  the  case  shown  in  diagram  i :  The  romcEr 
od  (diagram  2);  the  sides  of  the  stress-polygon  for  joint  i  are  od^ 
e  stress  in  DB  being  compression,  and  that  in  BO,  tension.  For 
ies  of  the  stiess-polygon  are  dc,  ca,  ab  and  bd^  the  stress  in  Ci4  be- 
on;  that  in  AB,  compression;  and  that  in  BD,  oompression.  For 
es  of  the  stress-polygon  are  ac^  co  and  oa.  The  stress  in  AC  ia  corn- 
that  in  OA,  tension.    The  condition  shown  in  diagram  5,  wh^re 
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1.  Tniss-diagTam 
Fig.O. 


Crane  Truss 


Streaa-dkgimm 


u—s'io'i- 


)ended  from  joint  4,  leads  to  a  different  form  of  stress-diagram, 
d  of  construction  remains  the  same.  The  stresses  in  the  pieces 
ith  the  exception  that  the  stress  in  the  lAectAB  is  zero  for  the  case 
am  3. 

Truss.  Fig.  9,  diagram  i,  shows  the  truss-diagraic  of  a  CRAi<rE 
leal  load  at  joint  2.  The  external  forces  acting  on  the  frame 
t  joint  2,  the  supporting  force  at  joint  3,  and  the  stress  in  the 

the  frame  is  in  equilibrium  imder  the  action  of  these  three  forces, 
a   point. 

a  ready 
ermining 
d  magni- 
ipporting 

Prolong 
i  draw  a 

through 
Qtersects 
)nged,at 
the  sup- 
ust  pass 
;,  3O  is 
of     this 

rE-POLY- 

1.  The  sides  of  this  polygon  are  he,  ca  and  ab,  ca  is  the  stress 
faich  is  in  tension.  The  stress-polygons  for  each  joint  can  now 
1   and  the  stresses  in  the  members  of  the  frame  determined 

EXAMPLES,  worked  out  in  detail  and  with  considerable  repeti- 
the  student  to  grasp  the  principles  of  the  graphic  method 

XRESSES  IN  framed  STRUCTURES. 

amm,     SjEamsl*  i.    Fig.  10  shows  the  truss-diacsam  of  the 
in  Fig.  1,  properly  drawn,  lettered  and  figured,  ready  for 


Fig.  10.    King-cod  Truss.    Tntss-diagram 
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drawing  the  smss-DiAGiAif .  The  supporting  force  at  the  left  b  SM,  the  loi 
at  joint  X  is  MA ,  the  bottom  of  the  rafter  is  i4£,  the  left  portion  of  the  tie-bet 
or  bottom  chord  is  ES,  etc.  The  loads  acting  at  joints  x,  2,  $,  4  and  5  a 
designated  as  MAy  AB,  BC,  CD  and  Dff  respectively,  and  those  at  joints  8, 
and  6  as  OFy  PQ  and  QS  respectively.  It  makes  no  difference  what  lettc 
are  used,  except  that  it  is  better  to  first  letter  the  outside  spaces  consecutive 
and  then  the  inside  spaces. 

Force-Polygon.    The  force-polygon  is  now  constructed  by  laying  off 
scale  (Fig.  10a)  the  external  forces  in  order,  beginning  with  the  force  MA,  ai 

following  with  AB,  BC,  CD,  DN  laid  < 
downward,  NO  laid  off  upward,  OP,  P 
QS  laid  off  downward,  and  SM  laid  4 
upward.  If  the  work  is  correct,  the 
forces  form  a  closed  nGURE. 

Stress-DiAgramt.  The  stress-di 
ORAifisdrawnby  taking  the  forces  acti 
on  the  joints  in  consecutive  order,  001 
mendng  at  one  of  the  supports.  It 
convenient  to  start  with  the  support 
the  left,  or  at  joint  x.  In  actual  coi 
putations  it  is  not  necessary  to  numb 
the  joints,  but  in  order  to  refer  to  the 
in  the  description  it  is  necessary  to  nui 
ber  them  in  the  illustrations.  Commes 
ing  at  joint  i,  the  first  step  in  dntva 
the  STRSss-DiAGRAM  is  to  draw  a  vettic 
line  to  a  scale  of  P0t7Ni>s-io-TH£-iiici  1 
Stress-  represent  the  supporting  force  SM.  H 
line  is  the  line  sm  already  drawn  in  ca 
structing  the  forcs-polygon  (Fig.  IQ 
which  might  be  drawn  to  the  scale  of  16  000  lb  to  the  inch.  It  is  best 
use  a  scale  as  large  as  convenient  in  order  to  have  a  relatively  small  stres 
DIAGRAM.  An  engineer's  scale,  one  divided  to  loths,  2oths,  aoths,  etc.,  of  1 
inch,  is  found  most  convenient  for  these  drawings.  The  small  letter  s  is  plan 
at  the  bottom  of  the  line  sm,  and  the  letter  m  at  the  top.  From  m  is  laid  off  » 
representing  the  load  MA .  A  line  is  then  drawn  from  a,  parallel  to  the  xaft 
AE,  and  a  line  from  j  parallel  to  the  tie-beam  ES,  The  two  lines  meet  at 
and  M  represents  the  stress  inAE  and  es  the  stress  in  ES,  The  supporting  fan 
represented  by  sm,  acts  upward,  and  the  others  follow  oi  rotation,  showing  tk 
ce  acts  towairis  joint  i  and  that  the  member  i4£  is  in  compression,  and  shoi 
ing  that  es  acts  from  joint  i  and  that  the  member  £5  is  in  tension.  Gonad 
next  the  stresses  at  joint  6.  Commencing  at  the  bottom  of  the  joint  and  gal 
aroimd  to  the  left,  the  first  force  that  is  known  is  the  load  QS,  or  i  930  lb,  wU 
is  measured  to  the  scale  used  from  q  to  s,  downward,  as  the  loads  act  downwa 
The  point  5  was  located  in  drawing  the  stress-polygon  for  joint  i,  and  q 
in  constructing  the  force-polygon  for  the  external  forces.  The  next 
that  is  known  is  the  stress  se  which  has  just  been  determined.  As  this 
acts  to  the  right  from  joint  i,  it  will  act  to  the  left  from  joint  6,  as  the: 
in  the  two  ends  of  a  strut  or  a  tie  act  in  opposite  directions,  as  Gq;>lained  oo  1 
1068.  The  stresses  in  EEf  and  E'Q  are  not  known,  so  from  e  a  line  is 
parallel  to  EE'  and  extended  so  that  a  line  drawn  from  its  extremity  ^ 
parallel  to  E'Q  doses  on  q.  The  lines  ee*  and  e'q  are  thus  found,  winch 
sent  the  stresees  m  ££'  and  E'Q  respectively.    Starting  with  se,  the 


Fig.   10a. 


Eing-rod   Trass, 
diagram 
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I  be  XENSTOK  and  ftctiiig  frma  joint  6,  and  coing  aRMind  the  diAgFam 
IE!  and  E'Q  are  found  to  be  in  tension.  At  joint  2  the  streeses 
A  and  the  force  or  load  AB  ate  known,  leaving  the  stieases  in  BF 
e  detennined.  Fiom  a  lay  off  downward  ab  equal  to  the  force  or 
rom  h  diaw  a  line  parallel  to  BPy  and  firom  e'  a  line  parallel  to 
^  these  fines  until  they  interaect  at  /;  then  6/  is  the  stresa  in  BP 
n  FE'.  Both  memben  are  in  compkessiok.  At  joint  3,  the  un- 
or  stresses  are  the  stresses  in  CG  and  GF.  From  c  dcaw  a  line 
It  aad  iiDm/a  line  parallel  to  GP.  The  two  lines  intcnect  at  g, 
t  stress  in 
aat  in  CF. 
MpaxssioN 

TENSION. 

I8S  is  sym- 

syniffletri- 
Jie  stresses 
en  on  the 
middle  are 
D  those  on 
stresses  in 
tn  the  left 
have  been 

that  it  is 


Boof  Load  UXb.  i>erwi.ft 
(Mliair  LoMi  UlU  per  ■q.fL 


Rl^msS        '""^  •^"'  "^  Ra-UW 

Fig.  IL    King-rod  Truss.    Stresses 

to  dfaw  the  smBSS-pOLVOONs  for  joints  4,  5,  8  and  7.  It 
3e  to  complete  the  snEss-oiACtAif  indudfaig'  the  stresses  for 
the  truss.  A  dosed  symmetrical  figure  will  result,  unless  some 
n  the  construction*  thus  checking  the  work.  The  scale  is  now 
different  lines  of  the  sntsss-DiAOKAM  and  the  ha^mitodes  of 
btnined  as  indicated  on  the  corresponding  lines  of  the  truss-dia- 
In  practice  the  diagrams  of  Figs.  10  and  11  are  combined  in 


r^uss. 


Rj-XSBOO 


TVuss-diagram.     (See,  alao^  Figs.  Z,  53  and  54  aad  Chapter 
XXVm.  Fig.  1) 


hey  are  shown  separately  here  merely  to  indicate  the  succes- 
(rawing  of  the  diagrams  and  in  the  determination  of  the  stresses. 

Truam.  EnampU  a.  The  diagram  m  Fig.  12  represents  the 
he  members  of  the  queen  truss  shown  in  Fig.  3;  and  the 
re  those  found  in  example  2,  page  1055.  The  middle  braces  in 
are  indicated  by  dotted  lines  in  the  truss-diagram,  because 
teal  load  there  are  no  stresses  in  these  members*  and  they  are 
resented  by  lines  in  the  stress-diagram.    As  the  truss  is  syr  . 
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metrically  loaded,  each  supporting  force  or  reaction  is  equal  to  one-half  the  tot 
load,  or  i8  500  lb.  There  are  no  purlins  at  joints  i  and  6  to  carry  rafters  aa 
ceiling-joists,  which  are  supported  by  the  walls  of  the  building,  so  there  are  i 
external  loads  at  these  joints  as  in  the  previous  example.  The  very  small  da 
load  due  to  the  truss  itself  is  n^lected.  To  draw  the  foroe-polygoo,  first  dn 
the  vertical  line  qa  (Fig.  12a)  equal  in  length,  to  some  scale,  to  the  magnitui 
of  the  left  supporting  force;  then  in  rotation  and  at  the  same  scale  lay  off  tl 
distances  ab,  be,  cd  and  dg^  downward;  go,  equal  to  the  right  supporting  fan 
upward;  and  op  and  pq  downward,  closing  the  figure  at  q.  To  construct  tl 
combined  stress-diagram  using  the  force-polygon  just  drawn,  as  a  foundatia 
first  consider  joint  i.    From  a  draw  a  line  parallel  to  AE  and  from  f  a  lii 

parallel  to  EQ.  The  triangle  qae  represents  U 
three  forces  in  equilibrium,  meeting  in  a  point  ai 
acting  at  joint  i.  As  the  supporting  forces  si 
upward,  the  arrow-head  on  qa  points  upward.  Fo 
j»  -  'v^  «^  J.  lowing  the  sides  of  the  stress-polygon  qae  in  rotatia 
j^V     Zff^^^^o  ''^    ^acts  towards  the  joint  and  tq  from  the  join 

showing  that  a«  is  in  compression  and  tq  in  tenski 
Next  determine  the  stresses  acting  at  joint  2.  Tl 
stress  in  EA  is  now  known  and  represented  by  tl 
line  0a,  and  as  the  stress  at  joint  a  acta  in  a  directk 
opposite  to  that  at  joint  i,  it  now  acts  upwai 
towards  joint  3.  The  next  force  is  the  load,  63( 
lb,  which  acts  downward.  The  point  b  has  alresid 
been  found  by  measuring  from  a  a  distance  equal  \ 
6  300  lb  at  the  same  scale  as  used  in  drawing  f 
There  now  remain  two  stresses  to  be  found  for  joii 
2,  those  in  BF  and  FE.  Draw  bf  parallel  to  BF^  ai 
fe  parallel  to  FE,  the  two  lines  intersecting  at . 
Then  the  sides  of  the  po^gon  ahjt  represent  respectively  the  magnitodi 
of  the  four  forces  acting  at  joint  2;  and  the  character  of  the  stresses 
determined  by  the  directions  in  which  the  stress-lines  are  drawn,  in  orde 
in  going  around  the  joint.  In  this  case  they  all  act  toward  the  join 
and  £.4,  BF  and  FE  are  in  compression.  The  stresses  acting  at  jomt  3  or 
may  be  determined  next,  as  only  two  of  them  are  unknown  at  either  joui 
Considering  the  external  force  and  the  three  stresses  acting  at  joint  3,  the  stic! 
in  FB  has  been  determined  and  is  represented  by  the  line  /6,  whidi  is  drawn  a| 
ward  for  this  joint.  The  load  or  force  BC,  8  550  lb,  is  known  and  is  represeotc 
by  be.  ch  is  drawn  parallel  to  CH,  and  hf  parallel  to  HF,  dosing  the  polygoi 
The  length  of  ck  determines  the  magnitude  of  the  stress  in  Cff  and  V  the  stiel 
in  HF.  The  stresses  in  all  the  truss-members  but  HP  are  now  determine 
This  stress  is  found  by  considering  the  force  and  stresses  acting  at  joint  7.  ^ 
this  joint  the  force  PQ,  or  3  650  lb,  and  the  stresses  in  Q£,  EF  and  FH,  repteseote 
respectively  by  Pq,  qe,  ef  and  fk,  have  been  determined.  The  line  kp,  represenl 
ing  the  stress  in  HP,  completes  the  polygon  for  joint  7.  Hence  kp  determiM 
the  stress  in  HP,  and  as  A<0  is  drawn  from  left  to  right,  from  the  joint,  HP  isi 
tension.  With  reference  to  joint  3,  the  line  ck  is  drawn  towards  joint  3  aS 
hence  CH  is  in  compression.  Scaling  the  lines  in  the  stress-diagram  (Fig.  1^ 
the  figures  shown  by  the  side  of  the  lines  are  obtained.  They  indicate  the  mi^ 
nitude  of  each  stress  in  pounds,  the  -f-  sign  denoting  compression,  and  the  -  9^ 
tension.  The  two  foregoing  examples  illustrate  the  method  of  drawing  tl 
stress-diagrams  for  simple  symmetrical  trusses,  symmetrically  loaded.  11 
truss-diagrams  should  be  drawn  in  accordance  with  the  measurements  givd 


Fig. 


12a.     Queen   Truas. 
StrfM  ilirigram 
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le  of  not  less  than  %  in  to  the  foot;  and  the  stress-diagram  should 
in^  by  line,  in  accordance  with  the  foregoing  directions  and  the 
ined  and  compared  with  those  given  in  the  figures. '  A  variation  of 
lb  for  small  stresses  and  less  than  i%  for  large  stresses  may  be  ex- 
a  greater  variation  indicates  either  that  sufficient  care  has  not  been 
drawing  the  stress-lines  exactly  parallel  to  the  corresponding  lines 
diagram,  or  that  an  error  has  been  made  in  drawing  the  truss-dia- 
scaling  the  lines  of  the  stress-diagram.  After  these  two  examples 
orked,  a  number  of  the  following  examples,  also,  should  be  solved, 
idples  are  fully  understood. 

r  Museum  of  Fine  Arts,  St.  Louis,  Mo.  Example  3.  Fig.  13 
le  truss-diagram  of  the  truss  shown  in  Fig.  11,  Chapter  XXVI, 


-4-64200 
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13.    Truss-diagrani.    Museum  of  Fine  Arts,  St.  Louis,  Ma 
Fig.  13a.    Stress-diagram 


:ated  being  approximately  those  due  to  the  roof  and  suspended 
The  loads  being  symmetrically  disposed,  each  supporting  force  is 
alf  the  total  load,  or  41  040  lb.  The  counterbraces  CC^  shown 
CVI,  are  omitted  from  the  truss  because  they  have  no  stress  when 
niformly  loaded.  To  draw  the  stress-diagram  (Fig.  13a),  first 
:he  vertical  line  sa^  equal  to  41  040  lb,  equal  to  R\;  and  then  ab 

respectively  to  AB  and  BS  and  representing  the  stresses  acting 
joint  2,  the  line  ha  represents  the  stress  in  BA ;  ac^  equal  to  7  200 
7;  cd,  the  stress  in  CD;  and  db  the  stress  in  DB.  The  polygon 
s  the  forces  in  equilibrium  acting  at  joint  2,    At  joint  3  there  are 

forces;  and  as  three  unknown  forces  out  of  five  in  one  polygon 
mined,  joint  4,  where  dc  and  the  load  CF  are  known,  is  considered 
in^  off  the  load  cf,  equal  to  12  240  lb,  the  stresses  in  FE  and  ED 
determined.  These  are  found  by  drawing /«  parallel  to  FE,  and 
]D,  the  two  lines  intersecting  at  e.  At  joint  3,  sb,  bd,  de  and  the 
lown,  and  eg  and  gq  are  drawn  to  close  the  polygon  sbdegs.    At 
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joint  lo  the  force  pg,  equal  to  ii  ooo  lb,  and  Qt  are  known;  tad  tr*  and  c'f  M 
draira  to  close  [be  polygon.  At  joinl  ;,  I'g,  ge  uid  (/  are  known  ud  iAtaik 
ue  dnimi  la  close  the  polygon.  Since  there  is  no  load  at  joint  5.  /  and  i  (allt 
the  same  point  ia  the  strns-diagram.  The  stresses  in  pounds,  in  the  varioi 
members  of  the  Iniss,  are  given  ia  Dumbera  on  the  correspoadinc  liaes  m  tl 
■tresvdiagiam  (Fig.  13a). 


above  and  a  ceitlng  Txtoo.  To  draw  the  stress-diagiam,  Gnt  draw  lo  » 
the  supporting  force  qj,  equal  (046  630  lb.  Then  Uy  oOji  equal  lo  la  jmI 
ti  equal  to  10  jio  lb.  etc.  Then  draw  the  lines  ya  and  114.  and  the  three  ion 
at  the  left  tuiqxMt  are  known.  At  joint  «,  ft  and  ja  are  known  aod  at  tai< 
are  drawn  to  dose  the  polygon.  At  joint  1,  ba,  aj  aj^djk  are  known  ai^ 
and  cb  an  drawn  to  close  the  polygon.  M  joint  1,  tp.  fb  tad  be  are  kaoi 
and  fd  and  itf  are  drawn  to  close  the  polygon.  At  joint  3,  di.  ckand  Uarekso* 
and  fa  and  id  are  drawn.    At  joint  4  rtu,  «J  and  dc  are  known  and  (faadjnt 
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Me  the  polygon.  At  joint  5,  /e,  el  and  hn  are  known  and  mg  and  gf 
Joint  7  is  considered  next,  for  at  joint  6  there  are  three  unknown 
d  by  the  graphic  method  three  out  of  five  forces,  meeting  in  a  point 
jbrium,  must  be  known  in  wder  to  determine  the  other  two.  At 
md  mmf  are  known  and  mg"  and  g'g  are  drawn  to  ck>ae  the  polygon, 
tes  the  determination  ot  the  stresses  in  all  the  pieces  for  one-half 
and  of  course  the  stresses  for  each  half  are  the  same  as  the  loading 
al. 

nd  Howe  Truss.    Ssample  5.    For  the  next  example  a  Hows 
isidered,  whose  center  lines  give  the  diagram  shown  in  Fig.  15. 


U200 


Depth -SU 
Fig.  15.    Howe  Truss.    Truas-diagiam 


ised  for  a  span  of  64  ft,  and  it  supports,  in  addition  to  a  flat  roof, 
ig  below  the  bottom  chord  and  a  gallery  on  each  side.  The  loads 
It  joints  are  about  as  indicated  in  Fig.  15.    To  draw  the  stress- 

15a),  first  construct  the  force-polygon  by  laying  off  to  scale  in 
eternal  forces,  commendng  with  the  left  reaction  34  200  lb.  Next, 
t  joint  o,  the  supporting  force  is  is  known»  the  stress  in  the  rafter 

stress  in  the  tie  Ps,  dosing  the  polygon.    At  joint  i,  pa  and  ob 


^'  ..-^j^ 


Fig.  15a.    Howe  Thus.    Stress-diagnun 

^  and  np  are  drawn,  closing  the  polygon.  At  joint  2,  gs,  sp  and 
id  ntn  and  mg  are  drawn.  At  joint  3,  mn,  nb  and  be  are  known 
re  drawn.  The  stresses  at  the  remaining  joints  are  found  in  the 
3SC  at  3  and  4.  The  stresses  in  pounds  in  the  various  members 
noted  in  figures  in  the  stress-diagram  (Fig.  15a). 

Load#d  «t  AltsnMts  Jstett.    XnapU  6.    (Fig.  16.)    This 
>WE  TRUSS  is  selected  to  show  how  to  proceed  when  there  is  ao 
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load  at  one  or  more  of  the  joints.  Fig.  16  represents  the  center  lines  of  a  tna 
50  ft  in  span  and  only  5  ft  in  height.  In  order  to  give  the  braces  an  indinatioi 
approximating  45°,  the  truss  is  divided  into  ten  panels;  but  purlins  are  place 
over  every  other  joint,  as  in  Fig.  16,  Chapter  XXVI.  The  loads  from  thca 
purlins  are  about  5  000  lb.  The  stresses  at  joint  x  are  found  in  the  same  maniM 
as  in  the  previous  example,  always  starting  with  the  supporting  force.  A 
joint  2  the  stress-line  da  is  already  drawn;  and  as  there  is  no  load  at  this  joint 
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Fig.  16.    Howe  Truss.    Truss-diagram 


a  line  is  drawn  from  a  parallel  to  i4£  (A  covers  the  entire  space  from  joint 
to  joint  4),  and  a  line  from  d  parallel  to  ED,  the  two  lines  intersecting  at «. 
The  force-lines  and  stress-lines  are  as  follows: 

At  joint  3:  odf  dCf  ef  and/o; 

At  joint  4:  fe,  ea,  ab,  bg  and  gf; 

At  joint  5:  of,  fg,  gh  and  ho; 

At  joint  6:  hg,  gb,  bi  and  ih; 

At  joint  7'  oh,  hi,  ij  and  jV; 

At  joint  8:  ji,  ib,  be  and  ck; 
the  latter  line  extending  to  the  point  of  beginning,  j,  showing  that  there  is  0 
stress  in  kj.    At  joint  9  the  only  stresses  are  oj  and  h,  for  as  there  is  no  stits 

«         +100QO 


Fig.  16a.    Howe  Truss.    Stress-diagram 

in  JK,  for  equilibrium  there  can  be  none  in  KL.  There  is,  also,  no  stress  in  t 
middle  rod.  Although  these  members  have  no  stress,  it  is  advisable  to  insil 
them  in  the  truss  in  order  to  stiffen  the  top  and  bottom  chords.  They  Wi 
be  made  very  Ught,  say  \^  in  in  diameter  for  the  r^ds  aod  3  by  6  in  ia  crq( 
section  for  the  braces. 
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rasf  with  Sltntins  Top  Chord.  Biample  7-  In  order  to  give  a 
roof  it  is  often  desirable  to  incline  the  top  chord  of  a  Howe  truss 
\  Chapter  XXVI.  Fig.  17  shows  the  truss-diagram  for  such  a  truss, 
A  the  stressKliagram.  The  latter  is  drawn  in  the  same  way  as  the 
im  in  Example  5,  but  because  the  top  chord  is  not  level,  the  stress- 
lot  symmetrical.  When  the  stress-diagram  is  not  synunetrical  it  is 
complete  the  entire  diagram,  so  as  to  show  the  stress  in  every  mem- 
ass.  .  The  stress-lines  for  joint  9  are  om,  mn,  nr  and  ro.    This  leaves 


iOM 


4000 


4000 


Rg- 10000 


.  17.    Howe  Truss  with  Slanting  Top  Chord.    Truss-diagram 


i.     Howe  Truss  with  Slanting  Top  Chord.    Stress-diagram 

0  complete  the  diagram;  and  if  the  diagram  has  been  correctly 
nin^  r  and  /  will  be  exactly  parallel  to  RP.    There  is  no  stress 


[ndined  Ties.  Bzample  8.  (Fig.  18.)  This  truss  has  the 
as  the  truss  shown  in  Fig.  14,  but  the  diagonals  incline  in  the 
D  and  are  in  tension,  while  the  verticals,  except  the  middle  one, 
>ression.  This  form  of  truss  is  sometimes  used  in  wooden  con- 
d  the  long  middle  braces  shown  in  Fig.  14.    Long  ties  are,  as  a 
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lule.  nujrE  etonDmial  \haa  Jong  stnlU.  The  coostnictkin  ct  ti 
requires  no  iidilitioiuU  expUnaCiou  after  Uut  given  for  the  ntrr-a  rtiignin 
Fig'  14a.  The  studenl  should  ooatpan  the  Dugnitude  of  the  stnnei  sai 
And  marked  ia  fig,  ISa  with  those  in  Fig.  14a,  and  Dote  the  eSect  of  the  dua 
ID  the  direction  of  the  braces.  The  truss  reprascnted  by  Fig.  14  requinit  i.  n 
much  tacger  rod  in  the  middle  than  is  required  for  KL  and  K'L'  in  the  tiusi 
Fig,  18.     The  middle  rod  for  tlie  tiuss  shown  in  Fig.  18  may  be  made  very  ligi 


Pnlt  Trim.  InclIiKd  Ties.    Tnisi^iagiam 


This  truss,  however,  requires,  (oi  good  construction,  spedal  c»st- 
(or  the  rods. 

Siiaple  r«n  TruM.  Bnavl*  g-  (Fig.  19.)  This  Gsunsbmn  the  skda 
of  a  simple  »an  irlss  with  rafters  iiidineil  30°  and  divided  into  three  eg 
panels,  making  the  loads  AB,  BC.  CC,  etc.,  equiL  The  strcss-dia^M 
drawn  according  to  the  principle  already  ex[Jained  and  requires  no  v^ 
treatment.  As  the  loads  are  equal  the  stresses  in  this  truss  may  be  tat 
figured  by  means  of  Table  X,  aod  the  student  should  compare  the  itrescii 
determined  with  those  obtained  by  "^l'"g  the  stress-diagnta- 
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d  Fink  TniBS.  BJUmgU  x«.  (Fig.  20.)  The  inclination  of  the 
°  and  the  distance  between  the  trusses  20  ft.  The  loads  are  cal- 
a  slate  roof  on  boards  or  on  aogle-kon  purlins.  Commenoe  the 
tn  by  drawing  a  vertical  line  equal  to  the  supporting  force  Xt,  or 
d  lettering  the  lower  end  of  the  line  0  and  the  upper  end  a,  as  these 

2(M 
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Fig.  19.    Fan  Truss.    Truss-diagram 


on  each  side  of  the  supporting  force  at  joint  o.  «n  and  no  are 
to  Aff  and  NO.  For  joint  i,  na  is  drawn  upward;  ab  is  laid  off 
( lb  and  bm  and  mn  are  drawn  paraflel  to  BM  and  MN.  At  joint  2 
;  known,  and  ml  is  drawn  parallel  to  ML,  the  sides  of  the  stress- 
on,  nm,  ml  and  lo.  At  joint  3  a  new  condition  is  met,  which  is 
ay  of  the  preced- 

and  which  is 
is  form  of  truss, 
irently  unknown 
a   study  of  the 

however,    it    is 

aad  IK  act  as 
-RODS,  tidung  up 
1  th«  lower  ends 
t  joints  2  and  5; 
s  at  joints  I  and 
NM  and  /Hare 
h,   the  stress  in 

as  th«  stress  in 
already  known. 
iie  number  of 
.  at  joint  3  to 
force  known  at 
the  next  mb  and 
al  to  x6  100  lb. 
s  drawn  parallel  to  CI  and  from  /,  the  initial  point,  a  line 

Between  these  two  lines  there  must  be  a  line,  ik,  parallel  to 
i  lengrth  to  ml;  and  this  line  is  determined  by  means  of  the 
acaliel  ruler  and  straight-edge.  If  correctly  drawn,  the  joint  i 
ith  fSMs.  The  aides  of  the  stress«polygon  for  joint  3  are,  then» 
and  kl. 


Fig.  19a.    Fan  Tnm 
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At  joint  4  the  stress-lines  are  0/,  Ik,  kg  and  go. 

At  joint  5  the  stress-lines  are  gk,  ki,  ih  and  kg. 

At  joint  6  the  stress-lines  are  ki,  ic,  cd  and  dk. 
If  the  stress-diagram  is  accurately  drawn,  a  line  from  d  parallel  to  the  nj 
will  pass  through  the  point  k.    The  vertical  tie  GG  (Fig.  20)  has  no  st] 
and  its  only  purpose  is  to  prevent  the  horizontal  tie  from  sagging. 


RfMSN 


Fig.  20.    Cambered  Fink  Truss.    Tniss-dlagnun 
r 


Fig.  20a.    Camhered  Fink  Truss. 


Cambered  Fink  Truss.  Bxample  xx.  (Fig.  21.)  This  is  the  truss  4 
in  Fig.  20,  with  two  additional  loads.  Steel  trusses  of  this  shape  are  I 
required  to  support  loads  from  below.  In  Fig.  21  there  are  two  loads  of  4 
each,  supported  at  joints  5  and  9,  in  addition  to  the  ix>of-k>ads.  Tbe  st 
diagram  is  drawn  in  exactly  the  same  way  as  in  Fig.  20a,  except  that  at  !■ 
the  6rst-known  force  ro,  parallel  to  ROy  4  tons,  is  laid  off,  locating  r.  AC 
joint,  then,  ro,  ol  and  Ik  are  known  and  kg  and  gr  are  drawn  to  dose  the  pd^ 
It  should  be  noticed  that  the  stresses  in  NM,  IH,  ML,  KI  and  LM 
not  affected  by  the  ceiling-load.  This  is  evident  by  comparing  Fig.  21a 
Fig.  20a.  All  of  the  other  stresses,  however,  are  increased  becsMi 
the  increase  in  the  supporting  forces,  the  greatest  increase  being  in  KG  sad 
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Fig.  21.    Cambered  Fink  Truss.    Truss-diagram 


Fig.  21a.    Cambered  Fink  Truss.    Stress-diagram 


Ri-9«00 
ITS  Truaa.    Tniss-diagFam 


Fig.  22a,    Sdsson  Truss.    Stiesfr 
uiaKTsun 


Streeseij  in  Roof-TmsBCS 


Ch^. 


Smple  Sdalon  Tniis.  Enrnpli  la.  (Fig.  23.)  This  is  the  tni 
diagram  of  the  truss  shown  in  Fig,  22,  Chapter  XXVI,  which  is  Ihe  simplest  fu 
of  the  scissois  Tsuss.  The  truis-diagram  is  drami  by  c«iimendng  with  I 
line  oa  equal  to  the  supporting  force,  9  600  lb,  »nd  then  in  order  the  forces  , 
W,  b'a',  a'r  and  to,  formdnf  the  polygon  of  the  eiteroal  forces.  At  joint  i, 
is  known  and  ad  and  do  are  dmwn,  closing  the  poly^n.  At  joint  z,  da  and 
are  Icdowd  aod  te  and  cd  are  drawn,  doainf  the  polygon.  At  joint  j,  tb  and 
are  tnown  and  h'e'  and  ('e  are  drawn.  This  determines  the  stresses  in  oDc-b 
the  truss.  Those  for  the  other  half  are,  of  course,  of  the  same  macnitude  ■ 
character,  but  the  stiess-diagram  should  be  continued  for  the  second  half  of  1 
truss  Bi  a  check. 


Fig.  23.    Sdssora  Trui 


Fig,  23a.    Scissan  TiuM.    Sui 


he  line  ta  equal  to  the  supponinc  Ig 
14  600  lb).    The  sides  of  the  suess-poiygois  for  the  difieieDt  jgi 


At  joint  I 

«B,  at  and  IB; 

At  joint  1 

eo.  J*,  */and/<; 

At  joint  3 

«,(/,/*  and  Ao; 

At  joint  4 

kf.P'.hkt.nAkh; 

At  Joint  5 

TB  (1  100  lb),  B*,  *i,  jU  and  U 

At  joint  6 

ik.U>.hc{.lAV>^\cmwAm 

At  joint  7 

w.  cd  (s  4=0  'b),  c'fB'  and  m' 

The  itudeni  should  notice  how  much  the  stresses  in  the  prindpat  mesoboi 
this  truss  exceed  the  <.upporting  forct<i  or  loads,  and  particularly  the  great  A 
intbeniddicrad.  For  Ibese  reasons  tlds  is  not  an  ecoaomital  typeoftrari 
4MIU  exceeding  jC  ft. 
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Enmila  14.  Fig.  24  is  the  truss-diiciam  of  tbe  tniu 
c  ioj6,»nii  for  which  (he  roof  and  ceiling-loads  are  computed 
10J5.  The  truss  shun-n  in  Fig.  i  is  buiJt  of  plonks  spiked 
,  tut  the  ilteiscs  are  fdund  in  pretiiely  the  same  way  i(  the 
ivy  timbers  ajid  supports  a  greater  Toof-area.  Jt  should  be 
ly  the  shape  of  the  truss  and  the  loads,  including  their  point 
:t  Ibe  sirHU-diagram.  The  stteises  at  joints  i  and  1  are 
aencing  «ith  su,  equal  to  Ri.  At  ea<^h  of  joints  3  and  4, 
three  unknown  forces.  We  cannot  obtain  the  stresses  at 
cting  at  joint  i  have  been  detenmined.  The  known  forces 
,  equal  to  4iO  lb,  and  the  stresses  acting  in  OB  and  EF;  and 
those  acting  in  FH.  HK  and  KM.  HK  and  KR  are  in  ten- 
M  joint  3  from  falling  down  and  outwarda.  Either  one. 
!  omitted,  and  the  greater  the  stress  is  in  one  the  less  it  is  in 
'  way  to  complete  tbe  stress-polygon  for  joint  j  is  to  fti  the 


StreH-diaerana 

le  unknown  sticsses  arhilrarily.  The  most  satisfactory 
t«  make  the  ukm  in  HK  equal  to  that  in  KR.  This  is 
best  known  forte  at  joint  3  is  the  load  represented  by  ri>, 
ined  by  measurinE  upwards  from  o,  430  lb;  neil.  the  hnea 
Frmn  /  a  line  is  drawn  parallel  to  FB  and  from  r,  a  line 
«  two  lines  must  be  connected  by  a  thiiti  line  parallel  to 
i  be  diBwn  so  that  its  length  is  equal  to  kr,  which  can  be 
iifder«.  Lettering  the  ends  of  this  line  *  and  i  the  sides 
i-polygon  for  joint  3  are  re,  te,  ef,Jk,  kk  and  *r.  Knowing 
are  but  two  unknown  forces  at  joint  4,  and  thc^  are  readily 
he  atress-polygon  for  joint  5  arefc,  cc",  c't'  and  ft.  Com- 
ram  with  that  of  Fig.  23a.  it  is  seen  that  the  stress  in  the 
s  in  proportion  to  the  loads  for  the  truss  shown  in  Fig.  24 
1  in  Fi«.  23,  this  reduction  being  due  to  the  horizontal  lie 
s  built  of  planks,  qiiked  or  bolted  together,  the  form  of 
is  preferabte  to  that  shown  in  Fig.  23. 
txamila  ij.  Fig.  25  is  (he  truss-diagram  of  tbe  scissoaa 
!7  of  ClapteT  XXVI.    The  Une  £F  in  Fig.  25  does  not 
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Chap. 


-^l^    <^  Fig.  25a.    Sdsaors  Truss.    StreM-diagram 


ion  of  StRwa  in  Roof-Tnisses  by  Gnphic  MeOiods    10S6 

itb  Ihi  coutr  lioe  of  the  strut  in  Fie.  27,  became  the  inner  end  ol 
ircfiped  lightly  on  >oaNmt  of  the  detwl  of  Che  jtanti  but  in  tiust- 
liaea  mutt  go  Cram  joint  to  joint,  othennie  the  lata^iignm  cut 
,  Tbera  tie  DO  Mtoks  in  the  nuddk  disconals  under  a  lyinnietricBl 
bescc  they  an  shown  by  dotted  lines  m  Fie-  36.  As  no  oom^ka- 
diBwinc  llie  gtms-diiisiun  o(  this  truia,  a  detailed  deacription  is 
The  sidu  of  the  streu-polygoni  lor  the  diffemt  joints  sic  U 

For  joint  i:  oa,  oJ,  da; 

Fot  joint  i:  re,  ad,  de.  tr; 

For  joint  3:  td.  da,  ab.  */,/<; 

For  joint  4:  fb,  be,  ck,  hf; 

For  JQUiI  5 :  sr,  re,  tf.  fli,  hi. 
idde,  Eho«in£  that  the  compression  in  CB  is  equal  to  the  tensioQ 
plus  and  minus  signs  in  Fig.  26,  IS  in  >11  the  other  dissTUn^ 
asioQ  and  temioo  respectively. 


•  t<.  Hg.  26  shows  a  truss  which  is 
:a-BBAM  TKUsa,  yet  this  lonn  can  be  made 
M  TRUSS  by  inserting  a  curved  brace  below 
ladng  the  pieces  OJl  and  OH'  by  curved  memlwra.  There  is  oa 
■ring  the  stress-diagmn  shown  in  Fig.  20a. 
ita]  Thruit  of  Sdssori  TroHe*.  In  the  examples  just  given 
naeil  that  the  reactions  are  vertical  and  consequently  that  there 
.t  raBL'ST.  This  would  be  true  if  the  materials  ramposing  the 
lolutely  rifrid.  This  is  not  the  case,  however,  and  all  trusses 
KCDinrtrical  lines  of  their  shape  change  in  shape  after  the  full 
In  the  SCISSORS  nrss  this  changes  the  leneth  ol  the  span, 
r  and  permitting  the  rafters  to  sag.  If  the  tmsses  are  con- 
amber  in  the  rafters  and  the  span  made  a  lillle  short,  the  TBRl'ST 
lorts  can  be  practically  eliminated  by  fattening  one  end  of  the 
irg  for  a.  movenient  at  the  other,  so  that  when  the  full  roof  and 
B  been  placed  on  the  truss  the  span  will  have  its  correct  length. 
is  we  must  know  how  >tuc8  the  ssk^  will  chako*  ik  length 
d .      This  can  be  determined  in  the  manner  shown  in  the  follow- 
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ing  example  and  by  referriag  to  Fig.  26b.  Let  Diagram  i  represent  a  ma4 
eassoas  truss  loaded  as  shown  with  i  ooo  pounds  at  each  top<hoid  joq 
and  let  the  left  end  be  aaramed  to  rest  upon  roUen.  Then  both  reactions* 
be  verticai  and  the  stresses  in  eadi  member  can  be  found  from  the  usual  sCra 
diagram  shown  in  Diagram  a.  Let  5  be  the  stress  in  any  member  as  foti 
from  Diagram  a;  «,  the  stress  in  any  member  produced  by  one  pound  adi 
boriamtally  at  K  and  from  X  as  found  from  Diagram  3:  A,  the  area  of « 


vm 


o 


Fig.  2Qb.    Simple  Scissors  Trxiss  and  Stress-diagranu 

member,  in  square  inches;  /,  the  length  of  any  member,  in  indies;  £•  Yo^ 
modulus  of  elasticity  of  the  material  composing  any  member  and  D,  the  td 
CHANGE  IN  LENGTH  ov  SPAN  when  the  truss  is  subjected  to  its  full  load.    H 

If  F  15  the  aouxONTAL  fobce  applied  at  K,  wiiich  is  neoessazy  to 
value  of  X>  *  o 


*  Theory  and  Practice  of  M«dem  Framed  Stractores,  Jofaaaoo.  Bryan  and 
QohaWilqyftSoM):  RmU  and  BridaB».Metnnuui  and  Jaoohr  (John  WBey* 
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I  calculations  for  Fig.  2te  are  given  in  Table  XVII,  ajMiiming  that 
>  excepting  PGy  aie  composed  of  6  by  6-in  white  pine  timbers  with 
no  lb  per  sq  in,  and  that  FG  is  an  upaet  round  steel  rod  having 
785  aq  in  with  E  equal  to  30  000  000  *  lb  per  sq  in  for  steel. 


VL    Comptttations  for  D  and  H  fct  9.  Parttcnlar  Scissors  Truss 

(2) 

(3) 

(4) 

(5) 

(6) 

(7) 

(8) 

A 

S+A 

M. 

I 

Sul 

uH 

Dia- 
gram a 

• 

Diagram3 

AE 

AE 

+3160 

36 

87.8 

+0.71 

84.8 

0.0QS28 

0.000001x8 

-1-2100 

36 

58.3 

+0.7t 

84.8 

0.003SI 

0.000001x8 

-f-2100 

36 

SS.3 

+0.71 

848 

0.00351 

0.00000x18 

+3160 

36 

87.8 

+0.71 

84.8 

0.00538 

0.00000XX8 

-2360 

36 

65.5 

-1.S8 

126.5 

0.01316 

0.00000875 

—  2360 

36 

65.5 

—1.58 

126.5 

0.01316 

0.CO000875 

-|-«a> 

36 

22.2 

0 

63.2 

0.0 

0.0 

-X9to 

0.785 

3522.0 

—1. 00 

80.0 

0.00672 

0.00000340 

+  800 

36 

22.3 

0 

63.3 

0.0 

0.0 

0.05062 

0.00002563 

in  and  H  «  0.05063  +  0.00002562  »  1975,  or,  approximately, 
a  shoiws  that  the  span  would  lengthen  about  %o  in,  if  allowed  free 
one  end;  or,  if  fixed,  there  would  be  a  houzontal  yorce  of 
ng  to  pmh  the  supports  out.  In  column  4  it  is  seen  that  the 
iiaxe  inch  are  mly  about  one-tenth  of  those  permissible.  Assum- 
ads  become  10  000  lb  at  each  apez-j<Mnt,  the  horizontal  deflbc- 
about  %  in,  and  the  hokixontal  ibrust  becomes  20000  lb. 
idusively  that  a  large  excess  of  material  must  be  emplojred  in  the 
\,  particularly  in  the  members  eh  and  hm  which  contribute  over 
due  of  Z>  as  shown  in  column  7,  if  the  horizontal  deflection  is 
small  that  its  effect  may  be  neglected.  As  stated  before,  if  the 
ted  to  deflect  horizontally  ttntil  fully  loaded,  the  walls  or  supports 
bly  no  houzontal  thxust  to  resbt. 

i«r-B«ft]ii  Trust.  As  usually  constructed  the  hahmertBeam 
ted  to  exert  more  or  less  horizontal  pressure  at  the  s\q>ports; 
vided  for  by  heavy  walls  /md  buttresses.  The  diagram  of  such 
n  in  Fig.  27,  in  which  the  curved  braces  usually  built  in  the 
the  truss  are  not  shown,  as  they  are  considered  to  be  pure^'  omar 

vertical  loading  have  no  stresses.  The  brace  OM  is  drawn  as 
straight;  but  a  curved  brace  may  be  used  instead,  without  alter- 
I.  The  stress  in  the  curved  piece  is  that  found  from  the  stress* 
sed  by  the  bending  stress  due  to  its  curvature.  To  determine 
aembers  of  this  truss  it  is  necessary  to  first  find  the  horizontal 
tmas  against  the  wall.    To  do  thh  all  the  truss-memben  from 

4  are  considered  to  form  a  framed  brace,  or  assemblage  of 
ag  the  upper  portion  of  the  truss  at  joint  4,  or  a  single  brace, 
xikeii  line  04,  Fig.  27,  is  assumed  to  have  the  same  effect  on  the 
pieces  put  together  in  the  framed  strut;   that  is,  the  truss  is 

lb  per  sq  in  ii  used  for  the  value  of  £  for  sted  the  values  of  D  and 
chaased.    See  Table  I.  page  664. 
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omudeieil  to  have  tfae  >ame  bouiontal  ihkusi  as  the  tnus  shown  in  fig.  3) 

The  lovl  at  ioint  4  is  evidently:   13  000  lb,  phis  the  toad  at  jgint  s,  ptu>  la 

tbc  load  at  joint  6,  plus  half  the  load  at  joint  1;  making  in  all.  36  000  lb.    1 

find     the   hokim 

stresses  the  pro 
dute  is  as  folloi 
ab  (Fig.  27b)  is  h 
off  equal  to  the  la 
at  jotnt  1,  U  equal 
the  load  at  joint 
cd  equal  to  the  ta 
at  joint  5,  and  i 
equal  to  liie  load 
joint  6.  Then  i 
load  at  jrant  4  (f^ 
27a)  -  H  a*  +  fc 

hoiuontal     fine 

•*  dmwn  tiom  x  to  t 

left,   and   Irom   t 


two  line*  will  Intenect  at  n,  and  nx  is  the  XACxmniE  or 

TRRDST  exerted  on  the  wall  at  the  joint  □.      Having  abtained  this  thmtt, 

b  easy  to  detenninc  Che  stresses  in  the  i^eces.    At  joint  o  the  four  lorca 


equilibrium  aie  (he  resistance  to  the  (hnist.  mc,  the  vertical  nimioniiig  fa 
MX  and  the  stresses  0*  and  sm.  closing  the  polygon.  At  joint  i,  oa.  a/and/a  I 
thestnna  in  0,4,  ,4^  and  FO.  At  joini  3  the  stresses  are  mm,  ^,/f  asdl 
at  joint  I  they  ate /a,  ai,  bt  and  tf;  at  joint  4  the  stresses  an  Hg,  gfr,  it  and. 
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olygon.  It  will  be  noticed  that  the  polygon  closes  without  allow- 
to  be  drawn  parallel  to  IM;  hence  there  is  no  stress  in  IM,  with 
ing.  When  there  are  wixni-loads  there  is  some  compression  in  IM, 
iber  is  a  necessary  part  of  the  truss.  At  joint  s  there  are  the  stresses 
ki,  and  at  joint  6.  kd,  dd\d'k'  and  k'kt  which  complete  the  stresses  for 
niss,  whidi  are  all  that  are  needed.    Comparing,  now,  the  diagram 


R  « 10  ton< 


Sjpan-^0" 
Fig.  28.    Suspended  Pratt  Truss.    Truss-diagram 


I.  27b,  with  Fig.  26a,  it  is  seen  that,  in  general,  the  iCAGi>nTUDES 
lES  in  the  truss,  Fig.  27,  are  much  less  than  those  of  the  stresses 
ig.  26;  while,  on  the  other  hand,  the  latter  truss  may  be  so  con- 
t  to  exert  the  outward  thkctst  on  the  walls,  exerted  by  the  truss 
27.  If  curved  members  are  introduced  between  joints  3  and 
1 2,  they  should  be  lightly  secured  at  the  ends  or  the  stresses  deter- 
>  manner 
e  scissors  ^  ^^ 


cHT^ 


Bd   Pratt 
nple    17* 

be     the 
of  a  sus- 

T      TRUSS, 

ed  at  top 
ith  2  tons 
t.  The 
is  drawn 
same  way 

E     TRUSS, 

diagonals 
site  direc- 


Fig.  28a.    Suspended  Pratt  Truss.    Stress-diagram 


sses  should  be  drawn  for  the  joints  in  the  order  in  which  they 
In  this  truss  the  verticals  are  in  compression  and  the  diagonals 


18.    Fig.  29  is  the  truss-diagram  of  a  light  iron 

of  32-ft  span,  intended  to  support  a  tar-and-gravel  roof,  the 

right-angles  to  the  line  of  the  trusses.    The  stress-diagram  is 

previous  examples,  taking  the  joints  in  the  order  in  which  they 


Ten  Trtus,  or  Lattice  Truss.    Example  19.    The  truss-dia« 
Fig;.  30  is  best  analyzed  by  considering  it  as  built  up  of  two 
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Bl-  9100 


8p«D*32V' 


Fig.  29.    Warren  Tnw.    Tnias-diagnm 


*1M09 


Fig.  29a.    Warren  Truss.    Stresa-^liagnun 


i^    -4.0      2     -laO    4     -ILO    «    -ItO    8 

Bi- 8.0*  4.0 '7.0 

Fig.  30.    Doable  Wantn  Truss.    Trass-diagimm 


Span-40'0" 


R,  -S.0-»  4j»«1 
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A 
«9L0 

' 

B 
«7.0 

B' 
♦  7.0 

<  1 

A' 

V/i 

m 

.0 

\/ 

A 

^      G 

-8.0 

Kf 

A 

E' 
-6wO 

X"^ 

Ri«  8.0 

{ 

0 

Fig.  31.    Wantn 'Tniat.    Ttiwa  ditgnii 


ion  of  Straaes  in  Roof-Trusses  by  Graphic  Methods    1001 


7SSES,  laid  one  over  the  other,  the  full  lines  indicating  a  truss  such 
n  Fig.  31,  aod  the  dotted  lines  a  truss  as  shown  in  Fig.  32.  Three 
loads  wouJd  come  on  the  first  truss  and  four  on  the  second.  The 
found  for  each  tmss  sefMirately 
nbioed  for  the  top  and  bottom 
IS  the  stress  in  the  top  chord 
Fig.  dO,  would  be  that  in  AD, 
tons;  from  3  to  5  it  would  be 
stress  in  AD,  fig.  31,  phis  that 
32,  or  9  tons;  from  5  to  7  it 
lal  to  the  stress  m  BP,  Fig.  31, 
ss  in  BE,  Fig.  32,  or  13  tons, 
he  stress  in  the  bott<Hn  chord 
n  the  same  way.  The  diagonal 
ies  act  independently  of  each 
e  stresses  are  those  indicated  on  the  stress-diagrams.  The  plus 
sompiesaoQ  and  the  mlntts  signs  tension.  In  Fig.  32  the  sides 
Mlygon  for  joint  7  are  /e,  «6,  be,  and  ge,  which  closes  without 
a  line  parallel  to  GF,  showing  that  there  is  no  stress  in  the  two 
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Stress- 


B 
♦  8.0 

' ' 

c 
*a,o 

' ' 

B' 

•»s.o 
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-4.0 

^ 
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Fig.  32.    Warten  Tnut.    Truss-diagram 


except  that  due  to  the  weight  of  the  bottom  chord.    This  truss 

racted  of  steel  angles.    When  wood  is  employed,  three  or  four 

»ES  are  combined  forming  the  lattice  t*uss  shown  in  Fig. 

It    is  entirely  unnecessary   to  use   graphical  methods  in 

determining  the  stresses,  as  the  chords 
and  web-members  are  respectively  uni- 
form in  size.  For  the  chords  the  maxi- 
mum bending  moment  divided  by  the 
distance,  center  to  center,  of  the  chords 
gives  the  designing-stress  for  the  chords. 
The  maidmum  vertical  shear,  usually  the 
reaction,  divided  by  the  number  of 
simple  Warren  trusses  combined  gives 
the  vertical  compcJnent  for  which  the 
w^planks  are  designed.  This,  of  course, 
leads  to  a  waste  of  material  as  far  as 
resisting  stresses  is  concerned,  but  for 
sti£fness  and  economy  in  labor,  the  extra 
used.  This  truss  can  be  extended  indefinitely  by  giving  it 
for  the  span.  (See,  also,  pages  100ft  and  1009.) 
r  Tross.  Bzampto  ao.  Fig.  33  is  the  truss-diagram  of  a  truss 
own  in  Fig.  69,  Chapter  XXVI,  the  panel-loads  being  taken  at 
the  analysis  being  the  same  for  any  other  bads.    The  stresft- 
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Fig.  33.    Quadzangular  Truss.    Tniss-diagrain 


Fig.  33a.    Quadrangular  Truss.    Stress-dSagiain 
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Fig.  34.    Quadrangular  Truss.    Truss-diagnun 


Fig.  3iA.    Quadrangular  Truss.    Stztss-diagxam 
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[rawn  exactly  as  in  the  previous  exami>le8,  commencing  with  the 
>rce  oa  and  conakiering  the  joints  in  the  order  in  which  th^  ate 
In  this  truss  the  diagonal  web-members  are  all  in  tension  and  the 
ompression.  It  will  be  noticed  that  the  inclination  of  the  diagonab 
aels  nearest  the  middle  of  the  truss  is  oi^X)site  to  that  of  the  diagonals 
lanels.  This  is  due  to  the  inclination  of  the  top  chord,  which  causes 
stresses  in  the  inner  diagonals  when  they  incline  the  other  way. 
LMt  however,  is  sosmall  that  a  single  steel  angle  resists  either  a  coai« 
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Ftg.  8S.    Quadiaogular  Trass.    Trnss-dlagrBm 


nie  stress.  The  truss  shown  in  Fig.  34  is  very  sfanilar  to  that  shown 
i  principal  difference  being  that  the  slope  of  the  top  chord  is  less 
than  in  the  latter.  In  Fig.  34,  the  diagonals  in  the  two  middle 
cUoe  from  the  top  of  the  middle  vertical,  and  the  stress  in  these 
sry  small.  With  a  still  less  inclination  to  the  top  chord,  the  stress 
\  zero;  and  with  a  horixontal  top  chord  the  character  of  the  stress 
sed.  To  keep  it  in  tension,  its  direction  should  be  changed,  as  in 
7SS,  Fig.  28.  Comparing  the  stresses  in  these  two  trusses,  it  is 
le  the  stresses  in  the 
less  in  Fig.  34a  than  in 
tresses  in  the  chords  at 
i  considerably  greater. 
9  leas  the  height  of  a 
rtion  to  the  span,  the 
tresses  in  the  chords, 
le  nuddie  of  the  truss. 
\mx  Tnitc  Ezample 
is  a  truss-diagram 
russ  shown  in  Fig.  66, 
[.  The  truss-diagram 
be  previous  examples, 

1     this    case,    as    the    ^W-  35a.     Quadzangular   Truas. 
has   diflFerent  inclina-  diagram 

ferent  panels,  the  stress-lines  do  not  lie  over  each  other,  but 
he  lines  in  the  stress-diagram  being  parallel  to  the  corresponding 
ss-dia^ram.  In  this  truss  the  character  of  the  stresses  in  the 
embers  is  reversed  in  the  two  paneb  nearest  the  middle.  Thus 
Btress>polygon  for  joint  4  are  Ik,  kb,  be,  cm  and  tnl,  the  stress  ml 
joint  and  hence  denoting  tension.  At  joint  8  the  sides  of  the 
re  rp,  pd,  de,  es  and  sr,  the  latter  line  acting  towards  the  joint, 
ting  compression.  Under  irregular  loading,  the  character  of 
would  pcobably  be  reversed,  so  that  the  piece  would  be  in  ten* 
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rion  instead  of  in  compression.  The  stresses  in  members  of  trusses  like  FigB.  \ 
84  and  35  should,  therefore,  always  be  computed  for  siow  on  one-half  of  I 
truss  only  and  also  for  wind-pressure. 

QnadrangiilAr  Ttoss.  Eauniile  aa.  In  Fig.  36  is  shown  the  diagram 
Ae  truss  illustrated  m  Fig.  65,  Chapter  XXVI.  This  truss  is  similar  to  tl 
shown  in  Fig.  34,  except  for  the  secondary  bradng  in  the  paneb  and  for  1 
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Fig.  36.    Qoadraocttlar  Tlniis.    TrotB-disgram 

curved  bottom  chord.  The  stress-diagram  presents  no  difficolties.  In  dra^ 
the  lines  from  o  parallel  to  the  members  of  the  bottom  choid  the  latter  shm 
be  considered  as  made  up  of  straight  lines  connecting  the  joints.  Thus  ms 
drawn  parallel  to  an  imaginary  straight  line  connecting  joints  8  and  4.  As  tlii 
is  no  load  over  the  center  of  the  two  panels  next  to  the  middle  of  the  truas^  tbi 
are  no  stresses  in  the  truss-members  between  X  and  /  and  /  and  //.    Wl 

the  bottom  cfaord  is  stxalg 
AS  in  Fig.  34,  there  b 
stress  in  YT';  but 
chord  is  curved,  a 
stress  develops,  in  VT',  t 
magnitude  of  this  stress  bd 
indicated  by  yy'  (F« 
When  the  diagram 
pleted  for  the  entire 
is  ^jonmetrical  about  a  hs 
sontal  line  drawn  thiom^ 

Bowstring  Trass.  Sbss) 
33.  The  span  of  this  tru9 
90  ft;  the  distance  bet«« 
trusses  from  centers^  so 
and  the  rise  of  tho 
rafter  or  upper  chord. 
The  form  <A  tniss 
in  Fig.  37  is  one  of  tbc  mil 
economical  for  very  great  spans.  In  trusses  similar  to  the  one  explained  in  lA 
example,  the  top  chord  is  curved  and  is  the  only  piece  that  is  in  compressl 
All  the  other  members  are  in  tension.  Under  a  steady  load  only,  swii  as  i 
weight  of  the  roof  itself,  the  diagonals  drawn  with  soUd  lines  and  placed' 
iiiown  in  Fig.  37  are  all  that  are  needed;  but  when  there  is  a  severe  wkid-fii 
sure  on  one  side  of  the  roof  only,  St  is  necessary  to  have  the  additioDal  set 
diagonals  shown  by  the  dotted  tines.    These  oootnxMBRACEs,   as  they  i 


Fig.  96a.    QuadraDgalar  Thtts.    Stnss^liagram 
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|flrd.  ionaiog  the  additional  set,  axe  not  ttieased  when  there  ie  a  vertical  load 
}y  utd  they  are  omitted  in  drawing  the  stfesa^iagram.  To  draw  the  stress- 
icxam,  the  loads  are  laid  off  on  a  vertical  line,  as  in  all  the  previous  examples, 
e  point  9  hcing  half-way  between  «  and  e'  (Fig.  37a).  4m  is  the  supporting 
Ice  at  joint  z.  In  diawing  the  stresses  at  the  different  joints,  those  at  joint  i 
t  first  dr»wn  and  then  those  at  joints  3,  $,  4,  5,  etc.,  in  the  order  in  which  they 
e  fiumbcied  (Fig.  37).    in  the  atiess  diagram,  oa,  equal  to  the  supporting 
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Fig.  37a.    Bpwstrmg  Truss.    Stress-diagram 


te  at  joint  X,  is  known  and  from  a  a  line  is  drawn  parallel  to  AG,  and  from 
i  laie  parallel  to  GO.  These  two  lines  intersect  at  g.  The  lines  repre- 
the  stresses  in  the  curved  members  of  the  truss  ai:e  drawn  D^rallel 
t  lines  .coooecting  the  two  ends  of  each  curved  piece.  Thus  ag  is 
paralkl  to  1-3  and  og  parallel  to  x-2.  At  joint  2,  og  is  known,  gh  is  drawn 
to  CB  and  ho  parallel  to  HO,  At  joint  3,  kg  and  ga  have  been  drawn, 
o^  is  known  and  H  and  ik  ace  drawn.  At  joint  4,  oh  and  ki  have  been 
i,  and  ik  and  ko  are  next  drawn  to  dose  the  polygon.  The  stress-lines  for 
%  ami  8  arc  drawn  in  a  similar  way,  and  those  for  5,  7  and  9  similarly  to 
U.  joiat  3.  After  dmwing  the  stiess-Knes  <or  joint  9,  joint  xo  is  next  con- 
and  after  the  stress-lines  for  that  joint  aie  determined  the  stresses  in 
iQcsiibcrs  of  Che  truas  tffe  known.  The  stresses  in  this  particular  eocample 
in  pounds  on  the  respective  iiaea  in  the  atresa-diagram.    It  will  be 
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noticed  that  the  stresses  are  very  great  in  the  top  and  bottom  chords,  but  « 
small  in  the  bracing.  The  latter  stresses  are,  in  fact,  so  small  that  it  is  jusi 
well  to  make  all  the  diagonal  braces  the  same  size  and  of  dimensions  suffid 
to  resist  the  stress  in  IHf  which  has  the  greatest  stress;  or  IH  and  KL  may 
made  the  same  size  and  MN  and  PR  a  smaller  size.  The  verticals  or  radiat 
pieces  may  all  have  a  sectional  area  sufficiently  large  to  safely  resist  the  st] 
in  NP.  The  great  advantage  of  this  truss  lies  in  the  fact  that  all  its  parts 
in  tension  excepting  the  upper  chord,  which,  of  course,  is  in  compression.  1 
manner  in  which  stresses  act  may  be  described  in  general  by  saying  that 
upper  chord  carries  all  the  load,  like  an  arch,  and  is  prevented  from  spr<tad 
out  at  the  ends  by  the  lower  tie;  and  that  the  object  of  the  bracing  and 
vertical  pieces  is  only  to  keep  the  bottom  chord  in  its  curved  position. 

Trostas  Unsynunetiically  Loaded.    Now  that  the  principles  have  b 
explained  acoordmg  to  whidi  the  stress-diagrams  may  be  drawn  for  aew 


FSg.  38.    Unsymmetrical  Truss.    Truss-diagram 


Fig.  3Sa.    UnsfnuBctd 
Truss. 


forms  of  trusses  symmetrically  loaded,  it  may  be  well  to  consider  the  sabji 
in  a  more  general  manner.  It  will  now  be  assumed  that  there  are  no  restricta 
as  to  SYMMETRY  in  the  form  of  the  truss  and  its  loading;  and,  furthcrmot^ 
will  not  be  assumed  that  all  of  the  loads  act  as  vertical  forces  as  in  the  probli 
just  solved.  Fig.  38  shows  an  unsymmetrical  truss  UNSYMMETUcai 
loaded  and  with  bads  or  forces  which  are  not  parallel.  In  the  previous  probis 
the  supporting  forces  or  reactions  have  been  equal  and  each  equal  to  one-l 
the  bad.  In  this  problem  such  is  not  the  case.  The  first  step,  then,  b  the 
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r  THE  REACTIONS.  If  the  truss  remains  in  position  it  follows  that 
i  acting  upon  the  truss,  such  as  the  loads  and  reactions,  must  be 
uh;  also  since  by  definition  a  truss  must  act  as  a  beam,  the  truss 
aced  by  a  beam  in  considering  the  ouTsn>E  forces.  In  Fig.  38, 
lines  representing  the  direction  of  the  forces,  as  shown,  until  they 
ST  and  assume  5  r  to  be  a  simple  beam  loaded  with  the  forces  A  B, 
eginning  with  AB^  to  some  convenient  scale  lay  off  the  forces  in 
m  in  Fig.  38a.  The  broken  line  VU  represents  the  forces  in  magni- 
rection.  For  equilibrium,  forces  equivalent  to  UV  are  required, 
nt  when  we  remember  that  the  algebraic  sum  of  the  vertical  and 
»mponents  of  all  the  forces  acting  must  respectively  equal  zero, 
it  the  supports  at  S  and  T,  Fig.  38  are  similar  in  every  respect  we 
that  the  reactions  Ri  and  Ri  act  in  the  same  direction  and  that  they 
>  U  V.  This  does  not  determine  the  magnitudes  of  Ri  and  Rt.  These 
I  as  follows:  In  Fig.  38A,  assume  any  point  W  and  draw  the  lines  i. 
Fig.  38,  starting  at  any  point  on  Ri  draw  the  line  i  parallel  to  the 
38a,  and  extend  it  until  it  cuts  the  direction  or  line  of  action  of  the 
lown ;  from  this  point  draw  a  line  parallel  to  2  in  Fig.  38a,  and  extend 
the  direction  of  BC  as  shown,  and  so  oAtinue  until  line  6  is  dxaw% 


Fig.  38b.    Unsymmetrical  Truss.    Truss-diagram 

>raw  line  7  in  Fig.  38  and  then  in  Fig.  38a  draw  a  line  parallel  to 
itil  it  cuts  UV.  This  point  divides  UV  into  two  parts,  the  upper 
aitude  of  Ri  and  the  lower  the  magnitude  of  R2.  No  trouble  will 
in  applying  the  above  method  if  the  following  rule  is  obeyed  to 
Fig.  38,  the  parallels  to  any  three  lines  in  Fig.  38a  which  form  a 
meet  in  a  point.  For  example,  in  Fig.  38a  lines  i,  2,  and  Pi, 
riangle,  and  in  Fig.  38,  their  parallels  meet  in  the  point  X.  In 
is  not  necessary  that  the  forces  AB,  BC,  etc.,  be  used  in  order  in 
onsidering  them  in  order,  on  a  simple  beam,  makes  the  graphical 
i  Fig.  38  less  complex  and  avoids  many  chances  of  en-or.  The 
d  above  is  general  and  can  be  used  for  forces  acting  in  any  direc- 
rces  are  parallel  then  the  load-line  ab,  be,  ce,  etc.,  in  Fig.  38a,  and 
ill  coincide;  but  the  method  of  procedure  remains  unchanged. 
he  forces  acting  upon  the  truss  have  been  determined,  for  con- 
will  be  shown  in  character,  in  Fig.  38b,  and  the  stresses  in  the 
Dsing  the  truss  will  be  found.  First  lay  off  the  forces  in  exact 
.t  they  form  a  closed  figure,  which  must  be  the  case  if  they  are 
The  lines  with  arrow-heads  in  Fig.  38c  show  this  construction. 
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which  checks  the  values  of  ^i  and  Rt  obtamed  above.  This  6gure  remains  ti 
same  regardless  of  the  interior  arrangement  of  the  truss.  The  oonstrucdoa 
the  stress-diagram  follows  the  methods  given  in  the  previous  examples  iin 
point  3  is  reached.  Here  there  are  three  xtnknowns,  CM^  ML  and  LK,  and 
cannot  be  assumed  that  ML  is  the  same  as  JK,  as  was  done  in  examples  lo  s 
II.  Let  the  truss  be  cut  as  shown  in  Fig.  38d,  and  the  actual  stresses  in  the  c 
pieces  assumed  to  act  against  the  cut  ends,  then  the  frame  shown  in  Fig.  9 
and  the  forces  Ru  AB,  BC,  CE,  EN,  NO,  OG  and  G^T  will  be  in  equilibria 


Fig.  38c.    Unsynunetrical  Truss.    Strew-diagraBi 


Fig.  38o.    TTnsymmetricai  Tn 
Tniss-diagruns 


^ 


The  frame  may  be  of  any  form  as  long  as  it  is  rigid  so  the  bracing  may  be  chan^ 
as  shown  in  Fig.  38d  and  the  stress-diagram  proceeded  with  as  in  Fig.  31 
until  the  stresses  in  EN,  NO  and  OG  have  been  found.  This  will  locate  ! 
point  0.  Returning  to  Fig.  38b,  it  is  found  that  at  joint  4  all  the  stresses  I 
KL  and  LO  are  known;  hence  these  can  be  found  in  the  usual  maimer.  Join 
is  next  considered  and  so  on  until  the  diagram  is  complete.  The  line  C^  in  f 
38c  will  pass  through  /  if  the  work  is  correct.  Although  the  method  for  del 
mining  the  chajiactek  of  the  stresses  has  been  explained,  it  will  be  repeal 
here  in  a  more  general  manner.    Take,  for  example,  joint  8,  in  Fig.  3Sb,  whi 

is  in  equilibrium  under  the 
action  of  the  stresses  go, 
op,  Pq  and  qg,  as  indicated 
in  Fig.  38e.  The  stress- 
diagram  for  this  joint  is 
shown  in  Fig.  38f,  sepa- 
rated from  Fig.  38c.  It  is 
assumed  that  the  stress  in  GO  is  tension.  Then  in  Fig.  38f,  starting  at  i 
off  go,  op,  Pq  and  qg,  placing  the  arrow-heads  as  shown.  Tran^erring  th 
arrow-heads  to  the  ends  of  the  cut  pieces  in  Fig.  38e  indicates  at  once  I 
KIND  OF  STRESS.    The  following  examples  illustrate  the  above  methods* 

XXnsymmetrically-loaded  Truss.  Example  24.  Fig.  39  represents  the  d 
gram  of  a  truss  similar  to  that  shown  in  Fig.  1,  but  of  a  greater  span  and  hav; 
a  gallery  supported  from  it  at  one  side  only.  The  approximate  roof  and  ceSi 
loads  are  indicated  by  the  figures  near  the  arrows,  and  the  weight  enmin^ 
one  truss  from  the  gallery  would  be  about  9  000  lb.  The  first  step  tows 
drawing  the  stress-diagram  is  to  determine  the  reactions  at  the  two  aids  o£  i 


P 
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Tm7  38e.    Unsymmetiical 
Truss.    Forces  at  Joint  8 


7-# 

Fig.    3Sf.    UnsymaaeCri 
Truss.     Stres£rpQlyggi 
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will  give  the  supporting  forces.    This  is  readily  done  in  this  examplo 

[OD  OF  UOMEHTS  explained  on  pages  322  to  324.    Moments  are  first 

joint  z.    As  the  loads  at  joints  2  and  3  have  the  same  arm,  they 

•gether  before  multiplying  by  the  arm.    The  loads  at  joints  4  and  5 


8OM 


39.    King-rod  Truss.    Truss-diagram  and  Equilibrium-polygDO 

h 


Fig.  39a.    King-rod  Truss.    Stress-diagram 
>  and  7  are  treated  the  same  way.  The  moments  about  joint  i  will 


90+4500+9000) 

00+4500) 

00+4500) 


21  500]  lb  X  12H  ft 
12  500]  lb  X  25  ft 
i2Soo]IbX37%ft 


268  750  ft-lb 
312  500  ft-lb 
468  7  so  ft-lb 


The  sum  of  the  moments 


I  050  000  ft-lb 


lese  CLOCKWISE  moments  about  joint  i  must  be  balanced  by  the 
:wisE  MOMENT  of  Rt,  the  LEVER-ARM  of  which,  with  reference  to 
ft.  Knowing  the  arm«  50  ft.  the  force  Rt  is  obtained  by  dividing 
e  moments  of  the  loads  by  the  span.    Dividing  x  050  000  ft-lb  by 
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50  ft,  the  result  is  21  000  lb,  which  is  the  reaction  or  supporting  force  at  joint  1 
and  Ri  must  equal  the  difference  between  the  sum  of  the  loads  and  Rt.  Tl 
sum  of  the  loads  is  46  500  lb  and  subtracting  from  this  21  000  lb,  the  remaindc 
25  500  lb,  is  the  value  of  R^.  The  stress-diagram  (Fig.  39a)  may  now  be  drawi 
First  draw  a  vertical  line  oa  equal  to  Ri,  25  500  lb.  From  a  and  0  draw  Unt 
parallel  respectively  to  AE  and  £0,  locating  the  point  e.  For  the  stress-liu 
at  joint  2  measure  up  from  o  a  distance  equal  to  the  load  at  that  joint,  13  5c»  I 
which  gives  the  point  r,  and  from  e  and  r  draw  lines  parallel  to  EP  and  Fi 
which  intersect  at  /.  At  joint  3,  the  sides  of  the  stress-polygon  are  /r,  ea,  a 
bg  and  gf.    Draw  the  stress-polygons  lor  joints  4,  5,  and  6  in  the  order  in  whi( 


s'o-"-. 


Rs-ftt 


Fig.  40.    Unsymmetxlcal  Truss.    Truss-diagram  and  Equilibrium-polygon 


they  are  numbered.  At  joint  6  the  sid'^s  of  the  stress-polygon  are  t*.  he,  ri,  1 
and  ji.  If  the  diagram  has  been  correctly  drawn,  the  line  ij  will  be  just  eqa 
to  the  load  at  joint  7.  The  sides  of  the  stress-polygon  for  joint  7  are  ts  equal  t 
4  500  lb,  si,  ij  and  jty  the  only  line  to  be  drawn  being  jV,  whicb  must  be  parali 
to  JT.  Consequently  i  must  be  exactly  opposite  /,  or  the  poi3rg(m  will  not  do9 
The  distance  di  should  be  equal  to  Rt. 

Unsymmetrically-loaded  Truss.  Example  as.  Fig.  40  is  the  diagram  c 
a  wooden  roof-truss.  The  actual  loads  were  about  as  given  on  the  diagnn 
There  were  purlins  at  joints  3  and  5  only,  and  the  ceiling  below  was  suqieoda 
by  rods  from  joints  4  and  7.  joint  4  being  fixed  by  the  framing  of  the  otSBK^ 
Hie  moments  of  the  loads  about  joint  i  are:  ' 
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3  2oolbx  SV^ft 
550olbXi5%ft 

4  lOO  lb  X  19     ft 

5  500  lb  X  24     ft 


37  200  ft*Ib 

85  250  ft-lb 

77  900  ft-lb 

132  000  ft-lb 


Sum  of  moments    »■  322  350  ft-lb 

I  sum  of  the  moments  by  the  distance  between  the  supporting  forces, 
s  9  768  lb  as  the  value  of  Ru 
;  the  loads  is  18  500  lb.    Sub-  ^ 

r68  lb,  8  532  remains  as  the 
.  To  draw  the  stress-diagram, 
o"a  equal  to  8  532  lb  equal 
raw  ae  and  tfo".  The  sides  of 
>lygon  for  joint  2  are  ea,  ab,  hf. 
At  jomt  3,/6  is  known  and 
ted  down  and  made  equal  to 
I  and  gf  are  then  drawn.  At 
t  by  measuring  upwards  from 
locating  point  0'  and  draw^A 
t  joint  5,  kg  and  gc  are  now 
uals  5  500  lb  and  a  line  from  d 
aliel  to  DH.  This  should  pass  through  h,  completing  the  diagram, 
rod  3-7  is  the  load  at  joint  7. 


Fig. 


40a.      Unsymmetrical 
Stress-diagram 


Truss. 


IMOO 


1700 


.  Unsymmetrical  Truss.    Truss^iagnun  and  Equflibtnim-polygon 

cically-loaded  Trass.    Example  36.    Fig.  41  is  the  truss-diagram 

ss  in  the  same  building  in  which  the  truss  shown  in  Fig.  40  was 

moments  about  joint  z,  there  results*  for  the  sum  of  the  moments^ 


IIM 


TLz  t  t  ^TJOu.  zr.  ii  at 
■CS!«  n  EJ  s  \  one  i 

<arr*KL7  trtwn,  x  ire 


Of  £i.     1 

40.     Start] 
2,  aad  the  acti 

the  point 

by  t 

^  F%.  41.  p 

E  tbe  surese-d 


]M^au(  nscallT  causes  a  Krsxx&u.  or  ihk  szsess  ix  KDa>  ki  one  or  more  of  f 
diaganik  cr  vcrtkai^;  and  if  ibe  tmas  nnnyims  aaj  £oar-sided  iwmrk,  an  mS 
tk«al  dagrinal  is  sicxienibr  reqocvdL  This  is  paitimbrty  true  of  the  Hoi 
tvt'ss;  and  as  this  trass  is  mj  exteosirehr  used  by  ardhitects  and  builders, 
wil]  now  be  ooa«idcTcd  at  some  length  vith  special  idumce  to  the  efiect 


Unsjuctricaliy  Loaded.  IVfaoi  a  Howe  tsuss  is  load 
fymmetrfcany  co  eadi  side  of  the  miikOe.  all  of  the  baces  indine  downwt 
ffMn  tbe  center,  as  in  Figs.  14  to  17,  Chapter  XX\1;  and  if  thcve  is  an  a 
sa-MBER  or  PANELS,  the  Budtfle  pand  needs  no  brace.  When  a  load  of  ma 
masiutude  is  ptaced  on  one  side  of  a  trass  having  an  odd  nitmber  or  pani 
without  a  oorre^xxiding  load  on  the  other  side,  a  brace  is  always  lequired 
tbe  middle  panel  and  the  bxace 


t? 


4 
4 


f%.42.   BbfweThiss.    T^nss-diaciBm 


should  incline  downward  from  the 
side  which  is  most  heavily  loaded. 

Sow*  TnsM  with  ETen  Himi- 
ber  of  Panels.  When  the  trass 
has  an  even  ntmber  op  panels, 
an  unsymmetrical  load  causes  a 
greater  stress  in  the  braces  on 
one  side  of  the  trass  than  on  tire 
other;  and  if  there  is  a  sufficient 
difference  in  the  loads  on  the  two  sides  of  the  truss,  it  causes  compressiw  strea 
in  one  or  more  of  the  rods  and  tensile  stresses  in  one  or  more  of  tbe  bcaoes^  . 
this  truss  b  especially  designed  with  the  idea  of  having  the  braces  ik  co 
PRESSION  and  the  verticals  in  tension,  wheuever  the  loading  causes 
in  a  brace,  or  compression  in  a  rod,  the  direction  of  the  brace  should  be 
causing  it  to  be  in  compression  again.  Consider,  for  example,  the  truss  riKM 
in  Fig.  42,  divided  into  6  panels  of  equal  width  and  loaded  witb  4  tons  at  ci 
of  the  upper  joints  and  9  tons  at  the  second  lower  joint  from  the  left.  Wl 
out  the  bottom  load  of  9  tons,  the  brace  in  the  third  panel  sboilhl  indine  di0p 
wand  from  the  middle  joint,  as  shown  by  dotted  line  at  B\  but  when  the  kiad 
9  toos  is  ftddod,  it  cauies  a  tensile  Btien  in  £  axid  a  oMopieKive  sUos  Sd  JL  \ 
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Fig.  43.    Howe  Truss.    Tran-cKagnfli^ 


lie  DiBECTXON  OF  THE  BKACE  IS  ftEVBASBD,  AS  showD  by  the  fuIl  line, 
oompiession  and  the  vertical  R  has  no  stress  except  that  caused  by 
ad  of  9  tons.  There  are  the  same  results  when  the  load  of  9  tons 
the  joint  directly  above,  instead  of  at  the  lower  joint,  although  in 
« is  no  stress  at  all  in  R  except  that  due  to  the  weight  of  the  tie-beam, 
ad  of  9  tons  is  reduced  to  6  tons,  no  brace  is  required  In  the  third 
irben  the  bottom  load 
\  tons,  a  braoe  in  the 
:tiaa  is  reguived,  as 
43.    (Seepage  1006.) 

row  with  Uneren 
Panels.  In  the  five- 
shown  in  Fig.  44,  a 
tons  at  A  requires 
lent  of  braces  shown 
lines,  and  when  the  bad  at  A  is  increased  to  mofe  than  15  tons, 
needs  to  be  reversed,  as  shown  by  the  dotted  line.  The  stress- 
kys  shows  in  •which  direction  any  bnoa  should  be  placed  to  be  in 
but  this  may  be  determined  also  by  the  following  rule.  When  the 
ads  to  the  left  of  any  section,  taken  between  Ri  and  the  middle,  is 
the  reaction  Ru  the  dhection  of  the  brace  cut  by  that  section  inust 
rom  its  normal  direction.  When  the  sum  of  the  loads  is  less  than 
should  be  in  its  nonnal  position.  When  the  simi  of  the  loads,  to 
e  section,  is  just  equal  to  Rit  no  brace  is  required.    For  example, 

consider  a  section  at  x.  Fig.  44.  Here 
the  8u»  of  the  bads  to  the  left  is  X0.5 
ton9,  which  sum  is  less  than  Ri; 
hence  the  brace  should  be  in  its 
norma!  direction.  If  the  sectbn  is 
at  y,  the  sum  of  the  bads  to  the 
left  is  13.5  tons,  which  sum  is  greater 
than  Rii  hence  a  brace  is  required, 
slanting  downward  from  the  more 
heavily  loaded  side.  When  the  sec- 
^ig.  42,  the  load  to  the  left  is  4  tons,  an  amount  less  than  ^i; 
ce  in  that  panel  should  be  in  its  normal  position.  When  the  sec- 
he  sum  of  the  loads  is  greater  than  Ru  hence  the  brace  in  that 
!  reversed.  When  the  section  is  at  y,  Fig.  43,  the  sum  of  the 
it  is  less  than  R^;  hence  the  brace  should  be  in  its  normal  posi- 
»  rule  the  proper  directbn  of  the  brace  in  any  panel  is  indicated, 
be  complication  of  the  loading  and  of  the  width  of  the  [tanels;  but 
le  rule,  it  is  first  necessary  to  determine  the  supporting  forces, 
;  found  either  by  the  method  of  moments,  as  explained  in 
r  by  the  graphical  method. 

rical  Howe  Truss.  Bxample  a?.  As  an  example  of  an  unsym- 
c  TRUSS  unsymmetrically  loaded,  the  truss  represented  m  Fig.  45 
This  truss  is  supposed  to  support  a  flat  roof  and  a  wooden  tower 
m.  The  positbn  of  the  tower  necessitates  a  division  of  the  panels 
9  that  the  truss  is  quite  nnsynunetrical.  It  is  assumed  that  the 
oof,  siiow,  and  tower  constitute  the  loads  in  pounds  at  the  upper 
d  by  the  figures.  The  graphical  determinatbn  of  the  reactions 
clearly  shown  in  Figs.  45  anid  45a.  The  only  panels  of  this  truss 
i&aay  question  as  to  the  difection  of  the  bsaces  aie  the  third  and 
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fourth.  Taking  a  section  at  x,  the  sum  of  the  loads  to  the  left  is  greater  tk 
Ri;  hence  the  brace  should  be  placed  as  drawn.  A  seaion  taken  thxougli 
makes  the  sum  of  the  loads  to  the  left  less  than  Ri;  and  hence  the  brace  shot 
be  in  its  normal  position.  The  stress-diagram  of  this  truss  is  readily  dn« 
starting  with  v*a  equal  to  Ri,  and  gomg  from  joint  to  joint  as  in  previous 
pies.    The  completed  stress-diagram  is  shown  ui  Fig.  45a. 


3 * 

Fig.  45.    Howe  Truss.    Truss-diagram 


Fig.  45a.    Qowe  Truss.    Stress-diagram 


Counterbraces.  These  are  extra  braces  that  are  put  in  a  truss  wlu 
stresses  are  reversed  in  character  by  a  load  which  may  be  applied  for  a  tin 
and  then  removed.  For  illustration,  consider  the  truss  represented  in  Figs.  4 
and  43.  Here  it  has  already  been  shown  that  when  the  load  at  A  is  less  tlua  I 
the  brace  in  the  third  panel  should  be  in  the  position  shown  in  Fig.  43;  whil 
when  the  load  is  greater  than  6,  the  brace  should  be  in  the  position  shown  b 
the  full  line,  Fig.  42.  Now,  if  the  load  at  A  represents  the  weight  of  a  crowds 
gallery  or  a  hoist  raising  a  heavy  load,  or  in  fact  if  it  represents  any  five  hd 
it  is  evident  that  when  this  live  load  is  absent  the  brace  in  the  third  panel  shoal 
be  in  its  normal  position;  and  that  when  this  maximum  load  is  present  a  biac 
is  needed  in  the  opposite  direction.  As  it  is  not  practicable  to  move  the  biac 
to  suit  the  changing  conditions  of  the  loadmg,  it  is  necessary  to  put  in  t« 
braces,  only  one  of  which,  however,  is  in  action  at  a  time.  The  stresH 
in  a  Howe  truss,  therefore,  which  is  subject  to  a  variable  and  unsymmetiioi 
loading,  shouki  be  computed  for  at  least  two  coNDiTio*fs  or  loading:  faH 
for  the  condition  resulting  from  the  appucation  of  tbm  kaxocuic  ixiad:  aa 
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or  the  coDdition  resulting  from  the  removal  of  the  variable  load. 
should  be  designed  to  resist  both  conditions.  Snow  is  a  variable 
hich  such  trusses  are  often  subjected;  but  as  it  is  nearly  uniformly 
!  over  the  roof,  it  does  not  change  the  character  of  the  stresses 
he  members.    If  a  truss,  therefore,  is  designed  for  a  maximum  snow- 

more  than  strong  enough  when  there  is  no  snow.  Moreover,  the 
strength  of  the  chords  is  usually  sufficient  to  resist  any  slight  inequality 
ling.  The  principal  variable  vertical  loads,  therefore,  to  which 
i  may  be  subjected  and  which  require  counterbraces,  are  those  due 
^ht  of  people,  merchandise,  etc.,  these  loads  being  either  suspended 
uss  by  rods  or  brought  upon  the  truss  by  a  floor  supported  by  the 
rd.  The  truss  shown  in  Fig.  46,  also,  is  an  instance  of  such  loading, 
s  given  by  the  figures  indicate  merely  the  combined  dead  loads  and 
Durmg  a  high  wind  the  weight  on  the  leeward  side  of  the  tower 
Teased  and  on  the  windward  side  decreased,  so  that  when  the  wind 
the  right,  the  load  at  4  is  greater  and  at  8  less  than  indicated;  while 
tnd  blows  from  the  left  the  load  is  increased  at  8  and  decreased  at  4. 
es  counterbraces  in  both  the  third  and  fourth  panels.  As  counter- 
o  harm,  even  if  never  brought  into  action,  it  is  always  well  to  use 

middle  panels  wherever  the  loads  are  at  all  variable. 

»r  Trusses.  These  trusses  may  be  considered  as  unsymmetrically 
ssEs,  for  although  the  loads  may  be  symmetrical  in  relation  to  the 
ire  usually  unsymmetrical  in  relation  to  the  supports.  The  method 
re  THE  supporting  forces  and  drawing  the  stress-diagrams  is  shown 
wing  examples: 
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Fig.  46.    Cantilever  Truss.    Truss-diagram 


R,-«75 


r  Truss.  Example  28.  Fig.  46  is  the  diagram  of  a  cantilever 
5  might  be  used  to  support  the  roof  over  a  grand  stand  or  railway- 
:>rm  aiid  may  be  constructed  either  of  wood  or  steel,  steel  being 
The  first  step  towards  determining  the  stresses  is  to  find  the  sup- 
i.  For  this  purpose  the  panel-loads  have  been  made  i  000  lb  each, 
ag  of  equal  width.  These  assumed  loads  simplify  the  problem  and 
as  the  actual  loads  to  explain  the  method  of  procedure.  In  canti- 
zs  the  loads  at  the  ends  of  the  trusses,  as  well  as  the  intermediate 
be  taken  into  account.  These  end-loads  are  each  equal  to  one-half 
loads.  To  find  the  supporting  forces  moments  are  taken  about 
e  sum  of  the  moments  of  the  external  vertical  forces  is  147  000  ft-lb. 
Its  must  be  resisted  by  the  moment  of  the  force  R^  which  acts  in 
rection  with  reference  to  the  same  point  and  with  a  lever-arm  of 
ini^  Z47  000  ft-lb  by  24  ft,  there  results  6  125  lb  as  the  value  of  ^ 


liilO 


diresses  in  i^ooi-iniases 


v^iap.  a 


and  as  the  total  load  is  7  000  lb,  Rt  must  be  875  lb.  The  streas^iagiam  may  I 
commenced  either  with  the  forces  at  joint  i  or  with  those  at  joint  13;  but  4 
the  external  loads  were  laid  off  from  left  to  right  in  the  preceding  examples,  ti 

same  order  is  used  here.  Commenciiis  tiM 
with  joint  i,  lay  off  on  a  vertical  line  the  bM 
oa  equal  to  500  lb,  which  acts  down,  an 
draw  a*  and  to  parallel  respectively  to  A 
and  10.  The  forces  act  from  0  to  ft,  from 
to  i  (from  the  joint)  and  from  t  to  0  (towan 
the  joint),  showing  that  i4/  is  in  tcosioii  aa 
10  in   compression,   a  reversal    op    n 

CHARACTER    OF   THE    STRESSES    developed    I 

the  corresponding  members  of  a  truss  siq 
ported  at  both  ends.  Next,  at  jcHot  2,  tl 
stress  ia  is  now  known,  and  ab  equal  to  i  oc 
lb  is  laid  off;  then  bj  and  ji  are  diawn,  B 
being  in  tension  and  JI  in  oomprcsski 
The  forces  at  joint  5  are  next  drawn  as 
then  those  for  the  remaining  joints^  in  tl 
order  in  which  they  are  numbered.  At  joii 
6,  the  first  force  known  is  the  supportinis  ion 
Ru  represented  by  o'^  laid  off  equal  to  6  xa 
lb  and  acting  upward.  The  sides  of  tl 
polygon  of  forces  for  joint  6  sae  a'o,  om^  m 
and  no'.  The  stress  in  MN  h  equal  to  tl 
supporting  force  o'o,  which  is  evident  fra 
the  truss-diagram.  In  practice,  Rt  wod 
probably  be  a  column  continued  to  tl 
apex  of  the  truss.  At  joint  12  the  stresa 
already  determined  are  vu,  «/,  and  fg  eqxa 
to  I  000  lb.  gv  must  close  the  polygon.  It  will  be  noticed  that  gv  acts  toward  jok 
12;  hence  the  rafter  in  the  end-panel  is  in  compression.  If  a  Hne  drawn  from  1 
parallel  to  the  rafter,  passes  through  v,  the  stress-diagram  is  correct;  if  it  do: 
not  pass  through  v,  then  either  the  stressKiiagram  has  not  been  drawn  wit 
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Fig.  47.    Cantile\'er  Truss.    Truss-diagram 

sufficient  accuracy  or  an  error  has  been  made  in  computing  the  supporting  foroei 
In  drawing  the  stress-diagram  for  cantilever  trusses,  it  is  important  to  koi| 
in  mind  the  direction  in  which  the  forces  act,  in  order  to  determine  whitj 
members  are  in  compression  and  which  in  tension. 
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ff  IVnta.  Bumiile  99.  Fig.  47  is  the  diagram  of  a  truss  simibr 
I  that  shown  in  Fig.  46,  but  with  the  diagonal  BmACBS  inclined 
SITE  DUtECTiON,  SO  as  to  cause  them  to  be  in  compression  and  the 
tension.  The  supporting  forces  are  found  by  the  same  methods 
imple  28,  and  the 
m,  also,  is  drawn  by 
used  for  Fig.  46a. 
however,  the  stress 
il  post  ilN  is  con- 
;  than  the  reaction 
a  large  portion  of 
ransmitted  to  joint 
-uts  LM  and  NR. 
;  three  sections  of 
the  right  side  aro 
m  and  three  sec- 
bottom  chord  are 
rhis  is  because  in 
projection  of  the 
proportion  to  the 
f  less  than  it  is  in 
m  the  stress-lines 
t  of  the  load-line 
he  snsssES  aie 
OND.  This  truss 
tpted  to  wooden 
rith  vertical  rods 
truss    shown    in 

!«nta«ver  Truss. 
In  this  example, 
iwn  a  truss  with 
at  the  outer  end 
it  so  that  Ri  acts 
»   <leternune  the 

character  of  the  supporting  forces  moments  are  taken  about 
rs: 

Dts  of  loads  to  the  right  of  joint  7,  the  figures  on  the  force-arrows 
pram  iodicating  thousands  of  poimda: 

8)  +  (S  X  16)  -I-  (5  X  24)  +  (xa.S  X  32)  -  640  000  ft-lb 

nts  of  loads  to  the  left  of  joint  7 : 

Ca.5  X  24)  -f-  (5  X  16)  -h  (s  X  8)  -  180  000  ft-lb 

its  act  in  opposite  direction  with  reference  to  the  center  o. 
6,  the  fsmaller  sum,  is  subtracted  from  the  larger,  leaving  an 
lent  of  640  000  ft-lb  —  xSo  000  ft-lb  >  460  000  ft-lb,  tending 
(k»wn  on  the  right  of  Ri  at  joint  6  and  to  lift  it  up  on  the  left. 
1st  be  resisted  by  the  moment  of  the  reaction  Ru  which  has  an 
ividingf  460  000  ft-lb  by  24  ft,  19  250  lb  resahs  as  the  Ractfon 
ecfuires  a  downward  force  of  this  magnitude  to  maintain  the 
am.  As  the  support  at  6  must  resist  this  downward  puU  as 
Ji»  ^rill  equal  the  sum  of  the  loads  plus  the  pull  ^i,  or  45  000  lb 


Fig.  47a.    Cantilever  Truss.    Stieas-diagram 
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+  19  250  lb  -  64  350  lb.    Having  obtained  the  value  of  the  snqiporting  iota 
the  stress-diagram  is  drawn  by  laying  off  on  a  vertical  line  oa  downward,  equ 
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Fig.  48.    Cantilever  Truss.    Tross-diagna 

to  19  250  lb  equal  to  ^1.    The  next  force  is  the  load  of  2  500  lb,  which  also  a< 

down,  and  which  locates  the  point  b.    From  b  a  line  parallel  to  BI  is  drawn  aj 

from  0  a  line  parallel  to  I 
^  locating  the  point  i .  H  a< 
from  joint  i  and  ia  towai 
it,  showing  that  BI  is 
tension  and  lO  in  comprasH 
The  remainder  of  the  stf<e 
diagram  is  drawn  by  the  su 
methods  employed  for  1 
diagrams  of  Figs.  -Ma  m 
47a.  At  joint  6  the  fb*« 
polygon  b  b^gun  with  t 
force  Rt  or  o'&,  which  m 
upward,  and  the  upper  c 
of  which  must  be  at  0.  C« 
sequently  0'  is  located 
measuring  downward  fxooa 
64  250  lb.  The  ades  of  1 
stress-polygon  for  this  ja 
are  o'o,  om,  mn  and  m 
After  gh,  the  load  at  joint 
b  laid  off,  the  temaininK  ^ 
tance  ho'  should  be  just  c^ 
to  the  load  at  joint  14, 
13  500  lb.    If  Rx  and  R^  1^ 

been  correctly  computed  and  the  stress-diagram  accurately  drawn,  the 

s,  u  and  w  will  fall  in  the  line  no'. 


Fig.  4fiA.    Cantilever  Tnua.    Stress-diagram 


Determiiifttion  of  Wind-Load  Stxesses  1K)9 

1  D^termiiuitioii  of  ^nnd-Load  Strestes 

idf.  Thus  far  the  stresses  due  to  vertical  loads  only  have  been 
±t  pressure  of  the  winb  bemg  combiDed  with  the  dead  load  and 
IS  acting  vertically.  For  triangular  and  Fink  trusses  this 
[ffidently  accurate,  as  the  wind-pressure  never  causes  a  maximum 
ss  of  that  obtained  by  the  method  explained  in  connection  with  the 
imples.  For  trusses  with  curved  chords  and  in  fact  for  almost 
steel  trusses  except  those  of  the  Fink  and  van  types,  it  is  not 
der  wind-pressure  as  acting  vertically,  because  the  wind  acts  gen- 
rection  at  right-angles  to  the  roof-surface,  and  upon  but  one  side  of 
given  time,  thus  loadmg  the  truss  unsymmetrically  and  often  caus* 
of  an  opposite  kind  from  those  produced  by  a  vertical  loading. 
I  are  inactive  under  a  vertical  load  may  therefore  be  necessary  to 
oe  of  the  wind,  or  the  total  stress  due  to  wind  and  vertical  load 
y  be  greater  than  it  would  be  if  the  wind-pressure  were  considered 
load.  To  design  a  roof-truss  correctly,  therefore,  it  is  necessaiy 
the  stresses  due  to  vsrticai.  loads  and  wind-loads  separately 
bine  them  so  as  to  get  the  greatest  stress  that  may  be  produced 
^bable  conditions.    (See  statement  on  page  1049.) 

lords.  In  the  calculation  of  trusses  with  curved  chords  it  is 
ctice  to  find  the  stresses  for  the  following  different  leadings  and 
them  to  obtain  the  maximum  stress:  Stresses  due  to  the  wind  on 
e  truss  nearer  the  expansion-end;  stresses  due  to  the  wind  on  the 
ss  nearer  the  fixed  end;  stresses  due  to  the  permanent  dead  loads; 
)  snow  covering  the  entire  roof  or  only  one-half  of  the  roof;  and,  in 
stresses  due  to  snow  covering  only  a  small  area  of  the  roof  on  one 

Saow.  It  is  generally  assumed  that  the  maximum  wind-pressure 
load  can  not  act  on  the  same  half  of  the  truss  at  the  same  time, 
h  straight  rafters  it  will  generally  be  sufficient  to  find  the  stresses 
oanent  dead  load,  and  to  the  wind  from  both  directions,  disregard- 
ad  when  the  pitch  of  the  roof  is  45**  or  greater.  For  the  Northern 
le  pitch  is  less  than  30^  it  is  well  to  consider  that  a  heavy  sleet 
h  sides  of  the  roof  at  the  time  of  a  heavy  wind  and  to  add  about 
i  roof -surface  to  the  dead  load  to  allow  for  it.  In  localities  where 
s  may  be  expected,  the  stresses  due  to  the  full  snow-load  should 
as  these  combined  with  the  permanent  dead  load  may  exceed 
ad  load,  sleet  and  wind-pressure. 

i-Diagrama.  These  are  affected  by  the  manner  in  which  the  truss 
[f  both  ends  of  the  truss  are  fixed,  the  wind-reactions  are  paral- 
ant  wind-load;  if  one  end  is  free  to  move  horizontally,  that  is, 
iupported  on  a  rocker,  the  reaction  at  the  roller-end  is  vertical 
fixed  end  inclined.  "If  one  end  be  fixed  and  the  other  merely 
a  smooth  iron  plate,  the  reaction  at  the  free  end  may  have  a 
onent  equal  to  the  vertical  component  multiplied  by  the  coeffi- 
ON»  which  is  about  one-third." 

"Tee  Xnda  of  Trusses.  Wooden  trusses  may  be  considered  as 
ds.  Steel  trusses,  when  supported  on  masonry  walls,  should 
xsi>  and  the  other  free  to  move;  and  when  the  spaa  exceeds 
id  should  be  supported  on  rollers  to  permit  of  expansion  or 
hen  steel  trusses  are  supported  by  steel  columns,  as  in  steel  mill- 
usaes  are  rigidly  attached  to  the  columns  and  no  provision 
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is  made  for  expansion.    Id  such  buildings  the  wind'pressure  causes  a  bemo 
STUSS  in  the  columns,  which  must  be  provided  for. 

Truss  with  Fixed  Ends.  Tt«iinpl»  31.  Wind-pressure  is  usually  aasui 
to  be  applied  uniformly  over  one  side  of  the  roof  and  to  act  at  right-aoglei 
the  surface  of  the  roof.  The  joint-loads  or  panel-loads,  therefore,  are  proportk 
to  the  roof  "areas  supported.  When  the  joints  divide  the  rafter  into  panels  of  eq 
length,  the  joint-ioads  are  uniform,  except  for  the  joints  at  the  edges  oC  the  q 
The  actual  wind-pressure  is  obtained  by  multiplymg  the  roof-surface  by 
values  given  in  Table  DC,  page  1053.  For  this  example  the  triangular  truss  she 
in  outline  by  Fig.  49  is  considered  and  it  is  assumed  that  the  span  and  spat 
ef  the  truss  are  such  as  will  give  a  load  of  i  000  lb  at  joints  2  and  4.  The  lo 
at  joints  i  and  5  are  anly  one-half  of  those  at  2  or  4.  To  find  the  suppon 
forces  or  reactions,  draw  a  line  representing  the  resultant  of  the  loads»  cuO 
the  bottom  chord  at  X.  As  the  loads  are  symmetrical  the  resultant  acts  at 
middle  of  the  rafter  and  at  right-angles  to  it.  The  reactions  Rt  and  J& 
inversely  proportional  to  the  two  segments  into  which  a  horizontal  line  joii 
the  points  of  support  is  divided  by  the  iwuiUnti  w  10  this  case  U>  X^  and  r 


Fig.  49.    Triaagular  Tniis.    TniB»diagcuB 


Fig.  4SA.    l^iangoUr  Ti«i 


the  greater  reaction  being  at  joint  i.  The  siun  of  the  reactions  are  equal  to 
sum  of  the  loads.  To  find  the  reactions  graphically,  draw  a  Ime  from  jom 
at  any  angle,  say  from  30**  to  45°,  and  measure  off  a  distance  equal  to  the  ^ 
load.  In  Fig.  49  the  line  1-8  represents  3  000  lb.  Join  7  and  8,  and  frari 
draw  a  line  parallel  to  7-8,  intersecting  1-8  at  X'.  Then  8-X'  is  the  reactiai 
joint  I  and  X'-i  the  reaction  at  joint  7.  To  draw  the  stress-diagram.  Fiff.  i 
first  draw  the  load-line  ae  equal  to  the  sum  of  the  bads,  in  this  case  3  000  lb,  ^ 
perpendicular  to  the  rafter  1-5,  and  divide  it  so  that  ao  is  equal  to  X*S.  11 
at  joint  I,  oa  is  the  supporting  force,  ab  is  500  lb  and  bf  and  fo  are  drawn  popri 
respectively  to  BF  and  FO,  intersecting  at  /.  The  external  forces  and  st«^ 
act  in  the  direction  oa,  ab,  bf  and  fo,  showing  that  BF  Is  in  compmsion  aa4 
in  tension.  At  joint  2  the  stress^lines  are/^.  he  equal  to  r  000  lb.  eg  and  1/.  ^ 
stress-lines  at  joint  3  are  of,  fg,  gh  and  ho;  at  joint  4.  kg,  gc,  cd^  M  and  ik^  fli 
joint  s,  id,  de,  ek  and  ki.  If  the  k>ad-Hne  has  been  correctly  divided  at  •»' 
the  stress-lfnes  have  been  drawn  exactly  parallel  to  the  lines  of  the  tnm, 
k  will  fall  vertically  above  the  point  i.  At  joint  6  the  stres»-ltne8  are  «*.  At, 
A^.  As  the  figure  must  close  by  a  horixontal  line  through  a,  it  is  evident 
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the  truss-diagnm  cannot  be  represented,  and  therefore  there  can  be 
this  member  when  the  wind  is  from  the  left.  At  joint  7  the  reaction 
acting  upk  and  ok  and  ke  moat  dose  the  figure,  showing  that  the  line 
B  the  sticss  in  the  entire  length  of  the  right  rafter,  and  that  there  is 
the  bracing  on  that  side  of  the  truss  when  the  wind  is  from  the  left, 
ver,  either  the  lower  chofd  or  the  rafter  b  not  straight,  some  of  the 
at  side  oome  into  action.  By  noting  the  character  of  the  stresses  m 
is  seen  that  the  different  members  of  the  truss  have  the  same  kind 
is  produced  by  vertical  loads.  As  the  wind  may  blow  from  either 
is  evident  that  both  sides  of  the  truss  must  be  made  alike.  This 
(trates  the  method  of  drawing  the  stress-diagram  for  any  truss  with 
fter  when  both  ends  of  the  truss  are  fixed. 

ItoOen.  Siample  3s.  When  one  end  of  the  truss  is  yvbx.  tc 
action  at  that  end  must  always  be  practically  vertical,  and  thif 
es  a  considerable  variation  of  stress  when  the  wind  is  on  different 
oof;  so  that  it  is  necessary  to  draw  two  wind-stress  diagrams,  on* 


Triangular  Truss.    Truss-diagram  and  Stresft-<fiagram,  Wind  Left 

;  THE  LKFT,  marked  W.L,  and  one  for  wind  rwm  IBS  right, 
It  ia  cuatomaiy  with  authors  when  writing  on  this  subject  tc 
he  ROLLERS  are  always  under  the  right-hand  support,  and  thie 
red  here.  In  pcactice  the  rollers  may  be  pUoed  under  either 
sa  of  the  truss  are  usiuiUy  proportioned  to  the  maximum  stresses. 
le  we  will  take  the  same  truas^iagram  that  was  used  in  Fig.  49, 
sain  in  Fig.  60,  which  is  drawn  to  show  wind  troh  ihe  left. 
.line  1-8  and  divide  it  at  X\  as  in  example  31.  Draw  a  line  ae^ 
>  the  rafter  and  equal  to  1-8  in  length,  and  divide  it  into  two 
same  proportions.  Through  x'  on  ae  draw  a  horizontal  line, 
vertical  line,  the  two  intersecting  at  0.  Then  m  represents  the 
at  joint  7  and  oa  the  reaction  at  joint  i.  The  stress-lines  at 
tb  equal  to  500  lb,  bf  and  Jo.  At  joint  a:  /6,  be,  eg  and  gf.  The 
;  diasnmi  WX.  is  completed  exactly  as  described  for  Fig.  49a, 
ce  between  the  two  being  the  k>cation  of  point  0,  which  gives 
i  in  the  bottom  chord  for  the  truss  of  Fig.  50.  Fig.  51  represents 
ith  wiMB  FROM  THE  RIGHT.  To  draw  the  stress-diagram  W.R. 
ipendicular  to  the  rafter  and  equal  to  the  total  load,  3  000  lb, 
t  x*  into  two  setgnsmts  of  the  same  proportions  as  the  scgBsenta 


1112 


Stresses  in  Roof-Trusses 


Chap.  2 


of  the  line  i-8,  Fig.  50,  the  longer  segment  being  at  the  top.  To  find  the  real 
lions  draw  a  horizontal  line  through  x'  and  a  vertical  tine  through  /,  the  two  Un 
intersecting  at  o.  Then  do  is  the  reaction  at  joint  i,  and  ot  the  reaction  at  joi 
zo.  For  this  diagram  it  is  better  to  start  with  joint  lo  and  take  the  forces 
the  reverse  order  from  that  in  which  they  were  taken  before.  The  stress-fin 
at  joint  lo  are  0/,  U  equal  to  500  lb,  sn  and  no\  at  joint  9,  ns^  sr,  rm  and  m 
at  joint  8:  on,  nm,  nU  and  lo;  at  joint  7,  Im,  imt,  re,  ek  and  U\  and  at  joint 


Fig.  51.    Triangular  Truss.    Truss-diagram  and  Stress-diagram,  Wind  Rlg^it 

he,  ed,  di  and  ik.  If  the  diagrams  have  been  correctly  drawn  the  point  i 
fall  vertically  above  the  point  k.  On  comparing  the  two  diagrams  for  y 
and  W.R.  it  is  seen  that  the  stress-lines  for  the  rafters  and  braces  are  of  the  s 
length  and  that  the  stresses  are  of  the  same  character  in  both,  but  that  the  st 
in  the  bottom  chord  is  considerably  less  when  the  wind  is  from  the  right.  1 
coiKlition  does  not  apply  to  all  trusses,  however,  so  that  it  is  best  to  draw 
two  stress-diagrams  for  wind  from  both  directions. 

Queen  Tmss.  Bsample  33.  Fig.  52  represents  the  outline  of  a  qiiteen* 
TRUSS  for  a  roof  having  a  rise  of  14%  in  in  12  in.  As  the  truss  is  of  wood 
supports  are  considered  fixed.  Joint  2  divides  the  rafter  into  two  equal  pa 
ccmsequentiy  the  wind-k>ad  at  this  joint  is  twice  that  at  joint  i  or  4. 
convenience  it  is  assumed  that  the  wind-load  at  joint  3  is  i  000  lb  and  at  joii 
and  4,  500  lb.  The  resultant  is  2  000  lb  acting  through  joint  2  and  inters 
the  tie-beam  at  X.  To  find  the  supporting  forces,  draw  the  line  1—8  eqm 
3  000  lb  and  connect  7  and  8.  From  X  draw  a  line  parallel  to  7-8  intexaec 
1-8  at  X\  Then  ^X'  is  Rx  or  the  supporting  force  at  joint  i  and  X'—i  « 
the  supporting  force  at  joint  7.  Begin  the  stress-diagram  (Fig.  52a)  by  HrM 
the  line  ad  at  right-angles  to  the  rafter  i'*4,  and  equal  in  length  to  i-S  or  2  oq 
By  means  of  dividers  k>cate  the  point  o  so  that  0^  equals  8-X'.  Then  the  at 
tines  for  joint  i  are  oa,  ab,  he  and  eo\  at  joint  2,  e6,  hc^  cf  and  /e;  at  Joint  2 
ej,  fh  and  ko\  and  at  joint  4»  hf,  fc,  cd,  dk  and  kh.  It  is  seen  that  the  force-| 
gon  at  joint  4  will  not  close  without  the  brace  KH,  because  the  initial 
drawing  the  polygon  is  at  h,  and  a  horizontal  Une  through  d  does 
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wough.  k.  A  QUEEN-&OD  TRUSS,  therefore,  requires  braces  in  the  middle  panel 
Tesist  the  wind-stress.  With  the  wind  from  the  right,  a  brace  is  required  from 
bt  3  to  joint  6.  At  joint  5  the  stress-lines  are  ok,  hk,  kl  and  lo.  It  should  be 
tioed  that  lo  acts  towards  the  joint,  showing  that  LO  is  in  compression.    At 


Fiff.  52.    Queen  Truss.    Truss-diagram 


Fig.  5'iA.    Queen  Truss.    Stress< 
diagram.  Wind  Left 


t  it  would  seem  as  though  this  could  not  be  true,  hut  if  we  glance  at  joint  7 
see  that  Rt  is  thrusting  in  on  the  joint,  and  that  a  strut  is  required  to  keep 
'■  joint  in  position.  This  condition  b  true  only  when  the  inclination  of  the 
ter  is  greater  than  45°.    When  the  inclination  of  the  rafter  is  exactly  45% 


iSBXi 


iSSO 
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Queen  Truss.    Truss-diagram.     (See.  also,  Figs.  3,  12  and  54  and  Chapter 

XXVIII,  Fig.  1) 


L  is  no  stress  in  LO,  and  when  the  indmatioa  is  less  than  45**,  LO  is  in  ten- 
V  Xbe  stress-lines  for  joint  6  are  Ik^  kd  and  dl.  If  no  errors  are  made,  a 
yiMromdi  d  parallel  to  DL  passes  through  the  point  /,  previously  obtained.  A 
f-^S^t  inaccun^cy  ^  locating  the  point  X\  or  in  drawing  the  stress-diagram* 
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however,  causes  the  line  thiousfa  d  to  pass  to  one  side  or  the  other  of  point' 
and  if  this  happens,  it  shows  that  there  has  been  some  inaccuracy  somewhei 
In  practice,  a  slight  divergence  does  not  materially  affect  the  stress.  At  joini 
the  sides  of  the  stress-polygon  are  o/,  Id  and  d4>  >■  Rt,  the  lines  being  alrea 
drawn. 

Combination  of  Stresses.  Example  34.  For  the  purpose  of  showing  b 
the  stresses  due  to  wind  and  vertical  loads  are  combined,  the  truss-diagrams 
Figs.  53  and  54  are  shown,  being  the  same  as  in  Fig.  12,  and  representing  I 


Fig.  53a.    Queen  Truss.    Stress- 
di&xrun 


Fig.  54.    Queen  Truss.  Tniss-diagram.     (See.4 
Figs.  3, 12  and  53  and  Chapter  XXVIII.  F^ 


truss  shown  in  Fig.  3.  The  stresses  first  determined  are  those  due  to  the  we 
of  the  roof  and  ceiling  and  to  an  allowance  of  10  lb  per  sq  ft  for  sleet. 
page  ZOS5  the  roof-area  supported  at  jomt  2  was  foimd  to  be  147^  siq  ft  ai 
joint  3,  200  sq  ft.  On  page  1055  the  weight  of  the  roof  was  estimated  at  lif 
per  sq  ft,  and  allowing  10  lb  for  sleet,  there  results  22%  lb  as  the  greatest^ 
load  under  a  heavy  wind.  This  gives  5  ^  lb  for  the  load  at  joint  2  and  4  sj 
for  the  load  at  joint  3 .  The  ceiling-loads  will,  of  course,  be  the  same  as  in  F^ 
Fig.  53  shows  the  loads  due  to  weight  of  materials  and  sleet,  as  computed  al 
and  the  ceiling-loads.  Fig.  53a  is  the  stress-diagram  for  these  loads,  wHI 
stresses  indicated  by  figures.  This  diagram  is  drawn  exactly  in  the  same 
as  the  stress-diagram  in  Fig.  12,  page  1071. 

Wind-SlresMs.  The  inclination  of  the  roof  is  very  close  to  45**,  and  from  1 
IX,  page  ios3t  the  normal  wind-pressure  for  that  angle  is  found  to  be  2  8  ib.  H 
plying  the  roof-area  at  jomts  2  and  3  by  28,  the  wind-loads  indicated  in  F{ 
are  obtained.  The  wind-load  at  joint  i,  also,  must  be  found.  The  ivol 
suppoited  at  this  joint,  allowing  17  in  for  eave-projection  (Fig.  3)  is  6%  byl 
or  95  sq  ft,  which  makes  the  wind-load  2  660  lb.  The  next  step  is  to  fitf 
point  at  which  the  resultant  of  these  loads  cuts  the  rafter.  As  the  lo«| 
not  symmetrical  or  uniform  on  the  rafter,  the  point  through  which  ^he  ic^ 
acts  must  be  determined  by  means  of  moments  about  joint  i.  The  arms^ 
loads  at  joints  2  and  4  are  figured  on  the  truss-diagram  (Fig.  54) .  The  md 
are 

4i4o]bX  9%ift  *    3S985ft-Ib 
5  600  lb  X  18%  ft  -  X02  200  ft-Ib 


The  sum  of  the  moments  -•  141 185  ft-lb 
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it  is  the  sum  of  all  the  loads,  or  X2  400  lb,  and  the  distance  of  its  point 
•n  from  i  is  found  by  dividing  the  sum  of  the  moments  by  the  result- 
141 185  ft-ib  divided  by  12  400  lb  >-  11.4  ft.  Measurini^  off  11.4  ft 
from  joint  i  and  drawing  a  line  at  right-angles  to  ft  intersecting  the 
e  point  X  is  determined.  From  i  the  line  1-8  is  drawn  at  any 
ual  in  length  to  the  sum  of  the  loads,  12  400  lb,  and  7-8  is  drawn, 
ae  is  drawn  parallel  to  7-8,  intersecting  x-8  at  X'.  Then  8- A''  is 
)porting  force  at  joint  1  and  X'-i  is  Ri  or  the  supporting  force  at 


Forces  Coapoted  by  Moments.    The  supporting  forces  may  also 

by  moments.  The  moments  of  the  loads  about  joint  x  tend  to 
Lss  from  left  to  right.  To  prevent  this  rotation  there  is  the  moment 
ting  force  Rt  acting  at  joint  7  to  rotate  the  truss  from  right  to  left, 
xiuilibrium,  the  moment  of  i^s  about  joint  1  must  just  equal  the  sum 
ts  of  the  loads  about  the  same  point.  This  sum  was  found  above  to 
lb.  The  arm  of  Rt  is  the  perpendicular  distance  between  its  line 
I  joint  I.  Continue  R2  to  meet  the  dotted  line  at  F»  The  dis- 
•ce-R.1  to  P  scales,  say  26.5  ft.  (By  trigonometry,  26  ft.)  Knowing 
alue  of  /b  is  obtained  by  dividing  the 
ioments  of  the  loads,  141  X85,  by  the 
t.  This  gives  5  344  lb.  As  the  sum 
must  equal  the  total  load,  Ri  equals 
344  lb,  or   7  056   lb.     The  distance 

should  scale  reasonably  close  to  these 
ring  the  supporting  forces,  the  stress- 
S4a,  is  drawn  exactly  as  described  for 

the  inclination  of  the  rafters  is  a  J         ;7^ 

han  45^  OE'  is  in  compression,  but  Hg.  54a.  Queen  Truss. 
ery  small.  The  figures  on  Fig.  54a  Stress-diagram,  Wind  I^ 
nesses  in  pounds.    The  stresses  may 

ited  and  should  be  arranged  as  in  the  following  table.  In 
nrind-stresses,  it  should  be  remembered  that  the  wind  may  blow 
de  of  the  truss,  and  the  greatest  stress  liable  to  occur  should  be 


'  / 


cbm 


n.    StrvMM  for  th«  TratMs  Shown  hi  Figs,  za,  53  snd  54 

Dead  weights 
and  alcet 
(Fig.  53^) 

■ 
Wind-stresses 

(Fig.  54) 

Totals 

Stresses 
(Fig.  12) 

+16  150 
+-13800 
+  9600 
+  2350 
0 

—  S  400 
—11  aoo 

—  9600 

+5  100 
+5100 
+3600 
+4100 
+5  100 
-3700 
-5950 
-3  ISO 

+ai  250 
+18900 
+13  aoo 
+  6450 
+  5  100 

—    9  TOO 

-ly  150 
-13  750 

+25600 
+21  300 
+14700 
+  4400 
0 
—  6900 
—1760c 
-14  7CJ 

rs  are  lettered  as  in  Fig.  54.  Thus  the  stress  in  the  rafter  P'B' 
I  the  rafter  on  the  other  side,  and  this  stress  acts  through  the 
he  rafter;  hence  the  stress  for  AE  and  BF  should  be  entered 
tress  in  F'B*.    In  the  same  way  the  stress  in  the  rod  H'F'  is 
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greater  than  in  FH\  hence  the  stress  in  H'F'  should  be  tabulated.  The  stzc 
in  OE'  slightly  reduces  the  tension  due  to  the  dead  load,  but  as  the  stress  in  I 
increases  it,  the  stresses  in  EQ  and  HP  should  be  tabulated.  Both  sides  of  ij 
truss  should  of  course  be  made  alike,  and  two  braces  should  be  inserted  in  t 
middle  panel.  In  the  fifth  column  of  the  table  are  given  the  stresses  due  to  t 
ce'ling-load  an^ji  a  vertical  load  on  the  roof  of  42%  lb  per  sq  ft,  as  obtained  frc 
tiie  stress-diagram,  Fig.  12.  Comparing  the  stresses  in  the  fourth  and  &i 
columns,  it  is  seen  that  except  for  the  brace  EF,  and  for  the  two  rods,  the  stxea 
obtained  by  combining  snow  and  wind  and  adding  to  the  dead  weight  ar«  gfeal 
than  the  totals  due  to  wind,  dead  weight  and  sleet.  Vertical  loads,  of  coui 
cause  no  stresses  in  the  braces  of  the  middle  panel,  and  unless  the  wind -sires 
are  drawn,  it  is  necessary  to  estimate  the  sizes  of  these  braces.  The  stresses 
these  braces,  however,  are  so  small  that  large  pieces  of  timber  are  not  requii* 
The  stresses  given  in  the  fourth  colimin  are  unquestionably  nearer  ^rhat  I 
real  stresses  are  likely  to  be  than  those  in  the  fifth  column.  If  the  roof  is  ered 
in  a  warm  climate  where  there  is  no  sleet,  these  stresses  may  be  further  rediM 
by  omitting  the  10  lb  per  sq  ft  added  for  sleet.  If,  on  the  other  hand,  the 
clination  of  the  roof  is  less  than  30",  the  stresses  produced  by  a  heavy  faO 
snow  without  wind  generally  exceed  the  sum  of  those  due  to  dead  wei^^t,  d 
and  wind;  and  for  such  roofs  the  stresses  due  to  the  maximum  snow-load  slioi 
always  be  computed. 

Reactions.    The  reactions,  or  supporting  forces  of  the  truss  shown  in  Fi^.  \ 
are  very  much  inclined  from  the  vertical.    As  the  dead  load,  however,  is  alw; 
acting  on  the  truss,  the  inclination  of  the  real  reaction  is  never  so  sr^eat,  I 
more  nearly  vertical;  and  when  there  is  no  wind  the  reactions  are  exactly  1 
tical.    The  theoretical  reaction,  due  to  both  wind-load  and  dead  load,  is : 
diagonal  of  a  parallelogram,  the  two  adjacent  sides  of  which  are  the  reacti 
for  the  dead  load  and  wind -load  drawn  to  the  same  scale.    Thus  if  a-7.  Fig. 
represents  the  reaction  due  to  the  wind  and  ^-7  the  vertical  reaction,  due  to 
dead  load  and  drawn  to  the  same  scale,  then  R'%  is  the  resultant  reaction,  modlj 
somewhat,  however,  by  friction.    Examples  31,  32  and  33  serve  to  show 
general  method  of  drawing  wind  stress-diagrams,  and  are  suihcient  to  em 
tlie  student  to  draw  those  diagrams  for  most  trusses  with  straight  rafters,    j 
trusses  with  curved  rafters  the  diagrams  become  more  complicated,  and 
reader  is  referred  to  Graphical  Analysis  of  Roof  Trusses,  by  Charles  E.  Git 
and  to  other  standard  handbooks  on  the  subject. 

7.   Trusses  with  Knee-Braces 

Knee-Braces  are  generally  used  to  give  greater  stability  to  the  stnictore  1 
whole  when  roof-trusses  are  supported  by  colcuns.  Under  the  actio* 
vertical  loads  the  stresses  in  these  members  are  usually  assumed  as  aEcro,  w1 
would  be  true  if  the  materials  composing  the  truss,  knee-braces  and  coira 
were  rigid.  This  discussion  will  deal,  however,  with  the  effect  of  wind  bloi 
against  one  side  of  the  building  and  roof.  The  actual  .stresses  in  the  fa 
braces,  columns  and  truss-members  will  probably  never  be  known  esKrtly 
there  are  so  many  variable  factors  entering  into  the  problem.  In  the  m 
construction,  in  which  columns  are  bolted  to  masonry  pedestals  at  the  bod 
either  riveted  or  bolted  to  the  trusses  at  the  top,  and  in  which  the 
are  riveted  at  both  ends,  the  degree  to  which  these  connections  may  be 
FIXED  is  a  question  leading  to  many  arguments  and  differences  of  opinion.  1 
will  not  be  discussed  at  all;  but  it  will  be  shown  how  the  stresses  in  all  me^ 
of  the  framework  can  be  found  under  given  assumptions.  Assume,  for  cxad 
that  the  bottoms  of  the  colunms  are  sufficiently  fixed,  so  that  a  fxunt  of 


Trusses  with  Knee-Braces 


1117 


midway  between  the  bottom  of  the  knee-brace  and  the  masonry 
uivalent  to  assuming  a  pin  at  thb  point),  and  so  that  the  top  attach- 
those  of  the  knee-braces  may  be  considered  as  pin-connections. 
luss  and  loading  shown  In  Fig.  55,  it  is  clear  that  the  outside  forces 
equilibrium,  and,  unless  the  points  M  and  N  are  unlike  in  some 


MOO 


Fig.  55.    Truss  with  Knee-braces.    Truss-diagram 


reactions  at  these  points  will  be  parallel  to  the  direction  of  the 
e  wind-forces.  Lay  off  to  any  convenient  scale  the  wind-forces 
»wn  in  Fig.  55a.  Then  XY  is  the  direction  and  magnitude  of  the 
-pressure  and  also  the  direction  of  Rx  and  iZs.  The  magnitudes 
;  found  by  meansof  the  equilibrium  polygon  explained  on  page  1097. 
SX  and  ^2  to  YS.    These 

>rTect  in  direction  and  mag-       'h y. 

ome  condition  is  imposed  to     ^(^v~     '7~7\Z  ^ 

If  there  are  no  moments  at        t    ^s.'/     7v  1  Vi 

hese  points  are  restrained 
vertically,  the  vertical  com- 
nd  Rt  must  remain  constant, 
Lreme  case  where  M  may  be 
pin-connection  and  N  as 
•IRS.  Any  assumption  may  be 
magnitudes  of  the  horizontal 
these  points  as  long  as  the 
wo  equals  the  sum  of  the 
»onents  of  Ri  and  Ri.  It  is 
Lssume  these  as  equal.    In 

ctions  at  M  and  A^  are  TX  and  YT,  respectively.  The  next  step 
set  of  these  reactions  at  the  points  O,  Q,  P  and  R.  The  vertical 
and  Vi  act  as  vertical  forces  at  O  and  P.  The  horizontal  com- 
!  bending  moments  at  O  and  P,  and,  in  effect,  horizontal  forces 
?.     Taking  the  left  column,  the  8  100  lb  acting  towards  the  left 

colunui  to  the  left  if  not  prevented  by  the  joints  at  0  and  Q. 


Fig.    55a.    Truss  with  Knee-braces. 
Force-polygon 
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If  the  member  MQ  is  considered  to  act  as  a  lever  with  a  fulcrum  at  O,  a  hd^ 
zontal  force  of  8  loo  lb  acting  towards  the  left  at  M  will  produce  a  pressure,  oi 
force  acting  from  left  to  right  at  Q  which  equals,  by  the  method  of  moments,  vi 
center  of  moments  being  at  O,  8  loolb  X  7.5  ft  -i-  5  ft  "*  12  150  lb.  At  0.  in  ]| 
manner,  taking  the  center  of  moments  at  Q,  8  100  lb  X  12.5  ft  4-  5  ft »  20  250 


2800 


Fig.  56.    Truss  with  Knee-braces.    Truss-diagiam 
ff'       Q        


Fig.  57.    Tnsa  with  Knee-braces.    Stress-diagram 

is  produced,  acting  from  right  to  left .  These  forces  are  shown  In  Fii? .  56.  yH 
combined  with  those  shown  in  Fig.  55  they  give  the  forces  actitifc  at  O.  ^ 
and  P  which  are  used  in  constructing  the  stress-diagram  shown  in  Fig.  57. 


8.  Arched  Trusses 

An  Arched  Truss  is  one  which  has  the  form  of  as  arch  and  wfaicii  e 
supported  at  the  ends  that  the  reactions  produced  by  vertical  forces  are  veiti 
This  is  usually  accomplished  by  placing  pin-conkechoks  at  the  supports  1 
providing  rollers  at  one  end  to  permit  horizontal  movement. 

Stresses  in  an  Arched  Truss.    The  determination  of  the  stresses  in 
members  of  an  arched  truss  is  readily  accomplished  by  following  the  metb 
given  in  the  previous  examples. 

Arched  Truss  with  Roller-Support  Szample  35.  In  Fig.  58  is  siv 
the  left  half  of  an  arched  truss  and  the  roller-support.  This  truss  *»%y 
shape  and  dimensions  of  a  truss  in  Ihe  Live  Stock  Pavilion,  Union  Stock-'S 


'  Arched  TnuMS  111ft 

ud  Tnuuil  Compaoy.  Chici0><  lU'  It  >s  discussed  in  the  Eiwneenug  Htwa  of 
Jose  li,  1906.  The  loading  &hawn  is  symmctiiul  about  the  middle  of  the 
tpa  and  faeace  each  nactiou  equala  ooe-half  the  total  load.    Fig.  63*  thorn 


Fi(.  53.    Live  Stock  PtvilioD,  Chicago,  lU.    Tmu-diiKnia 


Fig.  5SA.    live  Stock  Fivilioa,  Chioso,  til,    StRU-ducnm  lar  Tr 


-diagnun  (ot  ooe-baU  of  Che  truss.     The  stceuei  upon  the  right  of  the 

icnon  of  this  ttUM  is  measured  by  the  movement  o£ 
ID.    This  movemeat  is  computed  ia  the  manner  explained  for  the 
BTuns,[Mgci  loSj-;.  by  the  formula  D-£(5ii;+A£).     Where  ZJ  is  the 
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HORIIONTAL  MoVEMEMT,  S  the  Btrcas  in  any  member  as  given  by  the  stiels-dUcno 

showii  in  Fig.  58a,  h  the  stress  in  any  member  produced  by  the  unit  load  applk 

at  the  roller  end  ol  the  tiuu  and  acting  in  a  boriamtal  diiectioa  (Fig.  58l 

I  the  length  of  any  member,  A  the  area  of  any  member,  E  Young's  modulus 

elasticity  for  the  material  composing  any  member  and  Z  Che  sign  of  sumroatia 

and  when  limits  are  aot  desigoated,  the  iormulaindicateathal  Z{SiJ*  AE)i% 

be  taken  for  each  member  of  the  truss.    For  the  loads  and  areas  indicated 

Fig.  Stj,  the  rollers  will  move  about  10  in  wh 

E  is  30000000  lb  per  iq  in.     In  iKder  that 

given  span  may  obtain  under  a  given  Im 


shorter  than  its  geometricaJ  irngth  by  i 
amount  which  it  is  lengthened  by  the  sir* 
which  it  resists,  and  each  compression -tr.eml 
must  be  lengthened  in  a  like  manner.  M 
other  loading  will  produce  a  cbanse  m  t 
length  of  the  span.  To  reduce  the  hobuonx 
i^EFLGCTiON  without  changing  the  tenglhs 
the  members  tbey  would  have  to  be  made  excessively  heavy.      A  truss  of  t 

may  he  satisfactorily  used  by  connecting  the  two  end-pins  by  a  Tie- bod. 

Arched  Tthm  wftb  Tie-Rod.     When  a  tie-iod  is  employed  the  membi 
become  much  fighter  and  can  be  built  according  to  their  geometriol  lengtl 


^.■2rMSf>i| 


in  which  5i  is  the  stress  in  the  tie-rod,  .4'  the  area  of  the  tie-rod.  l"  the  length 
the  tie-rod  and  £'  Young's  modulus  of  ehstidty  for  the  material  compcsi 
the  tie-rod.  The  other  symbols  have  the  significance  given  above  lor  I 
eipression  for  D.  Since  the  stress  and  area  of  the  tie-rod  appear  in  the  abc 
equation  it  is  necessary  to  assume  an  area  and  then  compute  the  value  of . 
If  this  produces  a  unit  stress  in  the  tie-rod  differing  greatly  from  the  slkwa 
value,  a  new  trial  must  be  made.  Having  found  tKe  stress  in  the  lie-red.  I 
resulting  stresses  in  the  tniss-membcrs  can  be  found  graphically  from  a  stn 
diagram  which  will  be  of  the  form  shown  ia  Fig.  58b,  which  was  constructed 
a  horiionUl  force  of  1  000  lb.  The  stresses  can  be  found,  also,  by  multjplj' 
the  stresses  produced  by  one  pound  by  the  value  of  Si-  The  strmes  prodm 
by  Si  combined  algebraically  with  those  obtained  from  Fig.  5***  give  the  fi 
stresses.  The<e  stres.ses  diScr  but  little  from  those  which  obtain  fur  a  n 
HiNGEn  Apcu  of  the  form  shown  in  Fig.  68,  and  such  structures  vilb  the  1 
■OD  are  often  classed  n< 


AasunptioQ  of  Arau.    Since  the  nEFLEcrioH  of  the  truss  shown  in  F'ig. 

depends  upon  the  akeaS  of  the  members,  it  is  evident  that  they  must  be  eil 
known  or  assumed  before  the  formulas  for  D  or  St  can  he  applied.  Pot  1 1 
structure  the  abEaS  are  of  course  unknown  and  the  problem  of  determining 
stresses  becomes  one  which  is  sometimes  classed  as  cuT-AN[>-riiY.  For  the  1 
trial,  the  areas  may  be  assumed  as  unity  and  the  correspond iitK  vajur  d 
found  and  then  the  combined  stresses.  The  members  may  now  be  des^e) 
.  to  area  and  a  new  trial  made  with  these  areas.  Usually  the  second  trii 
sufficient,  as  a  slight  change  in  areas  does  not  materially  affect  the  v^ 
dSi. 
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f.  Trussed  Arches 

Symmetrical  Trossed  Arches.  The  three-hinged  arch  is  the  simplest 
loim  of  TRUSSED  ARCH,  and,  as  used  in  buildings,  it  is  usually  symmetrical  in 
fenn,  oHisistiDg  of  two  trusses  connected  by  a  pin  over  the  middle  of  the  span  and 
resting  on  a  pin  at  each  support.  The  stresses  in  the  truss-members  are  found 
by  the  ordinary  graphical  methods  after  the  reactions  have  been  determined. 


i 


a-V  >p   nV^   liV  >[«   uV  »[<   ii^' >|<  uV  4«    n'^^^'if— 
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7<T^ 

c'»   *^ 

^y^ 

'--»T 

-"M 

T| 

F!g.  60.    lliree^iinged  Arch.    Tnis»-diagram 
Fig.  59a.    Stress-diagram 


pbe  stTPPORTTNG  FORCES  are  inclined  and  may  be  resolved  into  two  components, 
me  vertical  and  the  other  horizontal.  For  symmetrical  loading  the  two  reac- 
icHts  are  equal  in  magnitude.  The  vertical  components  are  each  equal  to  one> 
pif  the  vertical  loading.  The  horizontal  components  are  equal  in  magnitude 
p0d  opposite  in  character.  The  following  examples  illustrate  the  methods  to 
ie  lolbwed  in  the  determination  of  the  stresses. 
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Tmmd  Tlue«-lilBS«d  Arcb.    Bxui«U  j6.    Fig,  59  shows  one-lull  uL 

misSED  THKEE-HINCED  AKCH  with  a  vertical  load  of  I  ooo  lb  per  top-chd 
joinl.  Fig.  59a  sbows  the  stresi-diaccun  lor  this  loidint;  but  beine  it  cui  I 
drawn,  the  verticil  md  horizontal  reulkmt  at  the  kft  •upport  mint  be  deM 
mined.  The  vertical  reiction  i>  {j  x  i  ooo)+  500-  j  500  lb  or  one-h»U  the  J 
tioil  load.  The  horizontal  componoit  or  the  hoUiONTaL  THmst  U  tbc  iM 
may  be  found  by  momcDts,    The  ccntei  of  moments  will  be  taken  at  the  nud^ 


pin  at  the  crown  as  at  this  point  ihemomrnt  is  zoo.  Theeqiutioa  oi  mana 
B  fl,  X  71-S  +  '  000  tS-'S  +  '6.15  +  IJ.IS  +  38.JS-I-  49.15  +  60.35  +  TJ.ls) 

+  jooxSi.is  -  r  500X  7875  -  o, 

or  fi,-  iBi  750 -1-71.5-3886  lb 

Having  detennined  V,  and  B,.  the  stress-diagram  ahown  in  Fi|-.  SSa  <^ 
readily  coDitnicted.  Since  the  arch  is  sjrmmettical.  it  a  necessary  to  draw  | 
one-baU  the  slrrK-diagnun.  If  the  right  half  of  the  arch  ii  tcmov^  and  m 
place  a  horizoDtal  force  applied  at  the  middle  pin,  the  magnitude  of  Um  fan 
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ST  Bi,  since,  for  equilibrium,  Ihe  algebraic  sum 
antal  forcts  is  zero. 

TImt-Ungsd  Arch.  Eiampli  37.  Fig,  60  repitseats  one-half  of 
3iEE-HiNC£D  ARCH  used  JQ  tile  Liberal  AtU  Buiklinf  of  the  Colum- 
ilioQ,  Chiiago.  111.,  iSgi,  (See  Eogineering  Recoid.  July  9,  iSgj.) 
the  stress-diagTam  for  Ihe  loading  shown  in  Fig.  60. 
tloo  of  StmMW.  In  Eiamples  jj  and  36  only  the  effect  of  vertical 
Kn  considered.  Where  tehee -hingeji  arcues  are  employed  (hey 
jgned  to  cany  dead,  snow  and  wind-loads.    The  dead  and  anow- 


F,  Md.    Trusa-diagnm 


si  loads  but  the  snow-load  is  not  symmetrical  in  all  cases.    The 

.ua.lly  cooaidercd  as  acting  normal  to  the  roof.     In  order  to  be 

aiimum  stresses  are  obtained,  the  stresses  for  Ihe  following  dod- 

i£  must  be  found  and  combined . 

AI>  i.OAi>  only, 

[>w-LOAJ>  covering  left  half  of  looi. 

DW-i-OAD  covering  right  half  of  roof. 

■n>-LAAD  acting  normal  to  roof  on  left  of  center, 

!n>-LOAi>  acting  norgul  to  nmf  on  right  of  cater. 


StresMS  in  Roof-Tnines 
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€9ses  for  the  above  conditions  of  loading  are  to  be  found  for  one-half 
h.  In  oombinlDg  the  stresses  those  which  occur  at  the  same  time  are 
i  in  deteraiining  maximums.  Many  engineers  do  not  o(»isider  snow 
loads  acting  on  the  same  portion  of  the  roof  simultaneously. 

d  Three-hinged  Arch.  Example  38.  Fig.  61  shows  one-half  of  a 
'HREE-HiNGED  ASCH  with  the  dead,  snow  and  wind-loads  indicated  at 
le  Upper-chord  joints.  This  form  of  truss  supports  the  roof  of  the 
lent  Armory,  Baltimore,  Md.,  described  in  the  Engineering  Record 
\,  1904.  The  stresses  for  the  loadings  specified  above  wiU  be  deter- 
it  will  be  shown  how  these  are  to  be  combined. 

ad  Stresses.  The  reactions  are  obtained  by  the  method  used  hi 
5.  Vi  is  77  900  lb  and  Hi  32  000  lb.  Fig.  61a  is  the  stress-diagram 
nbers  shown  in  Fig.  61. 

Left  Half  of  Span.  Assuming  that  the  snow  covers  the  portion  of 
town  in  Fig.  61  and  taking  the  center  of  moments  at  the  middle  pin, 
)y  moments  that  Vi  is  equal  to  26  700  lb  and  Hi  is  equal  to  15  000  lb. 
It  the  support  the  stress-diagram  shown  in  Fig.  61b  is  readily  drawn. 

Right  Half  of  Span.  With  the  snow  on  the  right  of  the  crown,  the 
the  span  shown  in  Fig.  61  is  unloaded.  The  total  snow-load  is 
nd  it  has  just  been  found  that  the  vertical  reaction  at  the  support 
the  loading  is  26  700  lb;  hence  the  vertical  reaction  at  the  other 
X  200  less  26  700  lb  or  14  500  lb  or  Vi  for  the  case  considered.  Since 
at  the  middle  pin  is  zero,  Vi  (half  the  span)  less  Hi  (rise  of  the  arch) 
or  i4SooX95.x6  — 2/1X92.0  »  o;  and 
>  X  95.16)  +  92  ■■IS  000  lb  which  is  the 
ad  above.  As  before,  beginning  at  the 
,  the  stress-diagram  is  constructed  as 
;.  61c. 

ering  Bntire  Span.  The  algebraic  siun 
ss  found  from  the  two  cases  above  for 
(dil  give  the  stresses  produced  by  a 
vering  the  entire  span. 

on  Left  of  Crown.    Here  no  two  of 

I>aral)el.    This  condition  increases  the 

ng  the  reactions.    These  may  be  com- 

oments,   but  a  graphical  method  is      ' '""HVi««» 

onvenient.    The  direction  and  mag-    ^.    «,       e  v  «*  • 

resultant  of  the  wind-forces  are  first  ^if:^  rnitfmo«^'3^Fn^ 
,  .  .      .  .    T^.     />,      .r       .  _.       mory,  Baltimore,  Md.  rorce 

hies.     As  shown  m  Fig.  61e,  the  wmd-     polygon 

o£F  in  order.     Then  3-13  is  the  direc- 

litude  of  the  resultant.    Next,  from  any  point  0  draw  the  strings 

and  construct  the  equilibrium  polygon  shown  in  Fig.  61d,  begin< 

Ing  string  .Si  from  A,  and  so  on  until  string  Su  cuts  the  line  BC 

ih  the  middle  pin  and  the  pin  at  the  right  support.    This  is  the 

e  reaction  at  the  right  support.    In  Fig.  61e,  from  13  draw  a  line 

and  from  O  a  line  parallel  to  So  in  Fig.  6lD,and  prolong  them  until 

.     Then  1-3  is  the  reaction  at  A  and  13-1  that  at  the  right  support. 

ie  into  vertical  and  horizontal  components,  Vi  equals  23  400  lb, 

so  lb,  V%  equals  18  000  lb  and  Ht  equals  18  600  lb.    Fig.  61f  shows 

ram  from  the  left  support  up  to  the  crown. 

jux  Right  of  Crown.  Since  the  reaction  at  A,  Fig.  61d,  produced 
lust  pass  through  the  hinges,  or  pins  A  and  C,  the  stress-diagram 
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win  be  exactly  dmikr  in  diape  to  that  shown  in  Fig.  81c;  but  the  vihifs  ol  1 
and  Hi  will  be  iS  tno  lb  and  iStoo  lb  respectively.  The  gtresees  will  bear 
direct  proporticm  to  the  stressea  found  from  Fig.  SlC,  and  hence  a  new  diaKnl 


'Pt.  61j.    5tk  Rctpmoit  Annoiy,  Baltinun,  Hi.    Stnt-diacimiB 


he  method,  consider  the  lower  chord  i-yi. 

lb 
[a)  Dead-loai.  stresa.  +  ii  loo 

(t)  Snow  on  left  of  crown,  —  14  joo 

{c)  Snow  on  right  of  (Towo,  +37800 

H)  WiNO-uiAD  on  left  of  crown,  -  31  600 

(<)  WiND-LOU)  on  right  of  crown,  +  46  900 

{/}  Snow  over  all,  +  23  goo 

Total  stress  without  wind,  +  59  900 

(a)+ W.  +69000 

(11)+ (d),  -   9500 

<es  are  69  000  lb  cnmpreasion  and  9  500  lb  tension,  assna 
ing  that  the  wind  and  snow-loads  are  not  considered  to  act  on  the  same  side  ■ 
the  crown.  If  no  such  restriction  ia  made,  the  maiimum  stressea  are  106  Soo  I 
compression  and  33  Soo  lb  tension.  In  a  like  manner  the  maTimum  sties  I 
each  member  of  the  truss  it  delcrmlned.  Tables  XIX  and  XX  give  tbe  MM 
anm  steesb  for  the  members  shown  in  Fig.  81. 

Streai-DiagraDit  for  Three-hinged  Archat.  ThesTtt£ss.DiACRAMsint) 
above  cases  are  very  difficult  to  ccmstruct  on-ing  to  tbe  great  number  of  En 
and  the  difficulty  in  drawing  them  exactly  parallel  to  the  lines  of  tbe  trai 
diagram.    One  or  more  members  should  be  computed  as  a  check  on  the  giad 

Tlirae-hliiced  Arch  with  If e-Bod.  The  iatroductiim  of  a  TfE-B(M>  f™i<tj 
ing  the  eitd-pins  of  a  laiEE-fliMOED  akch  and  pbdng  rollbss  under  <me  ■ 
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cfasnges  the  akch  into  a  simple  tkuss  composed  of  three  members, 
1  rafters  and  a  horizoatal  tie.  Under  vertical  loading,  the  support- 
ire  vertical,  but  for  wind-loads  the  supporting  force  at  the  end  with- 
is  inclined.  The  stresses  in  the  truss-members  are  the  same  as  found 
he  IHIEE-HINGBD  ARCH.  The  stress  in  the  tie-rod  equals  the  hori- 
st  found  above  at  the  roller-end  for  the  given  loading.  The  support 
-end  is  designed  for  vertical  forces  only,  while  the  support  at  the  other 
ssist  the  vertical  reaction  and  the  total  horizontal  component  of  the 
K  on  the  structure,  or  for  roofs  the  horizontal  component  of  the  wind- 
is  is  very  much  smaller  than  the  horizontal  force  which  must  be 
m  the  structure  is  without  a  tie-rod  or  a  true  three-hinged  arch. 

TaUe  XIX.    Threv-Uaged  Arch.    Chord-Stresses 

Thousand  pounds 


Dead 

1 

Snow  on 
left  of 

Snow  on 
right  of 

Snow 
over  all 

Wind 

on  left 

of 

Wind 

on  right 

of 

Max.  stresses 

1 

load. 

[g.  01a 

crown. 
Pig.  6lB 

crown. 
Fig.  61c 

the  roof 

crown. 
Pig.  6lF 

crown.* 
Fig.  61C 

Ten 
sioii 

Com- 
i     preGfiton 

-  2S.2 

+  6.1 

—  2,1 

+    4.0 

+25.6 

-  2.6 

•  ■  •  1 

50.8 

■    6.3 

-  7.0 

-14.0 

—  21.0 

+32.8 

-17.4 

30.1 

r        26.5 

18.7 

-13.2 

-21.4 

-34.6 

+42.6 

—26.5 

58.^ 

\        23.9 

19.0 

-13.9 

-22.8 

-  36.7 

+45.8 

-38.3 

61.2 

1        26.8 

22.4 

-ISS 

-28.0 

-  43.5 

+58.7 

-34-7 

72.e 

)        36.3 

26.8 

—15.8 

-35. 1 

-  50.9 

+73.8 

-43.5 

86.1 

t        47.0 

26.6 

—  II. 2 

-41.0 

—  42.  a 

+85. 3 

-50.8 

88.( 

)        58.7 

22.0 

-3.9 

-44.6 

-  48.S 

+90.7 

-55. 3 

81.2 

I        68.7 

13.3 

+  7.8 

-44.8 

-  370 

+89.6 

-55.6 

68.C 

)        76.3 

3.7 

-h20.2 

-41.7. 

-  21.5 

+81.9 

-51.7 

55.^ 

\        78.2 

6.4 

+30.0 

-33.5 

-    3.5 

+67.2 

-41.5 

35.] 

t        73.6 

14.3 

+30.0 

—20.6 

+    9-4 

+47.2 

-35.5 

II.: 

r        61.5 

18.7 

+19-3 

-  2.8 

+  16.5 

+23.3 

-  3.5 

•  ■  •  « 

42.0 

21.8 

+22.6 

-  3.3 

+  19-3 

+27.8 

-  4.1 

■  •  ■  I 

49.6 

18.8 

-  54 

+21.9 

+  16.5 

-  6.7 

+27.2 

•  •  •  « 

46.0 

22.x 

-14.3 

+37.8 

+  23s 

-31.6 

+46.9 

9.! 

;      69. c 

33.3 

—  II. 3 

+51.9 

+  40.6 

-53.2 

+66.0 

19. « 

>      99  3 

47.7 

+  2.1 

+61.0 

+  63.1 

-69.5 

+75.6 

21. { 

I     125.4 

63.0 

4-18. 1 

+64.8 

+  82.9 

-78.3 

+80.4 

15.: 

\     161. 5 

18.4 

+31.  S 

+65.1 

+  96.6 

-80.1 

+80.7 

61.: 

r     130.6 

90.3 

+41. 1 

-f6l.8 

+102.9 

-75.0 

+76.6 

■  «  • 

aoS.o 

9«.7 

+45.7 

+55.8 

+101. 5 

-6a.8 

+69.2 

•  ■  • 

313.6 

02.6 

+46.0 

+48.S 

+  94.5 

-46.3 

+60.1 

•  ■  •  < 

308.7 

01.8 

+42.9 

+40.0 

+  82.9 

—26.0 

+49.6 

•  ■  • 

194.3 

0!2.3 

+42.3 

+37.9 

+  80.2 

-20.3 

+47.0 

•  •  • 

191. 6 

86.7 

+34.8 

+29.3 

+  67.7 

-9.6 

+36.3 

•  •  • 

157.8 

59.5 

+22.4 

+16.2 

+  38.6 

+  3.9 

+30. 1 

•  •  • 

102.0 

77-4 

+29-2 

4-21.0 

+  50.2 

+  5.2 

+26.0 

•  ■  ■ 

133.6 

*  By  proportion,  18  600  :  15  000. 


id  HO  Rollers.  If  the  rollers  are  omitted  and  a  ns-ROD  b  used, 
ic  tie-rod  and  the  reactions  are  indeterminate.  They  depend  up<m 
giditics  of  the  tie-rod  and  the  material  composing  the  supports. 
is  made  very  heavy  so  that  its  stretch  will  be  very  small  when 
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stressed,  the  stresses  in  all  members  of  the  structure  may  be  taken  the  same 
found  for  the  condition  where  rollers  are  used,  and  the  horizontal  component 
the  wind-load  equally  divided  between  the  supports. 


Table  XX.    Three-hmged  Arch. 

Thousand  pounds 


Web-Streu6s 


Snow  on 

Snow  on 

Wind 

Wind        Max.  stftisses 

Member, 
Fig.  61 

Dead 

load. 

Pig.  61 A 

left  of 

crown. 

Fig.  6lB 

right  of 
crown, 
Fig.  61C 

Snow 
over  all 
the  roof 

on  left 

of 

crown. 

Fig.  6  If 

on  risht 

of 
crown,*      ^^•*- 

Pig.Olc      sion 

1 

Com 

prwstt 

39-38 

-  4.9 

-3.8 

4-a.i 

-  1.7 

-13.7 

4-  2.6       16.5 

•  •  -  ■ 

36-37 

+10.4 

4-  0.3 

4-I4S 

-fi4.8 

-18.S 

4-18.0 

8.1 

2«.7 

34-35 

+14. 5 

4-8.3 

-fi3.o 

-1-21.3 

-18.6 

4-16.1 

4.1 

38.9 

32-33 

+17.8 

4-12.7 

4-10.6 

-f23.3 

-IS.  4 

4-13.1 

•   ft  • 

43.« 

30-31 

4-19-7 

4-13.8 

4-76 

-f2l.4 

-10.7 

4-9-4 

»  •   •  • 

42.9 

2&-29 

+20.3 

4-12.3 

4-4.7 

4-17.0 

-  4  9 

+  5-8 

■  •  tt  • 

3S.4 

26-27 

+18.7 

4-9-3 

4-  1.2 

4-10. S 

4-  3.4 

4-  i-S 

r    •    ■    * 

29  5 

24-25 

+15. 3 

4-  5-4 

-  1.8 

4-3.6 

4-10.8 

—  2.2 

>    *    ■    • 

aS.i 

22-23 

4-10.2 

4-  1.5 

-  SI 

-  3.6 

4-19-0 

-6.3 

»  •   a   > 

292 

20-21 

4-  9-9 

4-  3-5 

4-  2.0 

4-  SS 

-H  2.4 

-H  2.5 

■    •    •   • 

15  9 

18-19 

-  0.7 

-  9.3 

-  2.7 

—12.0 

4-  6.6 

-  3.3          3 

133 

59 

16-17 

-13.6 

-  6.8 

-  8.1 

-14.9 

4-10.9 

—10.0       ; 

JO. 4 

*  <  •  • 

14-15 

-42.3 

-15.9 

-11.4 

-27.3 

4-  2.8 

-14.1 

72.3 

•  >  •  • 

37-38 

-  7.1 

-fll.2 

—22  0 

—10.8 

-h29.8 

-27.3       i 

23-3 

22.7 

35-36 

—12.9 

-  3  5 

-16.3 

—19.8 

4-24.9 

—20.2       ; 

36-6 

I2.a 

33-34 

-16.8 

-15-8 

-10.4 

-26.2 

-1-18.8 

—12.9       i 

15. S 

2.0 

31-32 

-17  9 

—  19.2 

-  42 

-23.4 

-i-io.o 

-  5.2 

12.3 

•  -  •  • 

29-30 

-179 

-17.0 

4-  0.6 

—16.4 

-i-  1.4 

•4-  0.7      ; 

34.9 

•  •  •  « 

27-28 

-14.1 

-11.6 

4-S.o 

-  6.6 

-  7.4 

4-6.2 

257 

«  •  •  « 

25-26 

-  9  4 

-  5  3 

4-87 

-f  3.4 

—17.0 

-1-10.8 

26.4 

1.4 

23-24 

-  4.7 

4-0.4 

4-11.0 

-hir.4 

-23.3 

4-13.6 

28.0 

93 

21-22 

-f  3.0 

+  5-2 

4- 13  I 

4-18.3 

-29. 5 

4-16.2 

26  5 

244 

19-20 

4-  0.8 

4-  1.6 

4-3.1 

4-4.7 

-  7.4 

-f  3.8 

6.6 

63 

17-18 

-1-18.5 

-f  9-2 

4-10  9 

+20.1 

—  14-8 

4-13-S 

■   •   ■  ■ 

41  2 

IS-16 

4-36.3 

+16.8 

4-17.8 

-f34  6 

—19. 1  !  4-22,1  ' 

•  •  •  • 

75  2 

*  By  proportion,  i3  600  :  15  000. 

Changes  in  Temperature  do  not  seriously  altect  the  stresses  in  the  memb( 
of  a  TRUE  THREE -HINGED  ARCH,  or  oue  with  a  tie-rod  and  rollers  at  one  a 
as  the  change  in  geometrical  shape  is  quite  small.  For  the  arch  with  a  tieni 
and  no  rollers,  the  efifect  of  changes  in  temperature  may  affect  the  suppocti 
forces  if  the  tie-rod  is  not  so  protected  that  it  will  change  but  little  from 
average  temperature.  In  most  structures  this  is  the  case  as  the  tie-rod  is  m 
imder  the  floor  of  the  building. 

The  Two-hinged  Arch  differs  essentially  in  construction  from  the  IHU 
HINGED  ARCH  in  having  only  two  pins  or  hinges  which  are  placed  at  the  suppu 
Fig.  62  shows  the  form  of  truss  which  will  be  used  in  explaining  the  method] 
finding  the  stresses  in  the  members  of  the  truss. 

,  Supporting  Forces.  The  supporting  forces  are  inclined  but  can  be  1 
solved  into  vertical  and  horizontal  components.  The  vertical  componeets  I 
readily  found  as  they  are  the  same  as  for  a  simple  truss  on  two  supports.  1 
horizontal  components  depend  upon  the  areas  of  the  members  and  their  noof 
OF  ELASTicriY  when  the  dimensions  of  the  truss  and  the  loading  are  knowa. 
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tal  Thmst  for  Vertical  Loads.    This  can  be  found  from  the  formula 

Sul     ^^  uH 
AE 


-.-2S-2 


ymbols  have  the  significance  given  on  page  xo86.  But  this  contains 
n  area  A  for  each  piece.  For  a  preliminary  trial  the  procedure  is  as 
the  truss  shown  in  Fig.  62,  divide  the  span  into  twenty  equal  parts 
enters  of  the  divisions  erect  verticals.  Through  the  points  on  these 
dway  between  the  chords  of  the  truss,  draw  a  smooth  curve  as  shown. 
U  be  designated  the  axis  of  the  a&ch.    Number  the  points  desig- 


j,j^ 


Fig.  62.    Two-hinged  Arch.    Truss-diagram 


'.,  3,  3f  etc,  as  shown  in  Fig.  62,  and  let  x  and  y  be  their  codrdi- 

left  support  as  the  origin.    Scale  the  length  of  the  curve  between 

the  divisions  so  that  y  is  practically  the  ordinate  of  the  center  ot 

H  of  curve,  and  call  this  length  of  the  curve  ds.    On  a  radial  line 

lumbered  i,  2,  3,  etc.,  scale  the  distances  between  the  upper  and 

calling  the  distance  h  and  compute  HA*—/,  which  expresses, 

the  MOMENT  OF  INERTIA  of  the  section  when  the  chord-areas 

the  web-members  are  neglected.    Let  M  represent  the  bending 

point  having  the  abscissa  x,  of  the  loads,  considering  the  truss  as 

on  two  supports;  or,  for  a  single  load  jP,  M  ^  Rx^  P  (x—  a), 

than  a,  where  a  is  the  distance  of  the  load  P  from  the  left  sup- 

$j  -f-  EI  is  represented  by  ^  the  horizontal  thrust  can  be  found 
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For  the  vertical  loading  shown  in  Fig.  62,  the  value  of  B\  is  io8  ooo  lb,  and  1 
being  one-half  the  total  load,  is  19s  000  lb.  The  stresses  in  the  members  of  I 
truss  can  now  be  found  by  the  usual  graphical  method.  The  snow-load,  if  a 
must  be  treated  in  a  like  manner.  The  computations  are  considerably  shovti 
since  2y^  remains  unchanged,  regardless  of  the  loading. 

Wind-Loads.  For  wind-loads  the  process  is  not  changed  very  mudi.  T 
value  of  i/  is  the  moment  of  the  wind-loads,  assuming  the  truss  as  hinged 
the  right  support  and  on  rollers  at  the  left  support.  The  value  of  \\,  whiil 
vertical,  is  found  by  taking  the  simi  of  the  moments  of  the  wind-loads  ata 
the  hinge  at  the  right  support  and  dividing  this  by  the  length  of  the  spi 
The  value  of  Hi  is  found  from  the  formula  given  above,  and  then  the  stxes 
are  found  by  the  ordinary  stress-diagram.  The  iCAxniUM  stresses  are  now  fou 
and  the  proper  areas  of  the  members  determined. 

The  Trae  HorisMital  Thrust.  The  method  just  given  is  a  close  appro 
mation  to  determine  the  areas  of  the  pieces  so  that  the  correct  formula  for . 
con  be  applied.    This  formula  is 


H, 


SStU 


AE 


w^here  the  symbols  have  the  meaning  already  given.    Appljring  this  fonni 
for  the  dead  load  shown  in  Fig.  62  and  areas  shown  in  Fig.  58,  the  value  of . 

is   1 10  600  lb,  whidi   is   b 

^ 


I^U'12 


ssooo 


48T00 
14 


«5aoO: 


F!g.  62a.    Two-hinged  Axch.    Stress-djagram 


little  different  from  the  val 
found  by  the  appaxHdmj 
method. 

Dead-Load  Stresses.  T 

stress-diagram  for  the  dk 
load  is  shown  in  Fig.  63 
Considerable  care  must 
sxercised  in  drawing  the  stre 
diagrams,  and  their  correi 
ness  should  be  checked  I 
computing  the  stresses  in  « 
or  more  pieces.  Compaie  F 
62a  with  Fig.  58a. 

Changes  in  Temperatai 

Unlike  the  three-hinged  as 

the      TWO-HINGEO        ARCH 

affected  by  changes  in  temperature  and  the  stresses  which  are  produced 
such  changes  must  be  provided  for.     Vi  >-  O  and  Hi  is  determined   fTom  1 
formula 

where  e  is  the  coefticient  of  expansion  for  the  material  oompasms  the  txi 
/"  the  number  of  degrees  change  in  temperature  and  L  the  span  of  the  tn 
The  other  ^mbols  have  the  significance  already  given.  The  abov«  focm 
assumes  that  the  truss-members  are  of  the  same  kind  of  material.  After 
has  been  found,  the  stresses  can  be  determined  by  constructing  Uie  stiess-d 
gram  which  will  be  of  the  shape  shown  in  Fig  58b. 

Tie-Rod.     If  a  tie-rod  connects  the  two  supports  of  a  TWo-BiNctx»  j^ 
the  remarks  made  concerning  such  an  arrangement  for  the 
arch  apply  bene. 
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Etd  Arch  has  no  hinges  and  is  a  type  which  is  seldom  employed  by 
in  the  trus&-fonu.  The  rigid  analysis  of  a  trussed  fixed  arch  is 
ind  tedious,  so  a  few  formulas  will  be  given,  necessary  for  the  solution 
WITH  SOLID  WEBS,  such  as  PLATE -GIRDER  ARCHES.  These  formulas 
»plied  to  truss-forms,  where  the  chords  are  approximately  parallel, 
rious  error.  Midway  between  the  top  and  bottom  chords  draw  a 
vc,  called  the  arch-axis,  and  designate  the  distance  between  its  ends 
:  span  or  IHE  AXIS.  Divide  the  span  into  n  equal  parts  and  at  the 
these  divisions  draw  perpendiculars  tmtil  they  cut  the  arch-axis. 


»7  *8  ^»  iPw    I        ' 

.  —  ^oao  of  Axis  «  L  •  n^o;  I 


Fig.  63.    Fixed  Acch.    Tniss-diagram 

points  I,  2,  3,  etc.,  as  shown  by  Fig.  63,  which  also  indicates  the 
i  employed. 

tisaof  Ifb  Vi  and  Hjyi.     The  equib'brium«poIygDn  lor  a  single 

is  shown  in  Fig.  63,  in  its  true  position  with  reference  to  tiie  arch- 

>cates  the  point  of  application  of  Hi.    The  following  formulas  are 

(proximations  for  arches  having  a  rise  greater  than  one-eighth  the 


Hi 
A" 


ZyK 


n 


Bty 


«.      ^ 

^''H 


KTiifi  ^        „  ZyK       ( Zmr^K 


ZK 


yi  = 


ZfnxyKjz  —  n) 
n^ZK  -  Zz^K 

Exyx 


'] 


Hi 


i  down  from  A  when  Hiyi  is  negative.    Z  is  the  sum  of  quantities 
f  cack  point  on  the  arch<axis  numbered  i,  2,  3,  .  .  .  n.    For 


2^ 


(i),-(i),*(i). 


+  etc 
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7  is  the  moment  of  inertia  of  the  chords  about  an  axis  midway  between  thJ 
The  sections  of  the  chords  are  to  be  taken  on  radial  lines  passmg  through  point! 

2,  3,  etc.    X  and  y  are  the  coordinates  1 
the  points  x,  2,  3,  etc,  in  Fig.  63 


ax 

2 


2M 


mxv  is  the  moment  at  the  point  on  tl 
arch^azis  having  the  co6rdinates  xy  aasoi 
ing  that  the  given  loading  is  supported  I 
the  axis  hinged  at  the  right  end  and  4 
rollers  at  the  left  end.  ri  is  the  leactM 
at  the  left  support  under  the  conciitiot 
specified  for  mxy.  In  the  above  fonnub 
the  only  terms  which  depend  upon  t) 
loading  are  those  containing  mxw  and  i 
the  others  being  constant  for  any  givt 
arch.  While  but  one  load  has  been  use 
any  number  may  be  used  by  consideni 
mxy  and  n  as  the  sum  of  the  respectn 
quantities  for  each  load. 

StreiSM.    The  stresses  in  the  tna 

members  can  be  found  by  the  ordinal 

graphical  methods  when  Hi,  Vi  and  A 

are  known.    For   example,   assume  n 

numerical  values  shown  in  Fig.  64.     Tl 

resultant  of  Vi  and  J7i  is  resolved  inl 

two  components  parallel  and  perpendi 

ular  to  the   bottom*chord    member   t 

the  support.    Then  T  must  act  at  tl 

upper-chord  joint  as  shown.    The  two  reactions  parallel  to  the  bottom  dMi 

are  found  by  moments.    The  stress-diagram  can  now  be  drawn  beginning  wil 

these  forces  and  proceeding  until  the  right  support  is  reached. 

Symmetrieal  Loading.    When  the  loading  is  symmetrical,  B^i^H^t    ai 
hence  Vi  'fi.    Also 

„  „  ZyK      ZmxvK 

Hiyi 


Fig.  64.    Fixed  Arch.    Reactions 


Hi 


ZK 


SJC 


Changes  of  Temperature.    For  temperature-changes, 

Ht  -  rf*L  +  ZyA" 
TyK 


Eiffi  ^H^t  '^Ht 
llyK 


yi 


Sir 


r, -o 


10.  Arches  with  SoUd  Ribs 

Arches  with  Solid  Ribs.    While  this  chapter  considers  tkusses  only, 

may  not  be  out  of  place  to  briefly  consider  arches  having  solid  »n^s  11 
computations  for  Vi,  Hi  and  £^1^1  remain  unchanged,  excepting  that  /  Do«r 
the  moment  of  inertia  of  the  radial  section  of  the  rib  at  points  i,  2,  3,  etc 
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eswi.  If  X  and  y  are  the  codrdinates  of  any  point  on  the  gra\nty- 
rib,  which  should  coincide  with  the  arch-axis,  the  bending  moment 
t  is,  for  each  load, 

tive  when  y\  is  measured  below  A  in  Fig.  64. 

Mr*fC      iVry 

S H 

I  A 

be  distance  from  the  gravity-axis  to  the  outermost  fiber.    For  the 

££E-^NGEO  AKCCES,  Hiffi  -O. 

«ar.  Let  Hx  be  the  algebraic  sum  of  all  the  horizontal  components 
>f  the  section,  Vx  the  algebraic  sum  of  all  the  vertical  components 
>f  the  section  and  0  the  angle  which  the  radial  section,  upon  which 
wanted,  makes  with  the  vertical.    Then  Tx  -  Vx  cos  0—  Hx  sin  0. 

^ed  Parabolic  Arch.  If  the  center  line  of  the  solid  rib  is  a  par- 
1  £/  cos  9  is  a  constant,  the  following  simple  formulas  give  the 
and  Hi'. 

i-*)-Qj*(i-*) 


a-i-  L  (Fig.  63),/  is  the  rise  of  the  axis,  P  is  the  vertical  load  acting 
le  horizontal  load  acting  from  left  to  right  and  h  is  the  moment  of 
section  of  the  rib  at  the  crown. 

'abolic  Arch.  In  like  manner  the  following  formulas  apply  for 
out  hinges: 

. -^^P*«(i-*)«-0  }i  +  *«(- 15+50*- 6oife»+24A>)( 
4/ 

-«(i-*)«(5A-2)-/Q[2*(i-*)M2-7*  +  8*«)} 
2 

AJ  2/      • 

the  factors  containing  k  in  the  above  formulas  are  given  in  tabular 
atise  on  Arches.* 

■ches,  with  solid  ribs  of  constant  cross-section  and  the  center  line 
rde,  may  be  considered  by  using  formulas  somewhat  similar  to 
r  PARABOLIC  ARCHES  but  very  much  longer  and  more  complex. 
tables  for  their  solution  are  given  in  the  treatise  on  arches  referred 


on  Arches,  by  Malverd  A.  Howe,  John  Wiley  &  Sons,  Inc.,  New  York. 
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11.  Influence-Lines  for  Simple  Beams  tad  Tmstet 

An  Influence-Line  is  a  line  showing  the  variation  in  any  function  at  a 
section  of  a  beam  or  for  any  member  of  a  truss,  caused  by  a  angle  load  mo\i 
across  the  span.    For  convenience  the  load  is  usually  considered  as  unity. 


Fig.  65.    Influence-lines.    Reactions  for  Beams 

Reaction  for  a  Single  Load.  If  the  load  P,  Fig.  65»  moves  from  A  tom 
B,  the  left  reaction,  when  P  is  distant  x  from  B,  is  expressed  algebraically 
i?i »  Px  -^  Ly  which  is  an  equation  of  a  straight  line.  If  x  —  o,  l^i «  o,  I 
if  X  e  L,  i?i  -»  P.  If  we  make  ac^  P  and  draw  the  two  straight  lines  ^b  aod 
the  ordinate  de  immediately  below  P  is  the  value  of  Ri  for  this  position  ol 
If  oc  ■»  unity,  then  Ri^  P  (dc). 


Fig.  66.    Influence-lines.    Reactions  for  Beuns 


Fig.  67.    Influence-lines.    Momenti  for  Beams 

Reaction  for  More  than  One  Load.    The  reaction  for  any  nuBfai 

concentrated  loads  can  be  found  as  shown  in  Fig.  66. 

/?,  «  P,fli  -I-  Pads  -I-  Pias  +  Piat 


Bending  Moment  for  a  Single  Load.    The  moment  at  C,  Fig.  67.  wl| 

^.    When  the  load  is  at  C,  If- P^ 


«s  on  the  right  of  C,  is  if  ->  Rxa 
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it  B,  M»  o.    For  all  positions  of  P  upon  the  left  o(  C,  M  "  RJf 
~.    When  P  is  at  .4,  Jf  -  o,  and  when  at  C,  Jf«P^^"^^^^ 


(fl)  (b) 


,  then  the 


.    If  in  Fig.  67  the  figure  rnng  is  drawn  with  fg ' 

C  for  any  load  in  any  position  is  P  (de). 

Moment  for  Any  Nwnber  of   Conceatrated  Loads.    The 

the  point  C  for  the  loading  shown  in  Fig.  68  is  If  •  Pi(h  +  P^m 


I 


a ^ , ^ 


Fig.  68.    Influence-Kncs.    Moments  for  Beams 

14.  This  gives  the  moment  at  C  for  a  given  position  of  the  loads^ 
>t  necessarily  the  greatest  moment  which  these  loads  may  cause, 
r  position  may  cause  a  greater  moment.  The  greatest  moment  at 
when  some  concentration  is  at  C.    Let  P  be  this  concentration  and 


— # 


— ^ 


Fig.  69.    Infiuenoe^ines.    Moments  for  Trusses 

>e  divided  into  two  parts*  »P  and  mP  so  that »+  m  -  i,  and  n  is 
ero  and  less  than  i.    The  maximum  moment  at  C  will  occur  when 


n  the  beam  where  any  given  moving  load  causes  the  greatest 
EKT  is  so  situated  that  the  middle  of  the  span  is  half-way  between 
Iter  of  gravity  of  the  load.  Since  a  concentration  will  always  be 
a  few  trials  will  determine  the  proper  concentration  to  use.  For 
equal  concentrated  loads  should  be  placed  on  the  beam  %  that 
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the  middle  of  the  span  is  at  the  quarter-point  between  the  concentratioos.     1 
MAXIMUM  MOMENT  falls  Under  the  concentration  nearer  the  middle  of  the  span 

Chord-Member  in  Truss  with  One  Set  of  Web-Members  Veiticai. 
Fig.  69  the  top  chord  member  UtU»  has  its  center  of  moments  at  Ls  and  1 
bottom  chord  member  LiU  at  Ut.  The  influence-diagkam  for  the  xnoTxia 
at  Li  and  Ut  is  precisely  the  same  as  shown  in  Fig.  67.  The  moment  produc 
by  any  load  P  is  P  {de).  As  long  as  one  set  of  web-members  is  vertical  1 
INFLUENCE-DIAGHAM  Will  be  identical  with  that  shown  in  Fig.  69,  resarrll 
of  the  inclination  of  the  diagonals  or  the  chord-members. 

Chord-Members  in  Truss  with  Inclined  Web-Members.    The  moma 

at  points  in  the  loaded  chord.  Fig.  70,  have  influence-diagrams  identical  wi 


C    Ug 


Fig.  70.    Influence-lines.    Moments  for  Trusses 


Fig.  71.    Influence-lines.    Shear  for 


that  shown  by  Fig.  69.  For  the  unloaded  chord  a  slight  modificaitiofQ  must  i 
made.  For  example  let  Ut  be  a  center  of  moments,  then  if  the  loads  were  «■ 
beam,  mgn  would  be  the  influence-diagkam  (Fig.  70).  For  all  loads  on  I 
left  of  Li  and  on  the  right  of  Lt  the  diagram  is  correct  and  the  moments  at  i 
-  Pjfli  and  PtOi.  For  loads  between  Li  and  Lz  draw  the  line  rs^  The  nK»DC 
at  i/s  is  Piat. 

Web-Members  of  Trusses  with  PsrsUel  Chords.    Fig.  71.     The  stn 
fn  UiLi  equals  the  shear  in  the  panel  LiLt  multiplied  by  the  secant  of  9.    13 
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DIAGRAM  will  be  drawn  for  the  shear.  For  any  load  between  Ls 
shear  in  this  panel  equals  Rt;  henoe,  with  o^  as  a  reference-line,  ba' 
ENCE-UNE  for  Rt  and  the  shear  is  i'fOi,  PjOs,  etc.,  until  the  point  Lt 
In  like  manner  af  is  the  influence-line  for  Ri  and  the  shear  for 
!  left  of  I9  is  Pia\.  The  shear  for  the  loads  P2  between  Ls  and  £3 
t  ambunt  of  Pj  which  is  transferred  to  I4.  The  influence-dxagkam 
ions  of  P%  on  a  span  L^L^  is  f/'e.  The  shear  in  this  {umel  due  to  P2 
ss  P2  {d'c)  or  P2a9.    A  load  at  k  produces  no  shear  in  the  panel. 

12.  Secondary  Stresses  in  Truss-Members  * 

7  Stresses.  In  the  determination  of  stresses  in  a  truss  it  is 
med  that  they  act  along  the  gravity-axis  of  each  member;  that 
axes  of  all  members  at  any  joint  meet  at  a  common  point;  that 
s  are  free  to  tiun  around  this  point,  the  joints  being  considered 
and  that  all  loads,  including  the  weights  of  the  members,  are 
he  joints  only.  The  stresses  determined  with  these  assumptions 
irect  stresses,  sometimes  called  primary  stresses  or  main  stresses. 
Lions  made  are  not  realized  in  practice  and  other  stresses,  called 
stresses,  are  induced.  An  eccentricity  causing  bending  moment 
i  common  case  of  the  rivet-line  not  coinciding  with  the  gravity- 
ngles  connected  with  one  leg  only  are  used  to  resist  direct  stress. 
^-axes  of  members  about  a  joint  do  not  intersect  at  the  same  point 
lents  are  induced.  The  resistance  of  a  joint  to  free  angular  move- 
truss  deflects  also  induces  bending  moments.  The  weights  of 
id  inclined  members  add  slight  bending-stresses  to  the  direct 
»e  members.  At  the  supports  there  will  be  a  resistance  to  hori- 
rmation  from  temperature-changes  and  the  deflection  of  the  truss. 
>f  this  resistance  depends  upon  the  coefficient  of  friction  between 
the  support,  the  vertical  loads  and  the  length  of  span.  Members 
md  imperfect  workmanship  are  other  causes  of  secondary  stresses. 
the  desgn  and  fabrication  secondary  stresses  in  ordinary  roof -trusses 
)ve  causes  need  not  be  considered  seriously.  The  main  causes, 
secondary  stresses  are  yaulty  details.  The  actual  shearing- 
nes  found  in  details  is  much  more  than  the  direct  shearing-stress, 
xaamuciTY  in  the  lines  op  stress-action.  Eccentric  riveted 
nay  not  be  wholly  avoided  but  they  should  be  reduced  to  a  mini- 
listory  of  bridge  and  building-failures  is  mostly  a  story  of  faulty 
tnicture  has  seldom  given  way  for  lack  of  strength  in  the  main 
ut  if  the  strength  of  a  structure  is  measured  by  the  strength  of 
art,  it  can  be  only  as  strong  as  the  weakest  detail.  Because  of 
ions  that  induce  large  secondary  stresses,  insufficient  lacing  of 
nembers  and  careless  grouping  of  rivets,  have  all  invited  disaster, 
ice  of  the  detailer's  work  is  often  underrated.  What  is  usually 
e  designing  of  a  structure  may  be  comparativdy  easy  while  the 
ay  be  difficult.  A  well-designed  structure  may  be  spoiled  by 
.  The  detailer  should  be  a  designer,  that  is,  a  designer  of  details, 
ne  time  the  designer  should  be  thoroughly  familiar  with  detailing. 

*  From  Notes  by  Robins  Fleming, 
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CHAPTER  XXVni 

DESIGN  AND  CONSTRUCTION  OF  BOOF-TKUSSES 

By 
MALVERD  A.  HOWE 

PROFESSOR  EMERITUS  OP  CIVIL  ENGINEERING,  ROSE  POLYTECHNIC  DTSTITUTI 

1.  Design  of  Wooden  Trusses 

Proportioning  the  Members.  In  Chapter  XXVII  it  has  been  shown  ht 
the  STRESSES  in  the  members  of  a  truss,  supporting  known  loads,  ixt^  be  fool 
The  next  step  is  to  proportion  the  members  for  the  stresses  wliich  they  hi 
to  resist.  The  methods  employed  and  the  allowable  unit  stresses  are  gi« 
in  detail  in  Chapters  XI  to  XVI,  inclusive.  For  example,  tension-members  a 
considered  on  pages  385  to  400;  steel  strut-beams  and  tie-beams  on  paces  s. 
and  57a;  and  wooden  strut-beams  and  tie-beams  on  page  653.  As  a  matl 
of  convenience  the  ttnit  stresses  used  in  this  chapter  are  given  in  the  f oUowv 
table  in  a  condensed  form.    White  pine  is  here  used  for  the  wooden  trusses. 


Table  L    AUowahte  Unit  Stresses  Used  ia  TruM-Deeign  * 

Material 

Kind  of  stress 

Safe  unit  stxei 
lb  per  sQ  in 

White  pine 

Tension  with  the  grain 

TOO 

50 

X  100 

Tension  actoes  the  grain 

Cxxn  prcssion  on  cnQ^ri  ocrs .  •••.••..•....... 

CompreGsion  acroes  the  grain 

aoo 

Compression  across  the  grain,  round  pins. . 
Columnsf  under  15  diam  long 

200 

X   lOO 

M 

Shear  with  the  grain 

100 

M 

Shear  across  the  srain 

40O 

M 

Transverse,  fiber^tresB 

too: 

13  OQO 

Wrought  iron 

«« 

«« 

Rods  in  tension 

Bolts  in  shear 

7SOO 

ic  000 

B<^ts  in  bearinc 

Bolts  in  bendine.  fiber-str*»«vs  . ,    

IS  000 
t6  000 

;  Rolled  steel 

Rods  in  tension 

Bolts  in  shear 

•I 

M 

........ 

\                         "                     

Bolts  in  bearinsT 

30  ocx> 

Bolts  in  bending,  fiber^tress 

9  a  000 

Beams  in  bcndias*  fibsc^stxws 

x6<Mo 

zo  000 

Beams  in  shear 

1 

*  See  also,  the  tables  on  pages  376, 412,  449^  454.  557, 647  and  x  aoo.  These  zztiutJ 
modified,  when  necessary,  to  comply  with  building  laws.  White  pine  is  used  for  tl 
examples  in  this  chapter  because  of  the  difficulties  in  making  the  joints  owing  to  the  m 
ative  softness  of  the  wood.  If  one  can  design  a  truss  in  white  pine  he  will  have  do  trodl 
with  the  design  of  trusses  constracted  with  other  kinds  of  wood. 

t  Sec.  also.  Table  I.  page  A49,  and  TaWe  XVI,  page  647-  1 

tThe  Borough  of  Manhattan,  New  York,  Building  Code  (19x7)*  gives  x  aoo  ff«r  4 
value.    Other  values  are  about  the  same  as  in  the  taUe. 

Inclined  Surfaces  of  Wood.    The  normal  inten^ty  of  the  stRSS  on 
surfaces  may  be  foimd  from  the  empirical  formula 

f  -  ff  +  (^  -  qKe/90)* 
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;uals  the  pennissible  nonnal  unit  stress  on  this  incHned  surface,  q 
the  fibers  P  that  on  the  end  of  the  fibers  and  0  the  angle  the  inclined 
:es  with  the  direction  of  the  grain.    For  white  pine  this  gives 

f  -  200  +  ^/9 

Pins  on  End-Fibers.*    For  all  practical  purposes  the  permissible 
may  be  taken  as  the  mean  of  p  and  q;  or,  for  white  pine 

H  0+  q)  ■■  650  lb  per  sq  in 

Columns  over  Fifteen  Diameters  Long.  The  formula  f  used  in 
T  and  considered  amply  conservative  by  many  engineers  is  the 
>roved  by  the  American  Railway  Engineering  and  Maintenance  of 
ation  in  1907.    For  white  pine  this  formula  is 

5i  -  5  (i  - ;/6oi)  -  iioo  (i  - //6oi) 

the  permissible  unit  stress,  S  »  the  permissible  compression  on  the 
—  the  length  of  the  column  in  inches  and  d  the  least  dimension  ot 
:tion  of  the  column  in  inches. 

[ojnns.    For  the  shapes  used  in  roof -trusses,  the  formula  advocated 
•wler  in  his  specifications  for  roof -trusses  is  used  in  this  chapter: 

5i-  12  500-  soo//r 

he  permissible  unit  stress,  /  *  the  length  of  the  column  in  feet,  and 
radius  of  gyration  of  the  cross-section  of  the  column. 

.  The  truss  shown  in  Fig.  1,  which  is  the  queen  truss  shown  in 
>3  and  54  in  Chapter  XXVII,  is  considered  for  this  example.  The 
a  in  the  following  table  are  used.  The  members  RR  are  wrought- 
xxls,  not  upset  at  the  ends;  and  all  other  members  arc  of  white 
of  the  members  in  thb  truss  is  subject  to  transverse  stress,  so 
1  and  compression  only,  have  to  be  considered: 


Stresses  and  Dimensions  for  the  Truss  Shown  in  Figure  1 


Stress  in  pounds 


+21  250 
+18900 
+13200 

+  6450 
+  Sioo 

-17  150  i 
^12  750 1 

—  9100 


Dimensions 


6  by  6-in  white  pine 

6  by  6-in  white  pine 

6  by  6-in  white  pine 

4  by  6-in  white  pine 

4  by  6-in  white  pine 

6  by  ft-in  white  pine  or 

Three  2  by  8-in  pieces  with  ^^-in  bolts, 

2  ft  on  centers 

One  iH-in  round  rod 


•^ 


\b.  Fig.  1.    The  tension  in  each  rod  is  9  100  lb.    If  the  permis- 
a  000  lb,  the  section-area  of  each  rod  is  9  loo-i- 1 2  000  -  0.7G  sq  in. 
f  a  z^in  rod  is  0.694  sq  in;  and  of  a  x  M-in  rod,  0.893  sq  in.    The 
Id  aziswcr  but  the  iH-in  rod  is  preferred. 


same  tizut  stresses  sxe  used  for  flat  and  curved  surfaces,  Tables  VII  and 

to  43r>  of  Chapter  XII  may  be  used. 

cmulas  and  Tables  based  upon  them,  see  Chapter  XIV,  pages  449  to  452. 
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Raftsii,  Fif.  1.    Tbe  streu  in  tlic  rafter  nt  A  is  :i  iso  Ih  and  at  B  i8  90a 

but  as  it  will  ttc  m:ule  of  one  piece,  the  size  is  governed  by  the  greater  ^r 
The  unsupported  length  is  about  9  ft,  and  assuminE  the  least  dimcosioD  u( 

piece  to  be  6  in,  5i  -  1  '°°  {' ~ TT'C'i)  "  "»  iti  per  bq  in.  11  iso/77 
a7.6sqin  -tbeareaotcross-aection  required, vhkh  isle^  than  that  of  a  6  by  I 
piece.  A  6  by  6-ia  timber  is  actually  s\i  by  sli-iii.  with  a  cross-setrtioiui  an 
30.15  sq  in,  a  little  in  excess  of  the  area  required.  In  general  tbe  NOutNAL  1 
ETAKDASD  sizcsof  timbers  difler  by  about  one-half  an  inch  in  each  cr 


Fig.  1.    Qo«n  Tnisi.    (See.  s 

Member  C,  fi%.  1.  The  stress  in  this  member  is  13  100  lb  and  its  unsuppq 
length,  lift.  In  thiscasel/J- 24.  whenrj-ein;  5i- eeolb  persqio.  1 
required  section-area  is  13  100/660-  ID  sq  in.  and  hence  a  5  by  6-iQ  timba 
used.  The  topKjhord  should  have  one  dimension  constant  in  ordea-  to  fsciEl 
tbe  maldng  ol  good  connecCJons  at  the  joints. 

Bracn,  T\t-  1.  The  stress  in  tbe  brsce  C  is  6  450  lb  and  its  unsuppca 
length  about  9  ft.  .\  4  by  G-in  timber  is  first  tried.  Hen  I/d  —  17  uul  S,  —  1 
lb  per  sq  in.  The  required  area,  therefore,  is  10.7  >q  in  and  a  4  by  4-ui  tial 
answers  the  purpose;  but  lor  additional  stiffness  and  convenience  in  making  | 
nections,  a  4  by  6-in  piece  is  used.  Each  brace.  E,  has  a  stress  of  5  100  Vb  ai 
total  length  of  17  ft.  11  the  braces  are  bolted  where  they  cross  the  unsuppia 
length  may  be  taken  as  Sii  ft.  It  is  evident  that  >  4  by  S-in  piece  is  ample 
each  brace. 

Botton  CiMrd,  or  Tie-Beam,  Fit.  1.  The  maumum  tendon  in  tbe  botti 
chord  is  17  150  tb  in  .V.  The  permissible  unit  stress  is  700  lb  per  sq  in;  hi 
the  net  section-area  required  is  17  iso/700—  14-5  »q  in.  A  i  by  la-in  phd 
continuous  from  end  to  end  of  the  tiuss  and  without  holes  and  notclws.  wiU  t 
care  of  the  stress  alone  but  will  not  permit  of  proper  connections.  A  fi  by  j 
piece  is  selected,  but  it  may  be  neceisary  to  substitute  for  it  a  6  by  8-iii  ^ 
when  the  connections  are  made  and  it  is  spliced  in  the  middle.  If  the  med 
is  built  up  of  planks,  three  1  by  8-in  pieces  are  required;   and  Otey  mtot 
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bolttd  together  by  a  pejr  of  bolts  ev«y  a  ft  of  their  lensth.  If  14' 
Jengtlu  tie  used,  Che  jiunts  <d  the  strands  will  be  about  10  ft  apart. 
I.  For  this  example  the  truss  illustrated  in  Fig.  2,  which  ia  the 
s  showD  in  Figs.  4  and  24,  Chapter  XXVlt,  is  considered.  The 
?s  for  dead  load,  wind  and  snow  were  found  in  Chapter  XXVII  and 
the  followiiig  table.    The  ralteis  and  the  bottom  cbotd  support 


Sdssori  Tniu     (See,  alw,  Oiaptet  XXVU,  Fig*,  i  and  24) 

the  joints  and  consequently  must  resist  ckoss-bendinc  strcs^e 
le  load  on  each  piece  is  given  in  the  table  unde 


t  ttia  Tmai  Shown  in  Pitore  1 


' 

St™,  lb 

^™™ 

Dime 

„,„.,.«,.„..! 

+1890 

-■875 
-1873 

\z 

Two 
One 
One 
Tko 

0ns 
On« 
One 

3  by  S-in  planki 
J  by  «-in  ulanki 
by  loin  pUnW 
by  Ifrin  pk.nk 
1  by  8-in  plnnks 

jb)-l>inp!BOk 

1  by  lo-in  plsnk 

2  by  Io.in  plank 

4TO 
3«* 

(.  S.  The  piece  B  rather  than  the  [nece  A  is  consdered,  aa  it  is 
>nKer.  The  total  vertical  load  on  the  piece  acting  as  a  beam  is 
B  horizoDtml  spaD  is  about  8  ft.   The  bending  moment  at  the  center 
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is  H  (i  320 X  8  X  is)  «"  15  840  in-lb.  If  the  depth  of  the  piece  is  aasumedi 
be  8  in,  the  proper  thickness  is  found  from  the  equation*  15  840  ^  H  SU^ 
H  (700 X  8X  8 X  6),  or  6  >  2.12  in.  This  neglects  the  component  of  the  v 
tical  load  paxallel  to  the  rafter.  Considering  now  the  direct  compression 
6  600  lb  and  remembering  that  the  sheathing  is  nailed  to  the  rafter,  the  le 
dimension  d  of  the  piece  is  its  depth,  which  may  be  taken  the  same  as  tl 
used  for  the  piece  resisting  the  transverse  stress.  The  unsupported  kfii 
of  the  piece  is  about  12  ft.  Then  l/d  *  18, 5i  ■-  770  lb  per  sq  in  and  the  requii 
area  of  cross-section  is  6  600/770  »  8.6  sq  in.  As  the  depth  is  8  in,  the  thickne 
about  X.I  in.  Combining  the  two  pieces,  the  total  thiduiess  is  2.12+  1.1*3 
in,  and  a  piece  having  the  nominal  size  of  4  by  8  in  is  required.  Since  \ 
sheathing  is  nailed  to  the  rafters,  two  2  by  8-in  planks  may  be  used  without  1 
creasing  the  stiffness  of  the  member.  While  the  above  method  of  designim 
piece  subject  to  two  kinds  of  stress  b  not  correct  for  all  conditions  wfa 
occur  in  practice,  the  results  arc  on  the  safe  side,  and  the  method  has  the  J 
vantage  of  being  easily  applied. 

Member  S,  Fig.  S.  Considering  the  transverse  load  first,  the  bending:  mam 
at  the  middle  is  found  to  be  H  (470  X  15-5  X  12)  -  10  930  in-lb.  If  the  depd 
assumed  to  be  10  in,  the  required  thickness,  found  from  the  equation  10  < 
»  Vi  (700  X  xo  X  xo  X  6),  is  0.94  in;  or,  a  board  z  by  10  in  in  cross-sectioDal  a 
will  carry  the  transverse  load  if  prevented  from  twisting  sidewise,  which  it  hi 
tendency  to  do  in  this  case  where  the  ceiling  is  attached  directly  to  the  menil 
The  side-stiffness  will  be  further  increased  when  the  additional  material 
resisting  the  tension  is  in  place.  The  net  area  for  the  direct  tension  oi  1  S71 
is<2.68  sq  in,  which  requires  a  board  10  in  wide  and  only  a  trifle  ova:  l^i  in  tld 
The  total  thickness  becomes  0.94-1-0.27  «  x.21  in,  and  it  will  therefore  be  fl 
essary  to  use  a  2  by  lo-in  plank. 

Member  B,  Fig.  2.  This  is  in  compression,  but  the  stress  is  quite  sn 
being  only  750  lb.  The  possible  extension  of  the  2  by  lo-in  piece  used  for^ 
next  considered,  to  find  if  it  can  be  extended  and  used  here.  The  unsappoc 
length  *9  about  6  ft,  and  the  least  dimension  2  in;  hence  l/d  —  36,  ^t  —  44a 
per  SQ  in  and  the  required  area  of  the  cross-section  beccmies  less  tl^in  2  sq 
The  2  by  xo-in  piece  is  therefore  ample. 

I 

Members  T  and  7i,  Fig.  2.    Inspection  shows  that  a  2  by  zo-in  plan! 

quite  sufficient  for  these  pieces. 

Member  D,  Fig.  2.  The  unsupported  length  is  about  7  ft.  Then,  for  i* 
in,  l/d  «  42,  5i  *  330  lb  per  sq  in  and  the  required  aection-axea  is  i89a'3ji 
5.73  sq  in.  A  piece  2  by  10  in  is  more  than  sufficient;  but  as  this  sixe  aXtam 
a  simple  prolongation  of  the  pieces  T  and  Ti,  a  piece  of  this  dixnensioa  b  ofl 

Members  P  and  #f,  Fig.  2.  For  the  piece  F  a  net  area  of  4  350/700  «  q 
sq  in  is  required;  or  a  board  i  by  8  in  in  cross-section  may  be  used.  For  q 
venience  in  construction,  two  x  by  8-in  boards  are  chosen.  It  b  evident  that  I 
same  arrangement  can  be  made  for  the  piece  H. 

Caudon.  Since  this  truss  is  a  scissors  truss,  the  horizontal  deflectiafli 
the  supports  should  be  determined,  and,  if  this  is  an  appreciable  quantity,  I 
mennbers  as  designed  above,  should  be  increased  in  size  or  their  lengths  <ixud 
in  framing;  this  is  so  that  the  span,  after  the  truss  is  loaded  and  the  deflect 
has  taken  place,  becomes  the  distance  between  the  supports.  This  is  discsd 
m  Cbamer  XXVII,  pages  1085  to  1087. 

Xacuule  3.  For  this  example  the  Howe  truss  shown  in  Fig.  3  is  coasadH 
The  vertical  load  is  assumed  to  be  46^  lb  per  sq  f  t  on  the  tc^xhord  and  4 
per  sq  ft  on  the  bottom-chord.    For  trusses  spaced  about  15  f t  d  in 


Trusses 


1U5 


_  is  3H  by  2  by  M  in;  and  while  ^m 

^^n^^i^tto,  which  are  the  largest  that 

n  trusses,  it  is  economical 

^  same  straight  line,  but 


'<? 


'»ons  of  a  truss 
^ht  and  con- 


—  M 


1  with  Stresses 

■  ny  of  the  members.    For  conven- 
iTibers  and  final  sections  are  arranged 


or  tlie  Hall-Truu  Shown  in  Figure  f 


^'et  area 
.  equired, 
sq  in 


72 

144 

72 


i.o6 


Make-up  of  member 


^Two  aH  by  2  by  %-in  angles 
Net  area— 1.70  sq  in 


Two  2H  by  2H  by  %-in  angles, 
and  one  10  by  M-in  plate 

■  Two  2}'i  by  2  by  H-in  angles 


This  member  has  the  maximum  stress  of  the  bottom- 

>e  used  up  to  the  joint  F  and  possibly  for  the  enth-e  length 

■t  area  required  is  16  900/16  000  »  1.06  sq  in,  or  the  net 

:igle  is  0.53  sq  in.    One  leg  of  the  angle  is  riveted  to  the 

in  rivets  which  is  assumed  to  cut  out  a  sectiop  ''  "-  *-'  the 
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chord  lo  by  12  in.  A  single  piece  of  this  size,  nearly  50  ft  long,  is  difficuM 
obtain;  so  at  least  one  splice  is  necessary.  If  planks  are  substituted  it  reqv 
six  3  by  x2-in  pieces  to  give  an  equivalent  area. 

Inclined  Bnd-Poet,  Fig.  8.  The  stress  in  this  post  is  33  450  lb  and  its 
supported  length  about  9.75  ft.  An  8  by  lo-in  piece  is  tried  first,  the  v 
dimension  being  the  same  as  one  dimension  of  the  chords.  Then  l/d»  14 
5i  •-  825  lb  per  sq  in  and  the  required  area  of  cross-section  becomes  33  450/81 
40.54  sq  in,  which  is  about  one-half  the  cross-sectional  area  of  an  8  by  xo-in  fN 
li  d^6  in,  there  results  l/d  -  19.50,  Si  ■»  740  lb  per  sq  in  and  the  required  i 
B  45.2  sq  in,  which  is  a  much  smaller  cross-sectional  area  than  that  of  a  < 
lo-in  timber. 

Intermediate  Diagonala,  Fig.  8.  For  the  first  diagonal  a  6  by  6-in  piec 
tried.  The  required  section-area  is  19  630/740  ^  26.5  sq  in,  which  is  well  vi\ 
the  section-area  of  a  6  by  6-in  timber.  A  4  by  4-in  timber  could  be  used  for 
next  brace,  but  it  is  better  to  use  either  a  6  by  6-in  timber  or  one  4  by  6  ii 

Purlins,  Figs.  1  and  4a.  While  the  stresses  given  for  the  members  of 
truss  shown  in  Fig.  1  are  based  upon  a  vertical  loading  covering  the  efiec 

dead  load,  snow-load  and  wind-load,  the  « 
load  is  separated  from  the  others  in  orde 
illustrate  the  method  to  be  follow^ed  in  da 
ing  a  purlin  when  the  plane  of  the  load  h 
parallel  to  one  of  its  sides.  The  trusses  d 
type  illustrated  in  Fig.  1,  are  15  ft  on  ces 
This  distance,  therefore,  b  the  span  of 
purlin.  The  purlin  at  joint  2,  Fig.  1,  h 
vertical  loading  of  4  500  lb  and  a  wind-1 
acting  normal  to  the  roof,  of  2  000  lb. 
inclined  loading,  resolved  parallel  to  6  ai 
Fig  4a,  and  combined  with  the  vertical  1 
gives  for  the  total,  parallel  to  J,  4  500-}- 1 
-  5  900  lb;  and  for  that  p>aral]el  to  b,  1 
lb.  If  then,  loads  are  assumed  to  act  thn 
the  center  of  gravity  of  the  purlin-section, 
produce  both  tension  in  the  fiber  at  B  and  compression  diagonally  oppoat 
The  bending  moment  at  the  middle  of  the  purlin  due  to  the  vertical  load 
(5900X  15  X  12)  *  132  750  in-lb;  and  that  due  to  the  horizontal  load 
(i  400 X  15  X  12)  -  31  500  in-lb.  It  is  assumed  that  6  »  8  in  and  d»  v 
Then  the  fiber-stress  at  B,  due  to  the  first  moment  is 

5' »  6  X  132  7So/W*  -  996  lb  per  sq  in 

The  fiber-stress  at  B,  produced  by  the  second  moment  is 

5"  =  6  X  31  soo/b^  =  295  lb  per  sq  in 

The  total  fiber-stress  is  996 -f-  295  «  i  291  lb  per  sq  in.  This  is  91  lb  in  c 
of  the  permissible  fiber-stress  in  the  most  conservative  practice  and  in  son 
building  laws  for  white  oak.  If  a  10  by  lo-in  timber  is  used  the  fibers 
is  986  lb  per  sq.  in,  and  if  the  piece  is  10  by  12-in,  the  fiber-stress  become 

lb  per  sq  in. 

2.  Design  of  Steel  Trasses 

General  Considerations.     The   members  of   the  ordinary  steei. 
TEt'ssES  are  composed  of  two  rolled  angles  placed  back  to  back  and  a 
joints  each  piece  is  connected  to  gusset-plates  by  rivets.     The  aae  fl 


/^6 


Fig.  4a.    Purlin-design  for  Joint  2 
of  Trxiss  Shown  in  Fig.  1 


r 
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tuHest  an^le  permissible  in  good  practice  is  a ^  by  2  by  H  in;  and  while  H-ia 
vets  are  often  used,  it  is  better  to  use  ^4-in  rivets,  which  are  the  largest  that 
ui  be  used  in  a  a^-in  leg  of  an  angle.  As  in  wooden  trusses,  it  is  economical 
)  use  the  same  sizes  for  all  members  which  are  in  the,  same  straight  line,  but 
■s  is  not  aJwa)rs  done. 

Bmnple  4.  Fig.  5  shows  a  Tan  truss  of  the  form  and  dimensions  of  a  truss 
ed  for  supporting  the  roof  of  a  machine-shop.    The  bading  is  light  and  con- 


^"^ 

•^y^"^ 


Fig.  5.    Fan-trust  Diagnun  with  StreaMs 

laently  the  stresses  are  quite  small  in  many  of  the  members.  For  conven- 
toe  the  stresses,  lengths  of  compression-members  and  final  sections  are  arranged 
CB^alar  form. 


labto  IT.    Straw ea  aad  Dioaaaatoos  for  tlM  Haif-Tmas  Shown  in  Figure  9 


Streas. 
lb 


—16900 
—13800 

—  9200 

-  4650 

-  7700 

-  3070 

-h^aoo 

+  sooo 

+  1900 


Approxi- 
mate 
length,  in 


73 

144 
72 


Net  area 

required, 

aq  in 


1.06 


Make-up  of  member 


Two  a^  by  a  by  %-in  angles 
Net  aroa^  1.70  sq  in 


Two  aH  by  aH  by  %-in  angles. 
and  one  xo  by  H-in  plate 

•  Two  aH  by  a  by  H-in  angles 


AD,  Fig.  8.    This  member  has  the  maximum  stress  of  the  bottom- 

xA  axKi  its  size  wiU  be  used  up  to  the  joint  ¥  and  possibly  for  the  entire  length 
be  chord.  The  net  area  required  is  16  900/16  000  »  z.o6  sq  in,  or  the  net 
of  one  angle  b  0.53  sq  in.  One  leg  of  the  angle  is  riveted  to  the 
with  94-in  rivets  which  is  assumed  to  cut  out  a  section  H  in  by  the 
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thickness  of  the  angle.  From  Table  XI,  page  365,  we  find  that  a  2H  by  2  1 
H-in  angle  has  an  area  of  x.o6  sq  in.  The  area  to  be  deducted  on  acoounti 
one  rivet-hole  is  H  X  Vi  ■-  ^  •»  0.22  sq  in.  This  leaves  for  the  net  area  of  4 
angle  1.06  —  0.22  —  0.84  aq  in,  which  is  well  above  the  required  area.  As  tl 
is  the  smallest  angle  which  can  be  used  and  as  all  the  other  tensicHi-iiienibfl 
have  less  stress  than  AD,  the  tension>members  will  be  made  uniform  throuc 
out.  With  the  exception  of  FK,  many  designers  would  use  but  one  angle  I 
the  web-members.  While  the  net  area  is  ample  for  the  stresses,  yet  it  is  po 
practice,  as  one  angle  produces  a  one-sided  pull  on  the  gusset-plates. 

Member  AB,  Fig.  6.  This  piece  has  the  maximum  stress  of  the  top-choe 
a  compression  of  20  200  lb  and  a  transverse  load  of  2  000  lb.  The  combixi 
EFFECT  OF  THE  TWO  LOADINGS  in  this  case  must  be  determined  in  a  mann 
quite  different  from  that  followed  for  wooden  construction.  The  maximn 
fiber-stress  must  not  exceed  that  foond  from  some  column-formula   as,  i 

example,  5i  -•  12  500—  500  //r.  The  maximum  fibc 
stress  S  may  be  found,  approximately,  from  the  exptc 
sion  5  -»  P/A  -!-  Mc/I.  la  this  equation,  /^  is  d 
direct  compression,  which  la  20200  lb  in  this 
A  the  area  of  the  section  of  the  piecf:,  /  the 
of  inertia  of  this  section,  c  the  distance  of  the  oate 
most  fiber  of  the  section  which  is  in  compressaon  fra 
its  gravity-axis  and  M  the  maximum  bending  moma 
produced  by  the  tranverse  load.  The  princtpai,  ax 
Fig.  6.  Secticm  through  ^^  ^^^  section  must  lie  in  the  plane  of  the  txans\-ci 
Ratter-memb«r  of  Truss  loading,  if  the  above  formula  is  used.  For  syi 
Shown  in  Fig.  5.  (Axis  metrical  sections,  as  two  angles  back  to  back,  aa 
at^i  from  AB,  through  beam,  or  a  channel,  the  principal  axes  are  Axrs  4 
c.  g.  of  angles;  axis  at  symmetry,  and  the  values  of  /  and  c  are  rtsufl 
Cg,  through  c.  g.  of  sec-   £^,„n^  jrom  the  properties  of  roUed  shapes  tabuba 

Sr^h^gJ'  ttoi  !"  Chai^  X,   The  first  trial-section  »  that  sM 
p]^t£ )  m  Fig.  6,  consisting  of  two  2 H  by  2  V^  by  H-m.  mx^ 

and  one  10  by  H-in  plate.    To  find  the  nKNnent 
inertia,  /,  and  the  radius  of  gyration,  r,  the  cmtcr  of  gravity  of  the  3tM.thM< 
found  first.    The  distance  X  of  the  center  of  gravity  from  AB  (Ffs-  0)  is  fool 
from  Equation  (2),  page  295, 

area  of  plate  Xdi\  +  area  of  an^es  X  ^1 

area  of  entire  section 

From  the  properties  of  angles,  Table  XII,  page  367,  the  distance  from  the 
to  the  center  of  gravity  of  the  angle  is  d  *  0.72  in.    /  *  0.7  and  the  area  of 


n 


two  angles  •  2.38  sq  in.  The  plate  does  not  usually  extend  to  the  back  of  ^ 
angles,  a  clearance  of  from  Vi.to  M  in  being  allowed.  A  clearance  of  H  lA. 
assumed. 

Then,  di «  zo.25  —  0.72  -  9.53  in,  and  <fii  *  5  in 


Hence, 


X- 


2.5X5+2.38x9-53 


—  7.21  m 


2.504-2.38 

The  value  of  the  moment  of  inertia  /,  about  Cg  as  an  axis,  is  found  as  follfl 
(Chapter  X):  I 

/*»    0.25  Xio> 

—  „ «i  aOb8o 

12  12 

Eq.  (3)  (page  338).       A  (-Y  -  i,i)«  -  2.5  (2,2 x)»  -  M.tx 


For  the  plate  (page  335), 
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[resection,  J  *■  47.23 

section,  I^  At*  or  r  ^VJ/A, lience  ior  tWs  section  r «■  V47.a2/4j68 

(See  Equation  (2),  page  333.)    The  distance  to  the  outermost  fiber 

[on  from  the  axis  Cg  is  3.04  in  ■•  c.    There  is  now  sufficient  data  to 

be  nctaal  £bcr-«streAses  du6  to  the  loading  and  also  the  permissible 

bending  moment  produced  by  the  tninsv«rse  load  is 

if  -  H  (2  000  X  6.16  X  12)  -  iS  480  in  lb 
5»  20  200/4.S8  +  (18  480  X  3.04) /47. 2 2  -  s  330  lb  per  sq  in 
Si  •-  12  500—  500X  6.16/3.11  ■•  II  510  lb  per  sq  in 

I  that  the  actual  fiber-slress  is  very  much  smaller  than  the  allow- 
as,  but  as  we  have  used  minimurn'oize  angles  and  a  minimum  thick- 
plate,  the  only  way  to  reduce  this  section  b  to  use  a  smailer  plate, 
sisible  because  of  the  requirements  for  making  proper  connections 
The  above  analysis  assumes  that  the  member  is  prevented  from 
irise  by  the  roof-covering.  If  such  is  not  the  case,  r  will  have  to 
i  f or  a  vertical  axis  through  the  center  of  gravity  of  the  section. 
Cbe  moment  of  inertia, 

toVn  ^  (10  X  o^5')/i2  »  0.013 

i,  -a  X  0.70  -  1.400 

2.38  (0.72  +  0.125)*  *  1.699 

I  section,       /  -  3. 11 2 

r    -V3. 113/4.88  -0.6377  in 

Si  - 12  500  —  s^  X  6.X6/0.6377  *  7  670  lb  per  sq  in 

4o6c  -than  the  value  of  .St,  and  hence  ^is  sections  fulfiDs  all  the 
considering  the  unsupported  length  verticallv  and  sidewise  as 

',  Fig.  J.    Taking  two  2H  by  2  by  H-in  angles  witii  the  2H-in 
ickf  the  least  value  of  r  -  0.78  in  (Table  XVI,  page  371). 

Si  —  12  500—  500  X  1-2/0.78  —  4*10  lb  per  sq  m 
5  000 -f-  4  810  -  X.04  sq  in,  required. 

be  twovngles  ufied  is  a X  1.06 ««  3.12  ^  in  (Table  XVI,  page  371% 

V%.  9b  The  stKss  in  tliis  member  h  very  smaU  and  one  angle 
lfill4ftke  requirements.  For  one  angle,  2^^  by  2  by  M  in,  the  lea^ 
>le  XI,  page  3^65)  and  5i  -  5  300  lb  per  sq  in,  indicating  that  this 
i^e  excess  of  strength.    As  pointed  out  above,  it  is  better  to  use 


The  best  spedfici^tions  limit  the  ratio  of  the  least  dimen- 
pfKMrted  length  of  a  ootnpression-member  to  50,  unless  the  allow- 
BS  givea  hy  the  Gohmn^ormtila  is  decreased.  The  member  EP 
ad  atxmt  144  in  long,  so  that  its  length  is  57.6  thnes  its  least 
tkmPt  is  a  grea?t  ekcess  of  area,  the  actual  unit  stress  is  mudi 
I  try  tbe  tormiihu 

The  <3ompieiaieiHnembcrs  made  up  d  two  angles  and  deigned 
Jie  pvcDeding  paiagmpfas,  have  been  considered  as  if  actiqg  ai 
is  cde&r  that  the  various  parts  must  be  so  fastened  together  that 
*ce  w«*i  bttdde.    H  Hs  the  imsupported  length  of  the  member 
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as  a  whole,  r  the  corresponding  least  radius  of  gyration,  /  the  least  radi 
gyration  for  any  part  and  /'  the  unsupported  length  of  the  part,  or  the  dis 
between  stay-rivets,  there  is  the  following  relation: 

l'//  -  l/r  or  y  -  Ir'/r 
For  the  member  EF         I'  -  144  X  0.42/0.78  -  78  in. 
Practice  reduces  this  to  3  or  3  ft. 


TensioD-Members,  also,  should  be  riveted  together  in  a 
make  the  parts  pull  together. 

Bnmple  5.  The  next  truss  considered  is  the  Fink  truss  shown  in  F 
in  which  two  angles  are  used  for  all  members  and  H-in  rivets  at  the  00 
tions. 

Member  AC,  Fig.  7.  For  a  unit  stress  of  16  000  lb  per  sq  in,  the  nd 
required  is  21  800/16  000  «  1.36  sq  in.  Two  2Vi  by  2Vi  by  M-in  angles  b 
section-area  of  2.38  sq  in  (Table  XII,  page  367).  Deducting  2  (H  X  H)  - 
sq  in,  the  net  sectiou  becomes  1.94  sq  in,  while  the  required  area  is  1^36 : 


.»ret 


■;««f' 


Fig.  7.    Fink  Truss.     (See,  also,  Figs.  22,  22a,  22b,  22c,  and  22d} 


Members  CB  and  BH,  Fig.  T,  are  composed  of  angles  of  the  same  sbe. 

Members  CD,  DP,  BP  and  PO,  Fig.  7,  are  made  of  two  3H  by  3  I9 
angles  with  a  net  area  of  2.12  sq  in.    This  greatly  exceeds  the  raqdndt 

Members  BC,  BP  and  DB,  Fig.  7.  From  the  preceding  example  it  it « 
that  a  pair  of  minimum-size  angles  will  be  quite  sufficient.  Two  2H  bf 
H-in  angles,  having  a  section-area  (^  2.12  sq  in,  are  used. 

Member  AB,  Fig.  7.  For  this  member  in  which  there  is  a  direct  ooq 
sion  of  23  500  lb  and  a  transverse  stress  due  to  a  load  of  2  500  lb,  a  pidifll 
trial  is  made  with  two  5  by  3M  by  H-in  angles^  with  the  5-in  legs  haok  to  \m 
separated  by  a  H-vi  gusset-plate.  The  moment  of  inertia  about  an  ass  pi 
through  the  center  of  gravity  of  the  two  angles  and  parallel  to  the 
is  (Table  XI,  page  363)  7.78*  and  the  corresponding  radius  of  _ 
in.  About  a  vertical  axis  the  radius  of  gyration  is  (Table  XVI, 
Z.42  in,  which  is  the  least  radius  to  be  used  in  the  ooluuuk-forauila. 

*  It  win  be  noticed  that  some  values  given  for  the  properties  and  the  saes  of  aiigl 
in  this  example  difier  slightly  from  those  given  in  the  tables  referred  to,  as  the  secdM 
/,  f,  X,  etc.  This  changes  the  result  very  slightly  and  b  due  to  variatioos  in  the  4 
figures  of  values  in  different  editions  of  manufacturers'  handbooka.        £ditor4B4l 
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xluced  by  the  2  500-lb  load  at  the  center  of  the  member  is  H 
r  X  13)  -  34  500  in-lb.  The  section-area  of  the  two  angles  is  (page 

!n. 

■  [23  SO0/6.10I+  ((34  500  X  r.6i)/7.78]  -  10  990  lb  per  sq  in 

■  12  500  -(500  X  9.2)/!. 42  -  9  260  lb  per  sq  in 

ss  than  S,  it  is  seen  that  the  angles  selected  are  a  little  too  light, 
dng  angles  of  greater  thickness  it  will  be  better  to  select  a  larger 

•  6  by  3H  by  H-in  angles  are  used  (page  363^ 

•  f23  S00/6.86J+  [34  500  X  2.o4)/"^6l  -  8  890  lb  per  sq  in 

•  12  SCO-  ((500  X  9.2)/x.34l  -  9'070  Ih  pcr  sq  in 

liat  there  is  ample  strength  and  stiffness  and  that  the  area  is  in- 
r6  sq  in.  If  two  s  l>y  3V^  hy  Me-in  angles  had  been  used,  the  area 
een  increased  0.96  sq  in  (page  363).  The  least  radius  of  gyration 
cpression  for  Si  assumes  that  the  angles  will  be  separated  by  H-in 
If  thicker  gusset-plates  are  used,  the  value  of  r  will  increase. 

ttallt.  The  use  of  umFORM  sizes  for  members  in  the  same  straight 
lical  and  adds  rigidity  to  the  truss.  The  angles  can  be  furnished 
of  60  ft  and  over,  thereby  reducfaig  the  labor  of  cutting  them  and 
!  number  of  rivets  and  the  size  of  the  gusset-plates.  The  portion 
EG  shown  by  Fig.  7  would  be  completely  riveted  up  in  the  shops, 
hree  joints  to  be  riveted  at  the  building.  In  general,  any  truss 
;  outside  dimension  not  exceeding  10  ft,  can  be  shipped  by  xail. 
;he  location  of  the  splices. 

3.  Joints  of  Wooden  Trutsei 

of  any  truss  should  be  proportioned  with  as  much  care  as  is  used 
the  sizes  of  the  members,  so  that  the  truss  will  be  equally  strong 
(.  The  general  principles  and  methods  for  designing  joints  are 
bapter  XII  and  illustrated  by  examples.  To  further  explain  the 
ethods  of  design  of  some  of  the  joints  for  the  trusses  shown  in 
tre  added  in  this  chapter. 

±,    This  is  the  most  important  Joint  in  the  truss.    There  are 

this  joint,  but  only  a  few  of  them  are  illustrated.    Fig.  8  shows  a 

JOINT.    The  rafter  rests  in  a  notch  in  the  bottom  chord  and  is 

y  one  or  more  rolled-steel  bolts.    These  bolts  are  perpendicular 

:be  rafter,  and  the  stresses  in  them  are  found  graphically  by  the 

ig.  8)  in  which  ac  is  perpendicular  to  the  scarf-cut  or  seat  of 

e  tension  in  the  bolts  is  found  to  be  31  550  lb,  and  with  a  permis- 

[6  000  lb  per  sq  in,  the  net  section-area  required  is  1.97  sq  in, 

ids  to  one  ij^-in  bolt  (Table  II,  page  388).    The  washer,  bcar- 

l^rain  of  the  rafter,  will  have  an  area  of  31  550/200-  158  sq  in 

Ince  the  tofxhord  is  actually  but  5H  in  wide,  the  length  of  the 

8  in.     Such  a  plate  would  look  out  of  proportion  with  one  bolt, 

ts  are  substituted,  having  a  net  section-area  of  2.10  sq  in  (Table 

Two  bolts  are  placed  near  each  end  of  the  plate  and  one  bolt 

middle.    The  bolts  are  spaced  about  9^  in  apart.    The  thick- 

■je  may  be  taken  as  one-fifth  the  distance  from  the  end  of  the 

B  of  the  first  pair  of  bolts.    This  distance  is  about  3.4  in;  hence 

0.67  in.     A  ^-in  plate  is  used.    The  lower  end  of  each  pair  of 

I  vHtb  a  PLATE-WASHER  bearing  upon  the  inclined  surface  of  the 

as  s^own.    The  angle  op  xncunation  approximates  45' 
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page  1138.)  The  pair  ol  bolts  carry  a  lension  of  ji  jjoX  M  —  11  6*0  11^ 
6«)/tjs  -  17^  "Q  ".  w*. 
a  the  liuile  bolt,  a  4  br 
i-in  lug  Irt  into  the  bol 
to  take  thehonzonlalcompanent  of  tbepullinlhebolt.  To  prevott  the  bd 
slipping  on  the  bottom  chord,  two  oak  kfys  are  employed.  (See  Table 
page  4J4,  and  Table  I.  page  iijS,  for  permiirible  unit  streSMs.)^  ThehoriBi 
component  oC  the  pull  la  the  bolts  is  about  ai  3/00  lb.  and  tot  one  kej,  11 


Fig.&    Detail  o(  Mil  l,H|.  I 

'lb,  and  taUng  the  actual  thkluieBa  ol  6  in  to  be  jVi  in,  each  lodi  in  lni(l 
the  key  will  safely  carry  shxn»-i  too  lb  in  longitudinal  ahev  CTjU 
[Hg<  4ti}'  The  keys  wiU,  ttaeiefore,  be  10  in  long.  The  ends  at  the  keysi 
against  the  notch  in  the  while-piiic  chant  uid  (or  ntd-beaiins  euih  iad 
depth  of  the  notch  carries  HiX  i  im  -  6  050  lb.  The  depth  e<  t^  if 
therefore,  is  1.8  in  in  the  chord.  In  ttie  lul^ter  each  inch  in  depth  of  • 
conies  5!^  X  I  4°o  -  7  7°o  lb  (Table  X\T,  page  647).  and  the  depth  of  i 
is  1.4J  in.  This  makes  the  total  tUckness  of  the  keys  1.8+  1.43-  J.i}  ik 
say  3ii  in-  The  size  of  Che  keys  is  jla  by  sH  by  to  in.  The  spacing  0* 
KEYS  is  governed  by  the  longitudinal  shear  of  the  white-pinr  chonl.  I 
inch  in  length  carries  jhX  loo'  iso  lb  <Tab1e  I,  page  iij8),  and  thct 
distance  between  keys  is  11 1!o/s50>  10  in.  The  various  riiim mimi  4 
above  will  pcobaby  appear  ka^  to  many.  Tha  lai(c  diisoiakins  an  dl 
the  timber  used.  If  longJeaf  yeUow  pine  bad  been  employed,  bbv  <' 
dimeosioiB  would  have  been  materially  smaUer. 
shown  in  Fig.  9b.  makes  a  much  better  0 
becomes  iH  in  and  15  in  becomes  ij  in.  The  net  area  of  tfaeboOsa* 
should  now  be  determined  to  see  if  it  is  suffirjeot  lt>  lake  tke  tnaH*  ! 
Vall-Flata.  As  a  rule  it  is  a  good  id«i  to  place  (be  WAlx-njUE.  J 
receives  the  common  raften,  just  above  Ihe  bottom  choH  as  shown,  j 
affords  an  opportunity  to  get  at  the  nuts  on  the  bolo  to  dgfatea  Una  d 
WMd  shhakt.    The  seauhg  or  lus  muss  oa  tba  Ukkwwfc  sho^  tci 
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td  ft  STONE  or  METAL  PXATE  pTovided  to  distribute  the  pressure.  (See 
^CIU.)  In  this  case  a  i6  by  14  by  iH-in  cast-ikon  plate  is  used, 
uces  the  pressure  on  the  brickwork  to  82  H  lb  per  sq  ia. 
VSg.  I.  This  joint  might  be  made  in  the  manner  described  above, 
trpe  shown  in  Fig.  9  is  used.  The  thirkneas  of  the  plate  is  usually 
by  the  thickness  required  at  K  to  give  the  hook  the  proper  strength. 


f  bolts 


It  sis 


,  SJ*bolb. 

?<Ptoi.^  v.. 


'«s'«xrr 


jisii»i^ai,vk 


Dcua  of  Joint  1.  Ftg.  8  Fig.  9a.    Alternate  Detail  of  Joint  1,  Pig.  3 

irmctiGaUy  takes  ooe-half  the  horizontal  component  of  the  stress  in 
rliich  is  the  stress  in  the  bottom  chord  in  this  case)  as  the  bolts  are 
rely  to  keep  the  parts  in  place.  The  metal  bears  against  the  end- 
»ch  inch  in  depth  of  the  notch,  the  fibers  carry  94X1  zoo  - 10450  lb, 
£  notch  is  Vi  (27  550/10  450)  «  1.31  in  deep,  say  iH  in.  Considering 
a  wsouGHT-noK  CANT1LSVEX,  iH  in  long  and  uniformly  loaded 
>  per  aq  in,  the  thick- 
I  £fonk  the  expression 

3>-H(z3000XlX/*), 

in.  Tlie  nearest 
e    is   a  thickness  of 

length  of  the  bot- 

necessary  to  take 
from  the  hook  in 

shear  is  9^  X  100 
r  in,  or,  13675/950 
alL  The  inclination 
at  ff  with  the  ver- 
about  36"*,  and  the 
sure  on  this  surface 

—  200)  (»Ho)«  -  344 


F   ■  -  --{-t 


10'«  12" 


Fig.  9b.    Alternate  Detail  of  Joint  1,  Fig.  3 


359/(344  X  9H)  *  8.3  in,  which  is  the  required  depth  of  the  cut. 
i  are  coxifined  by  the  plate,  one-half  thb  value,  or  4H  in,  approx- 
ed.  The  bolts,  Z,  are  two  ^-in  bolts.  There  should  be  two 
-efully  placed  so  that  the  hook  bears  against  them.  There  is  a 
:y  for  the  hook  to  straighten  and  hence  i-in  bolts  are  used. 
n  of  the  plate  in  tension  is  evidently  greatly  in  excess  of  that 


.  S«     A  better  detail  at  F,  Fig.  9,  is  shown  in  Fig.  Oa.     It  is 
[ore  that  onD>half  the  tonuon  is  taken  by  the  aoich  at  F.    The 
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li  in  and  the  Biie  of  the  metal  blod:,  iH  by  j  I7  g^ 

to  bave  >  dose  fit  in  tbe  block  and  in  th«  plate  uid  hB 
cany  theitress  ia  angle  Ae 


At    1 


I  000    lb    per    *q 


tbe  ana  of  the  boln  ■ 
(37  3W10  000)  -  1^7  «g 
nqnirinc  two  i-in  stetl  bi 
(Table  UI,  page  419)-  1 
thicknen   of   tbe   stid  ^ 


M(i3  67s)  +  30oooXi,ori 
J4  in.     A  M-iQ  plate  'a  tb 


Joint  i.Flf.l 


be  used  in  this  pi 
as  shoirn  in  Fig.  9b. 

Othar  Datalla  for  JoW 

Fig.    3.    Anotbci  desgi  '■ 

thl9  joiat,   but    for    »aei 

tniM,  is   shown  in   Fig.  j 

The  nfter  and  bottom  dl 

I    are  <rf    long-leaf    yeUow  i 

I    and  tbc  metal  parts  ei  i 

\    Tbe  stresses    are    tmuol 

I    through  3   by  Ji-in  pkM 

r  bearing  a^init  the  enMl 

:    of  the  wood,  and  from  4 

Tbe  ^de  plates  should  be  drawn  up  im 
bown,  to  pRvent  bucUiiig  wbco  in  ow^cM 
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>  thon  a  good  spplicstiao  of  tbe  CAsr-noH  anole-blocx  u*ed  tn  th« 
f  ■  bhckmiitlMbop  of  tba  Bostoa  ft  Maine  Railroad  CotopaDy.  The 
Lnd  ibeaiiog  vilua  an  provided  for  ptiodpally  by  a  teoon  on  the 
into  the  bottom  clunl  as  ladinted  bj  the  dotted  lines. 
.  m.  L  Where  a  biacc  abuu  agaioat  a  cafter,  as  in  this  joint,  one  cut 
d  of  the  braa  should  bisect  the  angle  made  between  the  brace  and  the 
dtheaecondcut  should  be  at  risht  angles  to  this,  as  ahoini  iri  Fig.  10. 
1  then  set  in  a  luitch  or  mortise  to  keep  the  brace  io  place  and  to  trans- 
rcssore  to  the  rafter.   The  purlin  may  be  supported  by  a  j-in  plank,  as 


Fif.  10c.     Purlin«Hui(C- 
th    Steel-  ikn  uriili  Wmdcn  Oau-  with  Beun-banger 

ing-block, 

g.   10.     Some  foim  of  hetai.  bakcei,  of  the  Dijplxx  type   [s 

ed.  In  the  truss  shown  in  Fig.  I,  there  b  uo  vertical  rod  at  this 
stny  trusses  have  a  rod  Iheie.  and  one  is  therefore  shown  in  Fig.  10. 
■D  top  of  the  rafter  must  have  sufficient  area  to  transmit  the  stresi 
the  rafter.     Other  fomu  of  purlin-connectioiis  are  shown  in  Figs. 

Ziatt-tioi  Ttdh.  Fig.  11  shows  the  jcunt  at  the  top  of  a  eing- 
itb  a  Dtifux  hakoee  to  sug^nrt  the  puihn.  The  wrought-iron 
;  for  I&rge  trusses  should  extend  along  the  top  of  each  nfler  a 
sace  to  permit  its  being  fastened  by  lac-scheVTS  or  bolts,  fig  13 
UM>  in  place  of  the  KOL1.ED  Plate. 


I>i4pi  md  CamUmcOon  <d  ftocrf-T] 


im 


*#^4  f44Mi  flM  «iM(^  iMMk  Uimtm  the 


ia  Fir  13.    TW 


laplKcoffi 


Mlf.  1 1 .    f  )tUll  oT  Apt!  of  Klnc-rod  TruM 


Fig.  U.    Altenute  DeUO  for 
«( Kini-xod  TruM 
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V^t  »i  Vl|.  •>    ^^ne  m^ttHH)  \4  nMiinn  ihf  c^uinectioiis  at  Uus  joint  is  sbow 
lu  t  Ml   1^    "t^*  rnU^ul  of  th«  miin  bmct  is  VMde  m  shoira.  tiic  4fetanoe  t 
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ebjl  OB  ooly  be  ued  (or  tkc  md-bnc*  by  mtkius  tvo  lutcEus  m 
tbe  dotted  Baa.  A  muc>i  better  metbod  i>  ahawa  id  Fig.  15,  when 
BLOCK  b  and.  The  uitJe-block  is  made  ot  veiy  hard  wood  so  th«t 
t  oi  the  tmce  ii  (mividad  for.  and  it  a  ootcbed  into  the  cfaonl  a.  luffi. 
int  a  uansfer  tiie  horiiontBl  nmipoDeat  of  the  streu  id  the  brace 
■d.  A  DOtch  1  in  deep  carries  i  100X9H"  104SO  lb  [Table  I,  page 
ice  (or  a  borizontal  compoDeDt  of  37  J5Q  lb  (Fig.  4),  the  notch  it 

Id  deep.  This  clearly 
braces  should  be  iocUned 
5°  with  the  boriwDtal. 
•ard  01  weak  details  aie 
ated.  The  vertical  rod 
.tress  of  u  492  lb.  The 
top  o(  the  chord  transfer! 
I  bearing  across  tlie  graio. 
Irew  of  20O  lb  (Table  I,  ■ 

ttic  area  is  67.4  sq  in, 
n    8    by    g    t^    H^ 

If.  1.    TUs  Is  shown  in  Ptg.  IS,  and  the  above  discnxiiaas  cover  «Q 

SiiKC  it  is  not  economical  and  ofteo  impossible  la  procure  timbers 
.  or  30  It  in  length,  it  is  necessary  to  mate  one  or  more  SPLICES 
i.  The  top-chord  of  a  Hohb  tbuss  is  spliced  by  placing  the  tim- 
:nd.  and  by  spiking  or  bolting  on  side  planks  to  lieep  them  in  place, 
cliord  cannot  be  treated  in  this  manner,  as  it  Is  !n  tetsion. 
ice  or  Tabled  Flih>Plata  of  Wood.  It  is  assumed  that  the 
1  of  the  truss  shown  In  Fig.  3  is  to  be  spliced  at  the  middle  of  the 
span.  Fig.  IZa  shows 
[his  splice.  It  is  as. 
sumed  that  the  side 
pieces  are  of  white  pine. 
The  total  depth  of  the 
,-■. J.  notches    is    48  s6o  + 

—"' —     " m.  ('  idoxiiw)  -d-3.H 

"'    I  ""   '•      ■    "•  " — :»      in  (Table  I.  page  1 138). 

1  i  3       Each    notch,    then,   is 

y  j  3      about  3  in  deep.    The 

I  11  ^      length  of  the  table  is 

LP  i-M[48  56o+(iooX 

r.     splice  of  Bottom  Chord  of  Truss  n'i)!  ->i  in.    Thenet 

thickness  of  each  side 
56Q V  (70a  X  1 1  ^)  —  J  in,  without  deducting  anything  for  the  two 
'he  chord-pieces  have  less  tlian  the  required  area  because  of  the 
required;    hence  a  tix  win  timber  is  required  if  this  form  of 

The  proper  dimensions  are  shown  in  Fig.  17*. 
i*.  Fig.  17  shows  an  old  and  very  efficient  form  at  spUce,  pro. 
■place  the  iorm  ahown  in  Fig.  17a. 
Bnilt-ap  Chord.  The  top  chord,  when  BtnLi  x^  of  i-in  plaiiks, 
igh  spiking  with  two  li-io  bolts  at  the  ends  of  each  plank.  The 
whl^  Is  in  tension,  should  be  so  arranged  that  the  ends  at 
loe  strand  are  well  lemoved  from  the  ends  in  other  atrauds.    Th* 


1''""°!  ._3>.  I 
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middle  strand  of  a  built-up  chord  is  completely  cut  away  to  pennit  the  paaq 
of  the  vertical  rods.  The  strands  should  be  thoroughly  spiked,  and  bolted  e?B 
3  ft,  care  being  taken  to  see  that  the  bolts  do  not  come  nearer  than  $ 
from  the  end  of  any  plank.    While  built-up  mbiibwib  are  in  favor  with  bdl 
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I 
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^ 
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Fift.  17a.    Alternate  Detail  for  Splice  of  Bottom  Chord 

ers  because  the  materials  are  readily  obtained,  yet  for  important  stnictuxes  i 
writer  believes  it  is  worth  while  to  use  a  little  more  effort  and  pay  a  little  mc 
to  get  SOLID  STICKS  for  truss-members. 

Wall- Joint  of  Scisaora  Tniases.    In  scissors  trusses  the  joint  over  t 
wall  formed  by  the  rafter  and  tie-beam  should  always  be  carefully  proportioo 


XLCtete 
U'tonr 


Dotted  Ubh  I 


Fig.  18.    Wall-jointe  for  Scissors  Trusses,  Figs.  24  to  27,  Chapter  XXVI 


to  the  stresses;  otherwise  the  joint  is  liable  to  open  and  the  wall  to  be 
out.  Much  greater  strength  is  required  in  this  joint  than  in  tbe  wall-joint  oj 
giNG-ROD  truss  of  the  same  span,  because  the  stresaes  in  a  scissors  xsutt  i 
usually  at  least  twice  and  sometimes  three  or  four  times  as  great  as  in  a  tt| 
with  a  horizontal  tie-beam.    For  a  scissors  tkuss  built  of  planks»  as  in  Fl^ 
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t  through  tlie  oenter  of  each  joint,  with  u  many  spikes  as  can  be 
/  ordinarily  give  sufficient  strength.  For  trusses  like  those  shown  in 
»  27  of  Chapter  XXVI,  one  of  the  best  methods  of  nuJdng  the  wall- 
is  the  roof  is  quite  flat,  is  that  shown  in  Fig.  IS,  which  is  the  detail 
il  joint  where  the  stress  in  the  tie-beam  was  25  000  lb.  It  should  be 
it  the  WROUGHT-iaoN  STRAP  is  secured  to  the  tie  by  lag-scksws  in- 
)LTS.    It  is  practically  impossible  to  bolt  a  strap  to  each  side  of  a 

to  get  a  good  bearing  for  all  of  the  bolts,  owing  to  the  difficulty  in 
holes  straight;  and  if  the  holes  are  bored  a  little  large,  some  bolts 
on  the  wood  and  some  may  not.  With  lag-screws  each  screw  is 
ict  a  good  bearing  in  the  wood.  The  holes  in  the  two  sides  of  the 
,  of  course,  be  staggered,  so  that  they  wiU  not  come  opposite  each 
e  net  sectional  area  of  the  strap  should  at  least  be  equal  to  the  stress 
team  divided  by  2  X  ta  000  (Table  I,  page  1138).  The  number  of 
>,  for  both  sides,  is  found  by  dividing  the  stress  in  the  tie-beam  by 
ce  of  one  screw.  For  the  safe  resistance. of  lag-screws  used  in  thia 
Jofls  given  in  Table  V  are  recommended.  In  the  joint  shown  in  Fig. 
ss  in  the  tie-beam  is  35  000  lb,  and  the  wood  is  Douglas  fir.    The 

therefore,  require  a  sectional  area  in  the  strap  of  ^  (25  ooo)/x  2  000  ■■ 
id  twenty-three  H-in  lag-screws.    Only  thirteen  are  shown  in  Fig.  18. 

Safe  Reaistuice  of  Mild-Steel  Lag -Screws  When  Used  as  in  Pig.  it 


crew  in 

Safe  resistance  in  pounds 

Minimum 

thickness 

of  strap  in 

inches 

Oak 

White 
pine 

Douglas 
fir 

Long-leaf 
pine 

length 

3H 

4 
4 

4^ 
5 

288 

5X2 

800 
irs3 
X  569 

ass 
454 

709 
X  032 

X  39X 

2fi7 

474 

74X 

X  067 

X  453 

28a 

S" 

800 

X  XS3 
XS69 

H 

H 

H 

ickness  of  H  in,  the  width  of  the  strap  necessary  to  give  a  sectiona- 
Ai  in  is  1. 05/ .37s,  or  about  3  in.  To  this  should  be  added  the  diam- 
a,g-screw  to  obtain  the  working  width.  Thus  3  -f-  H  «»  3^4  in.  The 
4.  by  ^4  in  in  cross-section,  as  some  additional  strength  is  obtained  by 
r,  which  it  is  necessary  to  insert  to  hold  the  timbers  together  while 
>eing  raised  into  position,  and  also  to  bring  them  tightly  together 
:  the  strap.  Fig.  19  shows  another  method  of  making  this  joint 
>e  used  with  advantage  when  the  inclination  of  the  rafter  is  less 
*iie  advantage  in  using  this  truss  is  that  if  it  is  erected  one  piece 
le  tie-beams  may  be  put  up  first,  thus  providing  a  seat  to  receive 
The  strap  prevents  the  end  of  the  rafter  from  springing  up.  The 
he  bolt  should  be  proportioned  to  the  horizontal  component  of  the 
rafter.  Fig.  20  shows  a  good  form  of  joint  to  use  at  joint  5  of  Fig. 
XXVI,  when  it  is  desired  to  substitute  a  wooden  tie  for  the  rods 
27.  The  sectional  area  of  the  strap  and  the  number  of  lag-screws 
»portioned  by  the  rules  given  for  Fig.  18. 

Where  iron  or  steel  rods  are  used  in  wooden  trusses,  washers  are 
der  the  heads  and  nuts  to  properly  distribute  the  loads  on  the 
iimeosions  of  the  washers  are  determined  by  the  allowable  bear- 
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ing  picasare  on  the  wood  ind  the  magnitudes  of  the  loads.  Table  VI  ^es  tl 
allowabk  loads  which  can  be  tranamitted  by  standard  round  cast  'wmAtss  a 
rectangular  washers  bearing  across  the  wood  fibers.    Table  VH  gives  the  4 

mension  of  standard  round  cast  washers.    The  bearing  areas  of  tbeac  naihai 


Fig.  10.    Alternate  Detail  for  Fig.  18 

are  too  small  for  use  on  the  softer  woods  and,  therefore,  except  when  the  ro4 
are  small,  it  is  better  to  use  rectangular  washers  of  iron  or  steel  plate.  Veq 
large  washers  should  be  cast,  and  should  have  the  form  shown  in  Fig.  20i 
The  use  of  the  ribs  gives  the  required  strength  and  saves  considerable  material 


Fig.  20.    Detiul  of  Joint  5,  Fig.  27,  Chapter  XXVI  Fig.    20a.     Cast-Sroe 

Washer  with  Brackets 

Thiekneii  of  Rectangnlar  St«al*Plal«  Waaheri.  The  thlcknen  of  reo 
tangular  sted-plate  washers  can  be  found  from  the  following  fohnulat  in  whid 
/  u  the  distance  from  die  edge  of  the  pbte  to  the  nut  and  t  the  thiffcncM  of  thi 
plate.    Whenosed 

On  white  oak /  *  3.4  f 

On  white  pine /«  5.2 1 

On  loiig>l«il  yeflow  pine f  *  5-9 1 

On  aiiort-kaf  yeUow  pine i»4.6i 
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Sah  Bcutag  Pwriilinr<  of  0wt4rQtt  WasliMt,  ki  Bsonds 


Round  irashen 


Am.* 
vqin 

Wlute^liia, 

Sh(ytrleai 

ydlow  pine. 

lb 

yellow  pine, 
lb 

White  oak. 
lb 

S.i6 

lOJO 

I  29a 

X  810 

2580 

6.69 

i34<y 

1670 

2340 

3350 

7.78 

1560 

1950 

2  720 

3890 

10.4 

2080 

2600 

3640 

5  200 

"7 

2  340 

a99» 

4  100 

5850 

16.6 

3320 

4«S0 

5810 

8300 

26.9 

5380 

6730 

9420 

X3  500 

28.6 

5  720 

7150 

10  000 

14  300 

38.S 

7700 

9630 

13500 

19300 

499 

9980 

32500 

I7  5<» 

25000 

63.8 

12600 

55  700 

22000 

31400 

77.1 

IS  400 

S9  30O 

27000 

38600 

939 

18600 

33300 

33  500 

46500 

110.2 

22  000 

B7600 

38ftw 

5$  100 

Rectangolar  Washers 


24 

4600 

6000 

8400 

IB  000 

32 

6400 

8000 

II  200 

16000 

36 

7B00 

9000 

X3  6C» 

18000 

42 

8400 

xosoo 

14700 

2C  000 

4S 

9600 

t2  00O 

16800 

24000 

S4 

10  Boo 

13500 

X89OO 

27000 

60 

12000 

25000 

21  000 

30000 

«4 

:2  6oo 

16000 

22400 

3tooo 

7a 

14400 

tSooo 

25200 

36000 

60 

i6«oo 

10  000 

98000 

40000 

96 

19200 

24  000 

33600 

48000 

[00 

20  000 

25000 

35000 

50000 

:to 

23  000 

27  500 

38500 

55  000 

20 

24000 

30000 

42000 

60  000 

40 

28  COO 

35000 

49000 

70000 

44 

28800 

36000 

50400 

72O0D 

68 

33600 

42000 

58800 

84000 

92 

38400 

48000 

67200 

96000 

96 

39200 

49000 

68600 

98000 

24 

44800 

56000 

78400 

112  000 

«-sq  in 

200 

250 

350 

500 

bearing  on  the  wood  are  given  for  round  washers.  For  rectangula 
%  h  given,  no  Bllow&nce  being  made  for  holes. 

other  forms  of  connections  are  in  use  and  their  proper  desigi 
at  the  methods  explained  in  Chapter  XII  and  in  tMs  chaptc 
>wed.  All  details  are  not  suitable  for  all  cases  and  the  dc 
nmon  sense  in  the  selection  of  the  particulah  tm,  to  b 
rn.  Wood  is  veiy  variable  in  Its  properties  and  consequent!; 
i.7£TT  axt  Tued  for  certain  kinds  of  stress  and  smaller  f actoi 
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for  others.  Heavy  trusses,  in  which  the  sises  of  the  members  aie  sdeetodi 
cording  to  the  magnitudes  of  the  stresses,  should  be  very  carefully  worked  i 
in  every  detail,  while  small  trusses  with  large  excess  of  material  do  not  dead 
as  much  care. 

Table  vn.    Proportions  of  Steadard  Cast-Iroa  Washers 


c;" 


Diamof 

bolt.  (^ 

in 


H 
H 
H 
H 

I 

xH 
iH 

iH 

2 

2\i 
2H 
2H 

3 


D 

in 


2H 
3 

3H 

3^4 

4 

4H 

6 

6^ 

IH 

8H 

13^ 


in 


iH 

2H 

2H 

2H 

2H 

3 

3H 

394 

aH 

aH 

SH 

6>4 


rf' 

r 

Weight. 

in 

in 

lb 

*^e 

^ 

H 

»Ho 

H 

K 

1^8 

H 

xVi 

«M« 

H 

iVi 

iHo 

iH 

aH 

iHs 

iH 

3 

iM« 

iH 

sH 

.iW 

iH 

6 

iH 

iH 

9^ 

2H 

3 

I7V4 

2H 

2M 

so 

aW 

2H 

«7H 

2H 

2H 

36 

3H 

3 

46 

Beuiof 


sqm 


5.16 

6.69 

7-7« 

10.40 

if.?o 

i6.fo 

26.90 
sS.fa 

3»$a 

4990 
6t.to 

77-10 

92.9^ 

xio.ao 


For  sizes  not  given,  D  > 


4rf  +  M" 
rf  +  H 


J". 

T 


•i  +  H 
tf 


4.  Joints  of  Steel  Trusses 

Trusses  with  Riveted  Joints  are  usually  made  with  angles  f or  the  «<d 
members  and  generally  for  the  chords,  although  the  latter  are  sometimes  ma 
of  a  pair  of  channels  or  of  two  angles  and  a  web-plate.  The  memben  « 
connected  at  the  joints  by  means  of  gusset-plates,  to  which  all  of  the  membc 
are  riveted.  Typical  examples  of  riveted  joints  in  roof-trusses  arc  shown ; 
Figs.  22  to  24E.  When  the  rafter  or  chord  has  a  web-plate,  as  in  Fig.  23 
the  web-members  are  riveted  to  this  plate  and  a  gusset-plate  is  not  xcqiun 
except  at  the  end- joint  and  apex,  as  shown  in  Figs.  23a  and  23e.  In  order  th 
there  shall  be  no  twisting,  it  is  necessary  to  make  the  principal  members  of  U 
truss  DOtTBLE,  so  that  the  gusset-plates  can  be  riveted  between  them.  Whlj 
single  angles  are  used  for  web-members  and  two  such  members  come  at  «i 
joint  they  should  be  riveted  to  opposite  sides  of  the  gusset-plates.  For  eqS 
strength  the  thickness  of  the  gusset-plate  should  be  such  that  the  beaung  j 
the  rivets  equals  the  strength  of  the  rivets  in  double  shear,  the  thickness,  ho^ 
ever,  xiot  exceeding  the  combined  thickness,  of  the  two  angles.  Practical  OQj 
siderations  seldom  make  the  gusset  over  H  in  thick  for  ordinsxy  caostnidiol 
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Jointi,  which  ihcnild  be  done  to  >  mle  o(  not  lot  ihta  i  in 
mben  ibould  be  amiiged,  wliea  pncticAble.  ta  thu  the  liocs 
«u  ceateti  of  cr>vity  will  coiodde  with  the  ILdo  of  the  nins- 
.iiKetatadiiglepoiUMinRg.21.    Tliwiiiiotihnjnpnc- 


»    re-        Fig.  21.    Riveted  Tmsi-JQiiit  wiU 

rmioed  according  to  the  itms  in  that  member,  the  reastance 
IS  considered  far  both  sheasino  and  beakihg.  The  method 
le  number  of  rivets  in  >  joint  is  explained  in  Chapter  XII, 
re  clearly  the  application  to  tmss-joinls,  the  jointa  for  th« 
ig.  7  will  be  designed. 

ddoatloil*.  Trail  of  Fig.  7.  It  a  assumed  that  the  tnua 
1  three  parts,  mailing  all  the  joints  ehoP'SIVETED  except  thoM 
tees  at  each  end  of  the  piece  EH,  All  gusiet-plates  ate  to  bo 
ill  rivets  H-in,  except  in  the  i-in  legs  of  angles,  wbere  H-in 
used.  Snce  the  braring  of  a  H-fn  plate  on  a  H-la  rivet  at 
in  (Table  I,  page  1138}  h  5 S30  lb,  or  at  iSooolb  pei  sq  hi 
!  4ig)  is  5060  lb,  and  the  icnstaitce  of  the  rivet  Id  double  ihev, 
>lb<TaUe  in.  page4ig),  the  number  of  rivets  in  all  the  joints 
be  healing  value.    Only  one  leg  of  the  angles  will  be  connected 


Fit-  33a.    DelaO  of  Joint  D.  Fitk  Tr^ 


Lie  as  about  So%  of  the  full  strength  ol  the  angle  ia  thereby 
t  leia  than  three  rivets  are  used.  The  use  of  hitch-angles 
tog  leg  has  but  little  influence  in  increasing  the  efficiency  of  the 
ro  rivets  may  be  considered  the  minimuni  number  in  any  cm- 
ss  of  the  ummpoitaace  of  the  member, 
T.  The  top-chord  stress  is  ij  joo  lb,  and  if  one  rivet  cartk* 
c  gniMt-olate.  &ve  dvets  will  be  lequiied  to  aity  thit  total 
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stress.  la  like  manner  four  rivets  are  required  for  the  bottom  chord.  1 
supporting  force  or  the  reaction  is  transfeired  to  the  gusset  throng  the  boll 
choid  prolonged.  In  this  case  the  reaction  is  about  8  8oo  lb  which  veqaiiest 
rivets.    Fig.  22  shows  the  anraBgeoient  of  this  joint  at  the  expaaaioii-cnd. 

Joint  D,  Fig.  7.  The  web-members  each  require  less  than  one  rivet,  but  t 
or  three  should  be  used.  Since  the  top-chord  angle  is  continuous,  the  numba 
rivets  in  it  is  determined  by  the  difference  between  the  two  adjacent  strei 
and  the  load  of  the  purlin  if  it  rests  on  the  chord.  Here  again  the  number 
rivets  required  falls  below  the  minimum,'  number.    Fig.  22a  shows  this  joint 

Joint  E,  Fig.  7.  The  piece  CE  requires  four  rivets  and  the  web-membecs  I 
minimum  muiber  permiasible>    The  piece  EB  requinss,  at  20  000  lb  per  sc^ 


•  00  o  o  r       io_p  (0ll«  •.  • 


Fig.  22b.    Detail  of  Joint 
B,  Fiok  Truss,  Fig.  7 


Fig.  22c.    Detail  of  Joint  B  and  SpBee 
KB.  Fiak  TfUiS.  Fig.  7 


bearing  vaiue»  12  500/5  630  «  2.2a  rivets;  but  as  this  oonnection  is  one  to 
made  in  thb  cield,  it  is  cufltomary  to  increase  the  number  25%.  This  oil 
the  required  number  threes  Somethnes  the  outstanding  legs  are  spUoed  to  t 
memb^  C^  by  a  plate.  Without  doubt  this  increases  the  strength  of  the  joi 
but  it  is  doubtful  if  the  increase  in  stcength  is  enough  to  offset  the  extra  oa 
Fowler's  specifications  do  not  permit  the  piece  BH  to  be  connected  to  t 
gusset-plate.  They  specify  that  the  connection  shall  be  made  upon  the  right 
E.    This  arrangement  allows  the  use  of  a  smaller  gusset-plate  at  E  which  m 

be  counterbalanced  by  the  a 
ditional  metal  required  for  i 
splice  beyond  E.  (Figs.  2 
and  22c.) 

Joint  G,  Fig.  T.  The  piec 
BG  and  FG  are  saov-sivtn 
to  the  gusset  on  one  side  ai 
FIELD-RIVETED  ou  the  Other.  ] 
jrder.  to  make  the  joint  sfl 

Fig.  22d.    Detail  of  Joiat  G,  Fink  Truss,  Fig.  7     metrical,  the  number  of  saa 

RIVETS  is  made  the  same  1 
required  for  the  field-connection.  In  this  case  the  top  chord  requires  ft 
rivets  and  the  web-member  three.  Two  rivets  may  be  used  in  the  sag^i 
(Fig.  22d.) 

Fietd-Comiections«  Solts  are  often  used  instead  of  rivets  for  making  rat 
coMNEcnoNs.  If  the  bolts  fit  the  holes  snugly,  there  is  no  serious  objectiaai 
their  use.  In  fact  a  good  bolt  is  better  than  a  poor  rivet.  For  important  wd 
however,  bolts  should  not  be  used  unless  turned  true  to  size  and  driven  into  tn 
holes.    Opeff  holes  or  holes  for  fiecd-rivets  are  incHcated  by  black  cncui 

Shop-Drawings.  It  is  not  advisable  for  the  architect  to  make  oompli 
drawings  for  the  steelwork.  He  should  m^e  what  are  usually  designated! 
•BNBXAL  DRAWINGS.    These  are  made  to  scale  and  give  the^ieneral  dimeedli 


JoiBts  of  Steel  Trusaes 

Q 
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C  E       Span  70'  Blae  14'5' 

Fig.  23.    link-trass  Diagram.    (See,  also,  Figs.  23a  to  23e)  J 
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Fig.  23a.    Detail  of  Joints  il,  B  and  C  of  Fig.  23 


Fig.  23b.    DeUil  of  Joint  D,  Fig  23. 


m 


fpVo^o  •      •  ^••.•••>«^*J  'I* 


Fig.23c.    DetaHof Jaint£.Fig.23 
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and  sizes  of  the  various  members,  and  show  each  rivet  approximately  in  ill 
proper  position.  The  manufacturer  who  fabricates  the  structure  prefers  tfl 
make  his  own  shop-drawings  to  conform  with  his  standards  and  methods. 

Examples  from  Prmctice.  Figs.  23  to  23e  show  the  details  of  a  moden 
shop-truss.  These  details  were  taken  from  the  shop-drawings  but  with  tb 
rivet-spadng  omitted.    No  metal  under  Me  in  thickness,  or  rivets  under  H  n 


Fig.  23d.    Detail  of  Joint 
F,  Fig.  23 


Fig.  23e.    Detail  of  Joint  G,  Fig.  23 


in  diameter,  are  used.  Another  point  may  be  mentioned  in  connection  wit 
this  truss;  very  few  bevel-cuts  are  made.  The  contrary  appears  to  be  tl 
case  for  the  details  of  the  very  light  truss  shown  in  Figs.  24  to  24£,  in  w!n< 
bevel-cuts  are  made  on  the  angles  and  more  cuts  than  necessary  on  the  gusse 
plates.    These  two  trusses  were  designed  by  manufacturers  widely  scpanti 


SiTsV^"       ;C  l^h'xZH'Ji^'   jE 

I  I 

9'iOH' f «'10>J + 


MSTsjf^nr?" 


Fig.  24.    Ffnk-tnvs  Diagram.    (See,  also,  Figs.  24a  to  24p) 


and  are  quite  different  in  their  details;  and  the  variations  emphasize  the  fi 
that  the  architect  should  not  attempt  to  make  shop-drawimgs. 

Trusses  with  Knee-Braces.  Fig.  25  represents  joint  i  of  Fig.  55,  Cha|il 
XXVI,  and  was  engrav^  from  the  working  drawing  made  by  the  New  Jcsi 
Steel  and  Iron  Company,  Trenton,  N.  J.  Another  detail  of  a  truss-connedi 
to  a  column  is  shown  in  Fig.  26.  This  was  used  in  the  template-shop  roo(-tn 
Ambridge  plant  of  the  American  Bridge  Company,  Ambridge,  Pa.    Fig. 


F)fr344.    D«Ui  ol  JoiU  ^,  F!(.  H 


Fif-U*.    DeuH  of  Joiot  fl.  Tig.  34. 


Deaign  uhI  Ccnstracdon  of  Reof-TniMcs         Chap- 3 


n).Mc    Dctd  ol  Jdal  A  FW- M 


nf.34D.    Dcua  <<  Joiot  7.  F1(.  M 


J(bts  of  Sted  TniHM 


Tig.  2ta.    I>cUit  ol  Jdat  C,  FIf.  M 


[.  2S.      Deun  of  Joint 
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Fig.  26.    CoBDUtioo  d1  Sted  Tnui  with  StMl  ColoDut 


.  tU.  27.    WnU-CDd  ot  Sled  TniiL    Suppon  and  Ancboriag-diuib 


Fuilins  and  Puriin-Conncctioiis 
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6.  PoiUiii  and  Pnriin-Goanectioat 

Where  the  roofing  is  supported  directly  on  the  pxtrlins,  as  is  gen- 
ase  in  light  steel  roofs,  the  purlins  and  trusses  are  usually  spaced  so 
ler  that  simple  eouxd  shapes  may  be  used  for  the  purlins.    For 


FSg.28.   Puilin-coiuiectlaDS.    Sted  dips,  Angles  and  Z  Boa 


K    Purlin-coonections.    Steel  SectJons  with  Wooden  Nailing-strips 

n  tnisses  of  from  8  to  lo  ft,  angles  are  commonly  used,  and  for 
,  Z  BARS,  CHANNELS  and  I  BEAMS.    WooDEN  PDMJNS  are  often  used 
Lsses.    li  STEEL  PURUNS  support  wooden  rafters  or  plank  roofing; 
tip  of  wood  is  bolted  to  the  purlin,  as 
29.     When  the  distance  between  purlins 
»re,  a  line  of  H-in  rods  should  run  from 
>Ugh  the  purluis,  to  prevent  them  from 
s  plane  of  the  joof .     The  purlin  at  the 
e  designed  to  Uke  the  vertical  corn- 
stress  in  these  rods. 

inections.     Figs.  28, 29  and  30  show  a 
ious  methods  of  fastening  the  purlins  to 

Purlins.    Fig.  31   shows  the  cross- 

K£CTANGULAR   WOODEN  PURLIN  and  of 

ED  STEEL  SHAPES  employed  for  puiUnt.  pfg.  so.  Puilin-conaectioo. 
pa^  1x70^  when  using  wooden  purlins  Braced  Channel 

>r  the  stress  in  the  outer  fiber  is  true 

id  with  reference  to  the  principal  axes  of  the  section.  Then, 
l1  axis  does  not  lie  in  the  plane  of  the  loading,  the  loading  must 
(to  two  components,  respectively  parallel  to  the  two  prindpa/ 
so,  pages  573  and  593.) 
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Let  5'-  the  fiber-sti«flB  with  eefepeiice  to  the  principal  axis*  i4il,  for  the  R 
tangle,  i-i  for  the  I  beam  and  channel,  and  4-4  for  the  angle  and  Z  bar.  W 
the  bending  moment  of  the  component  of  the  load  which  lies  in  the  {dane  p 
pendlcular  to  the  above  axis.    I' »  the  moment  of  inertia  of  the  section  ii 


Fig.  31.    Sectioas  of  Wooden  and  Steel  PurUna 


reference  to  the  above  axis,  c*  -  the  distance  of  any  selected  fiber  from  I 
above  axis.  For  the  other  principal  axis  use  5",  M'^,  /"  and  C";  then  if  J 
the  resultant  fiber-stress, 

S  -  5'  4-  5"  -  Af  V//'  +  M"c"/r 
For  the  rectangle, 

5  -  5'  +  5"  -  6  J/VW*  +  6 M"/b^ 

Fot  the  channel  and  I  beam, 

S  'S'  -\-S"  '  M'd/2  /i-i  +  M"b/2  /,«, 

For  the  angle  and  Z  bar. 

The  application  of  these  formulas  offers  no  difficulties  except  in  tfe  4 
of  ANGLES  and  Z  bass.  For  the  other  forms,  the  values  of  /  and  c  aie  giv^ 
the  tables  of  properties  of  the  sectioas  (Chapter  X>.  The  locations  of  the  i 
cipal  axes  for  the  Z  bars  and  angles  are  also  given  in  the  tables,  but  the  vj 
of  c  are  not  given  for  any  of  the  fibers.  The  easiest  way  to  get  the  valnai 
ia  any  particular  case  is  to  draw  the  section  of  the  angle  or  Z  bar  fuU  ase,  la| 
the  priodpal  aies  and  then  laeasuce  the  actual  distances*  c. 
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CHAPTER-  XXIX 

WmB-BKACING  Of  TAJLL  BUILDINGS 

By 

N.  A.  RICHARDS 

OF 

PUKDY  k  HENDERSON,  INC.,  CIVa  ENGINEEKS 

1.  Data  for  Wind-Preaatire.    Building  Lawa 

Ddi&ca  of  Modem  Coaalmction,  (hat  is,  buildings  with  skeleton 
;  light  curtain  walb  or  ftUer  walls,  require  that  resistance  to  wind- 
considered  with  care.  The  proportioos  of  a  building  and  the  arrange- 
trength  of  the  walls  determine  to  what  extent  special  bracing  must 
I.  Building  ordinances  in  the  larger  cities  usually  require  consider- 
stated  wind-pressure.  Where  such  ordinances  do  not  definitely  fix 
d  pressure,  a  unit  force  of  30  lb  per  sq  ft  of  surface  is  generally 
proper  and  adequate.    (See,  also,  page  150.) 

Laws.    The  following  are  extracts  *  from  the  building  ordinances  Of 
City,  Chicago,  Philaddphia  and  Baltimore  with  reference  to  wind- 
Hew  York  (19  It) 

roMSiDESED.  All  buildings  over  150  ft  in  height  and  all  buildings 
>tiiJdings  in  which  the  height  is  more  than  four  times  the  minimum 
imension,  shall  be  designed  to  resist  a  horizontal  wind  pressure 
every  square  foot  of  exposed  surface  measured  from  the  ground  to 
le  structure,  including  roof,  allowing  for  wind  in  any  direction. 
y.  The  overturning  moment  due  to  wind  pressure  shall  not  exceed 
>f  the  moment  of  stability  of  the  structure,  unless  the  structure  is 
bored  to  the  foundation.  Anchors  shall  be  of  sufficient  strength 
ry  the  excess  overturning  moment,  without  exceeding  the  working 
bed. 

ti.E  Stresses.  When  the  stress  in  any  member  due  to  wind  does 
»  per  cent  of  the  stress  due  to  live  and  dead  loads,  it  may  be  neg- 
n  sucb  stress  exceeds  50  per  cent  of  the  stress  due  to  live  and  dead 
rking  stresses  prescribed  may  be  increased  by  50  per  cent  in  design- 
ihea  to  lerist  the  oombined  atteiMs.*' 

Chieago  (1915) 

1^  and  structures  shall  be  designed  to  redst  a  horizontal  wind 
enty  pounds  per  square  foot  for  every  square  foot  of  exposed  sur- 
aue  shall  the  overturning  moment  due  to  wind  pressure  exceed 
5r  cent  of  the  amount  of  stability  of  the  structure  due  to  the  dead 

produced  by  wind  forces  combined  with  those  from  live  and 
unit  stress  may  be  increased  fifty  per  cent  over  those  given  above; 
shall  not  be  less  than  required  if  wind  forces  be  neglected. " 

ntOy.  Form  in  general  not  edited  or  changed.  Some  par«graph«captioo.<i 
Lte  •ditor. 
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Phfladeiphia  (1915) 

Wind  Pressure.  "In  all  building  allowances  shall  be  made  for  wind  pi 
sure,  which  shall  not  be  figured  at  less  than  thirty  pounds  per  square  foot 
elevation  where  erected  in  open  spaces  or  upon  wharves.  In  high  buildia 
erected  in  built-up  districts,  the  wind  pressure  shall  not  be  figured  for  less  ti 
twenty-five  pounds  at  tenth  story,  two  and  one-half  pounds  less  on  each  sucoe 
ing  lower  story,  and  two  and  one-half  pounds  additional  on  each  succeed 
upper  story,  to  a  maximum  of  thirty-five  pounds  at  fourteenth  story  and  abc 

Wind  Bracing.  "  Wind  bracing  may  be  provided  by  making  the  conned 
joint  between  girders  and  columns  sufficient  for  the  vertical  load  as  wdl  as 
bending  due  to  side  pressure;  or  brackets  may  be  placed  at  this  joint,  prof 
tioned  for  the  side  pressure;  or  diagonal  bracing  may  be  placed  between  colun 
proportioned  to  transfer  the  shear  of  the  aide  pressure  to  the  footings. 

Base  of  Coluhn  must  be  Anchored.  Where  buildings  are  narrow  t 
tall,  so  that  the  overturning  due  to  wind  b  more  than  the  down  pressure  of 
unloaded  building,  the  base  of  column  must  be  anchored  down  to  a  siiflid 
foundation  to  counteract  this  upward  strain. "  * 

Baltimore  (2914) 

Wind  Pressure.  "All  ne^  buildings  exposed  to  wind  shall  be  made  stii 
enough  to  resist  a  horizontal  wind  pressure  in  any  direction  of  thirty  pounds 
square  foot  of  exposed  surface,  measuring  the  entire  height  of  the  building. 

Calculation  op.  "  The  additional  loads  caused  by  the  wind  pressure  ^ 
beams,  girders,  walls  and  columns  must  be  determined  by  calculation  and  ad 
to  other  loads  for  such  members,  as  provided  for  in  Section  19  of  this  Artie 

Special  Bracing.  *' Special  bracing  shall  be  employed  wherever  necesi 
to  resist  the  distorting  effect  of  the  wind  pressure. 

Overturning  Moment.  "In  no  case  shall  the  overturning  moment  dui 
the  wind  pressure  exceed  fifty  per  cent  of  the  moment  of  the  stability  of 
structure. " 

Magnitude  of  Unit  Strestet  Used  for  Wind-Preasure.  As  the  all 
extracts  indicate,  it  is  generally  considered  proper  to  use  high  UNrr  stres 
when  allowing  for  wind-pressure.  The  practice  is  based  on  the  assumption  ( 
the  HIGHEST  unit  wind-pressure  will  occur  very  infrequently  and  that 
duration  usually  will  be  limited  to  a  very  few  moments.  It  should  be  nc 
that  the  combined  stresses  due  to  wind-loads  and  dead  and  live  loads  shi 
not  exceed  ordinary  stresses  by  more  than  50%.  If  stresses  developed  bj* 
wind  alone  do  not  exceed  50%  of  those  due  to  dead  and  live  loads,  tb^  nu^ 
neglected. 


2.  Conditiont  Determiaiiig  or  Affectiiig  Wmd-Br«ciag 

Constrttction  which  Resists  Wind-Pressure.  The  dead  weight  of  a  bi 
ing,  the  exterior  walls,  the  interior  partitions  and  the  ordinary  coonectioa 
beams  to  columns,  all  aid  in  resisting  wind-pressure,  but  to  a  degree  wIk 
not  determinable  in  any  exact  way;  and  these  factors  vary  greatly,  aba 
different  buildings.  Any  allowance  for  these  factors  must  be  largely  a  qodl 
of  pure  guesswork,  or  it  may  be  judgment,  based  on  the  resistance  which  i 
buildings  have  offered  when  no  special  bracing  was  provided.  It  is  that 
best  to  make  special  bracing  take  care  of  all,  or  very  nearly  all,  of  an  Assd 
maximum  PRESSURE,  when  the  building  under  consideration  is  unusually  li^ 
construction,  or  when  its  proportions  are  such  as  to  make  resistance  to  4 
pressure  a  prime  consideration. 

*  Stress  is  meant. 

t  This  refers  to  a  section  of  the  Baltimore  building  lawi. 


Condidons  Determining  M^nd-Bradng 
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Width  as  Affecting  Wind-Pretture.    It  is  generally  safe  to 
ssure  in  structural  designs  for  buildings  ten  stories  or  less  in 

height,  where  the  average  width 
is  not  less  than  one-third  the 
height.  It  is  also  usual  to  omit 
spedal  provision  for  wind-brac- 
ing in  higher  buildings  where  the 
width  is  two- thirds  the  hdght» 
or  more.  The  writer  believes 
the  above  approximations  repre- 
sent conservative  practice,  so  far 
as  general  rules  are  possible. 

Dead  Load  as  Affecting 
Wind-Pressure.  A  building 
should  not  be  so  proportioned 
that  the  overturning  mouent 
of  a  wind-pressure  of  30  lb  per 
sq  ft  exceeds  75%  of  the  avail- 
able RESISTING   llOlfENT  of  the 

dead  load.  If  necessary,  the  ool- 
umns  should  be  anchored  to  the 
foundations. 
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S.  General  Theory  of 
Wind-Bracing 

Buildings  Considered  as 
Cantilevers.  Buildings  are  usu- 
ally considered  to  resist  wind  as 

C  1 
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PLAN. 


Tig.  1.    Section  and  Plan  of  Wind-braced  Building 

ROEKS  or  trusses,  planted  in  the  earth.    Assuming  a  building 
dimensions  shown  in  section  and  plan  in  Fig.  1.  with  a  wind-. 
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pressure  against  side  A,  the  waUs  A  and  B,  together  witk  the  oolooi 
beams,  etc.,  in  these  walls,  are  tbe  flanges  of  the  girders.  WaUs  C  aodi 
with  their  framing,  together  with  other  intermediate  lines  of  vertical  framii 
form  the  web  of  the  cantilever  and  transmit  the  vertical  shears.  Steel  bn 
ing  in  horizontal  planes  is  seldom  necessary,  as  ordinary  floor-constructio 
are  generally  sufficient  to  transmit  wind>loads  to  the  vertical  bracing.  In  sol 
cases,  however,  it  is  necessary  to  add  steel  bracing  in  the  floors.  Such  a  a 
is  found  in  the  tower  of  the  new  Custom-House^  in  Boston,  Mass.  The  e 
vators  and  stairs  are  next  to  the  west  wall  throughout  the  typical  stories.  Ud 
this  arrangement  there  is  no  adequate  provision  in  the  ordinary  floor-a»stn 
tion  for  a  wind-pressure  on  the  north  or  south  face  to  reach  the  resbting  bead 
in  the  west  face,  as  the  various  open  wells  cut  off  nearly  all  durect  coooecd 
between  the  floors  and  this  wall.  Flat  plates  were  therefore  added  on  top  of  t 
floor -beams  at  each  floor-level,  running  out  from  the  wall  girders  behind  t 
wells  into  the  main  floor-construction,  and  attached  at  each  end  with  coon 
tions  sufficient  to  transmit  the  horizontal  increment  of  the  wind-pressore 
each  floor  to  the  bracing  which  resists  it. 

4.  An«nf  ement  of  Wind-Bracing 

Usual  Position  of  the  Bracing.  As  wind-pressure  is  assumed  to  be  n 
formly  distributed  over  the  face  of  a  building,  it  is  best  to  arrange  systenu 
bracing,  as  nearly  as  may  be,  symmetrically  about  the  axb  of  each  face.  I 
generally  easier  to  conceal  in  the  exterior  walls  the  required  knees  gusset^ 
other  braces,  and  bracing  is  usually  placed  there.  When  tiie  lines  of  bnc 
have  been  selected,  the  areas  of  wall-surfaces  which  bring  wind-pressure  to  0 
are  readily  determined. 

Bracing  of  Buildings  of  Irregular  Plan.  Some  buHdinga  are  of  such  shi 
that  it  is  impossible  to  provide  bracing  of  equal  stiffness  In  lines  ^nunetB 
about  the  centar  of  wind-peessure.  This  is  notably  true  when  the  pUi 
TRIANGULAR,  as  in  the  so-called  Flatiron  Building  or  in  the  Times  BuiM 
New  Yorlc  City.  The  result  is  a  tendency  in  such  buildings  to  twist  aboc 
VBRTICAL  AXIS.  The  analysis  of  the  resbtance  offered  by  a  building  to  a  ti 
of  this  sort  is  unsatisfactory  and  complicated.  The  stresses  produced  in  1 
usual  case,  however,  are  snudl,  if  not  negligible.  In  the  examples  mentia 
above,  provision  against  twist  is  made  by  the  use  of  deep  spandrel  gircka 
around  the  building  at  each  floor-level. 

S.   Types  of  Wind-Bracing 

Ordinary  Beam  and  Girder  Cotomn-Connections.    Wind-bracing  sis 

be  so  proportioned  that  the  joints  between  horizontal  and  vertical  membas 
sufficient  to  prevent  the  distortion  of  the  frame,  and  the  main  horizontal  i 
vertical  members  sufficient  to  resist  any  bending  moments  produced  throuil 
the  joints,  as  well  as  any  direct  loads  coming  on  them.  The  okdinaxy  com 
TIONS  of  steel  beams  to  steel  columns  (Fig.  2)  provide  considerable  resistaod 
a  distortion  from  side  thrust.  This  is  also  true,  of  course,  of  coonections  hedj 
beams  and  columns  made  of  cast  iron  or  concrete;  but  as  these  types  are  nor 
adapted  to  construction  where  wind-bradng  is  required,  they  will  not  be  1 
.aidered.  A  usual  connection  for  beams  or  girders  to  columns  consists  of  < 
ANGLES  above  and  below  the  beam,  and  perhaps  a  stiffener  below,  if  the  Ij 
is  large.  Usually,  in  high  buildings,  four  rivets  are  used  to  connect  either  m 
to  the  clip-angles  above  and  below,  and  four  to  connect  each  clip  to  tbe  odta 
The  value  of  four  rivets  in  single  shear,  multipUed  by  the  depth  gC  the  n 
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no  VAI.OX  of  luch  a  coanecUiKi  igwort  k  moneot  dus  to  sda 
ji  the  aus  of  vciy  high  or  nanow  buUdings.  lU  rLvet»  ue  some' 


Rj.  a.    HaiT7GiRieruid 


u  tha  wbkd)  to  colamiu  act  at  thdr  full  value  to  resist  (be  wind- 
itcdly  vTijog.  because  the  many  connections  could  probably  nof 
rk  at  the  same  tnti^  and  also  because  buikling-Cranies  are  leMon 
It  lucb  a  resolt  could  be  possible,  under  any  rational  assumption. 
I*  distribution  ol  the  vertical  shears.  Snie  cups  are  sometimes 
oiumn-cennections  to  tumsh  additional  Mi£fness.  They  are  nut 
,  hewtver.  as  on  moat  beams  they  are  not  deep  esougb  to  help 

imn-CoDiwctioili  In  WndrReiiitance.  Columa-connectiona 
made  very  heavy,  as  shown  in  Tig.  3.  A  connection  of  this  kjiid 
id  to  resist  a  hwse  Twm.  Tbe  iiaunHD  value  is,  ol  cnne, 
w  restsdac  moment  of  tbe  rivets  coODCCtiag  tlie  beam  to  the  ciil>- 
■e  coaaettioii  of  the  aoglet  to  the  column.  This  type  isuaedwheiw 
to  wind  is  provided  for  ia  a  very  large  number  of  conaectjoob 
\,  Ihrougbaut  the  buildiag.     Such  an 


1176  Wind-Bracmg  of  Tall  Buildings  Chap.  2! 

ammgement  was  used  in  the  Hudson  Terminal  Buildings,  New  York  CH| 
There  are  several  objections  to  this  type  of  connection.  Double  beams  « 
girders  are  required,  and  the  resulting  finish  is  awkward  in  appearance;  td 
cost,  also,  of  double,  compared  with  single,  beams  and  girders,  is  high.  Tb 
additional  fireproofing,  also,  increasea  the  expense,  and  on  the  whole,  it  does  no 
generally  prove  a  satisfactory  method  of  stiffening  a  building. 

The  Gusset-Plate  Type  of  Wind-Bradng.  In  addition  to  ordinary  beai 
and  girder-connections,  as  described  in  the  preceding  paragraphs,  there  ai 
several  distinct  types  of  special  wind-bracing  commonly  employed.  Perfaai 
the  most  common  form  is  the  gusset-plate,  shown  in  Fig.  4.  This  is  nc 
usually  an  economical  type,  as  it  requires  much  field-riveting  and  results  i 
large  bending  moments  in  the  columns  and  girders.  It  accommodates  ltd 
well,  however,  to  walls  in  which  there  are  openings,  and  is  generally  easily  on 
cealed  by  architectural  treatments. 

The  Knee-Brace  Type  of  Wind-Bracing  shown  in  Fig.  5  is  also  coo 
monly  used  where  wind-bradng  is  placed  in  exterior  walls. 

The  Sway-Rod  Type  of  Wind-Bracing  shown  In  Fig.  6  is  theoretical 
the  most  economical  type  of  wind-bradng,  but  is  now  little  used.  It  b  diffico 
to  arrange  openings  in  walls  or  partitions  in  which  the  sway-rods  are  phoa 
and  they  cut  up  the  masonry  considerably. 

The  Latticed-Girder  Type  of  Wind-Bradng  shown  In  Fig.  7  is  sometifli 
used  where  deep  bracing  is  desirable  for  stiffness,  and  where  the  stresses  a 
light. 

The  Portal  Type  of  Wind-Bradng  shown  in  Fig.  8  is  cumbersome  ai 
expensive,  but  is  sometimes  necessaiy  where  large  openings  are  required  betvci 
columns. 

f .  Computation  of  Wind-Strssses 

The  Shears  to  be  Transmitted  by  Wind-Bradng  of  any  Type  are  1l 

same  in  any  given  case,  but  the  bracing  of  each  type  transmits  these  shears  m 
different  manner,  and  thus  each  must  be  considered  separately.  It  is  as  tboa| 
a  PLATE  GIRDER  wlth  SOLID  WEB  were  set  on  end  in  the  ground,  a  side  thrust  t 
erted,  and  the  web  then  cut  away  at  successive  levels  corresponding  to  d 
stories  in  a  building.  The  amount  of  the  shears  to  be  transmitted  between  tl 
flanges  would  not  vary  as  holes  in  the  web  were  made,  but  the  road  by  whkh  1^ 
shears  traveled  would  need  to  be  determined  by  the  character  of  the  resnltii 
construction  after  the  holes  were  cut;  and  the  exact  character  of  the  secowfai 
stresses,  also,  set  up  in  the  remaining  portions  of  the  web,  would  depend  s 
tirely  upon  the  number  and  size  of  holes  and  their  position  in  the  web.  H 
investigation  of  the  shears  and  moments  taken  care  of  by  the  individual  menhl 
of  a  bradng-system  may  be  likened  to  a  study  of  the  secondary  stresses  in  ll 
mutilated  web  in  the  imaginary  plate  girder  described  above.  For  a  buikb 
it  is  generally  convenient  to  determine  the  vertical-shear  increments  at  cM 
level  of  bradng,  and  use  these  increments  in  the  further  analysts  of  the  bcndil 
moments  and  shears  in  the  individual  members  of  the  system. 

7.  Illustration  of  Method  of  Computing  Wind-Stresses 

Thrusts,  Vertical  Shears  and  Moment-Increments.  If  bracing  is  pbd 
in  the  walls  C  and  A  Fig.  1,  it  is  assumed  that  one-half  the  length  ol  the  boia 
contributes  pressure  to  each  line.  Let  it  be  further  assumed,  for  the  pfcsii 
that  these  lines  of  bradng  are  the  only  features  of  the  construction  offcris| 
resistance  to  wind-bradng  against  side  A.    Then,  sswiming  the  wind  to  \M 
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%  per  sq  ft,  perpeadicular  to  side  A,  there  are  horizontal  thrusts 
on  each  line  of  bradng,  of  50  by  13  by  30  lb,  or  18  000  lb.  Re- 
e  I,  page  11 78,  there  are  found  Usted  in  the  second  column  of  the 
izontal  thrusts  at  each  floor.  It  is  assumed  that  no  additional 
"eached  the  building  below  the  fourth  floor.  In  the  third  c(^umn 
se  borizoatal  thrusts,  ZH,  are  summarixed  from  the  t(^  down  to 
giving  the  total  horizontal  thrusts.  For  example,  203  500  lb 
izontal  thrust  down  to  and  including  the  tenth  floor.  Each  tier 
t  transmit  a  vertical  shear  equal  to  the  difference  in  flange- 
1  point  midway  in  the  story  above  the  tier  in  question,  and  a 
1  the  story  below.  This  difference  of  flange-stress  can,  of  course^ 
rertaining  the  difference  in  bending  moments  between  the  two 
iing  by  the  effective  depth  of  the  system,  as  in  a  plate  girder  or 
}w  appear  that  the  differences  in  moments  applying  to  each  tier 
>und  and  tabulated.  These  will  be  called  the  moment-incrE' 
ave  been  tabulated  for  the  assumed  case  in  the  fifth  column  of 
ourse,  the  sum  of  all  the  moment-increments  must  equal  the 
riNG  ifOHENT  of  the  wind.  The  simplest  way  to  obtain  the 
It  for  any  tier  is  to  multiply  the  total  horiaontal  thrust,  ZH, 
d  in  question  by  the  distance  between  points  midway  in  the 
below  the  tier.    Thus,  for  the  tenth  floor,  202  500  by  Z2  equals 

iti  of  Vertical  Shear  are  found  by  dividing  the  moment* 
:  effective  depth  of  the  cantilever,  in  this  case,  47  ft.  The 
ENTS  are  listed  in  the  sixth  column  of  the  table.  It  is 
full  depth  between  outside  colunms  as  the  effective  depth  of 
bis  is  not  strictly  correct  where  there  are  four  or  more  columns 
;  bradng,  but  the  assumption  is  made  on  the  ground  that  the 
lish  flanges  which  are  so  many  times  more  effective  than  the 
ins  that  the  latter  may  be  neglected.  If  there  are  a  number 
Jane  of  the  bracing,  say  six  or  seven,  this  assumption  becomes 
te,  and  the  effective  depth  should  be  reduced.  The  functios 
eretofore  stated,  is  to  carry  between  the  flanges  at  each  floor 
a  of  vertical  shears  thus  found.  The  summation  of  all  the 
from  the  top  down  gives  the  total  vertical  load  and  up- 
on  the  comer-columns,  or  more  correctly,  on  the  outside 
r. 

Shear.  In  this  assumed  case,  the  total  uplift  exceeds  the 
live  loads  on  the  comer-columns.  This,  however,  is  not 
f e  are  sufficient  means  furnished  for  transferring  any  excess 
the  walls  A  and  B,  which  act  as  flanges  to  the  wind-resisting 
rule,  the  side  walls  of  a  city  building  are  not  much  reduced 
hiffber  buildings  there  are  usually  spandrel  beams  in  the 
With  such  an  arrangement  a  considerable  amount  of  excess 
are  of.  In  some  cases  special  bracing  may  be  necessary,  at 
I  of  walls  A  and  B. 

ml  or  Flange-Stress.  When  considering  any  question 
LZ,  LOAD  or  upurr,  such  as  the  one  described  in  the  pre- 
ahould  be  kept  in  mind  that  totals  should  be  used  without 
Vertical  forces  forming  couples  to  resist  the  wind  must 
tiey 'are  transmitted  through  the  masonry  walls  or  through 
Referring  again  to  the  illustration  of  the  plate  girder  set 
srtical  ahears  are  dependent  only  on  the  force  of  the  wind 
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4uid  the  effocdve  depth  <A  the  girder.  The  exact  web-sikess  wiH  vary  with  ill 
loon  and  arrangement  of  the  web,  but  the  total  vertical  or  FLANGE-srui 
uiist  remain  the  same  in  any  case. 

Indetenniiiate  KesittAnce-Factors.  An  anal3rsts  which  makes  no  allowano 
for  the  Tedstance  of  walls,  ordinaiy  connections,  etc.,  to  wind  is  fairly  dirafi 
and  simfde,  and  the  bracing  can  be  proportioned  with  as  much  precision  as  an] 
structural  feature.  When  the  wind-resistance  of  a  building  is  a  primary  coi 
^deration,  as  in  a  tower,  the  analysis  should  be  made  thus,  for  only  in  this  in| 
can  a  result  be  obtained,  where  it  is  not  required  to  rely  on  almost  unsuppoite| 
judgment  for  the  value  of  indeteeminate  factors  of  eesistance.  Whei 
however,  ordinary  buildings  of  usual  proportions  are  under  consideration,  it  | 
customary  and  well  to  make  allowance  for  the  intedejucinate  factors,  to  t!^ 
best  of  one's  judgment.  This  is  necessary  for  economy,  and  is  perfecUy  prop^ 
so  long  as  usual  cases  are  to  be  dealt  with. 

Tablo  I.    Thrusts,  Shean,  lCoin«Bt*lBcreiBiOBt^  oto^  for  tbm  BviMiag     i 
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8chem«  tor  D«Tek»^iig  Siiedal  Bradng.    The  writer  offers 
as  a  reasonable  and  consistent  scheme  for  developing  speciai* 
•uch  allowances  are  considered.    Unfortunately,  it  does  not 
recommend  any  method  of  determining  the  correct  allowances,  ca 
cral  guides  as  are  mentioned  in  Subdivision  2,  poge  ix73<    In 
Oke  familiar  with  constniction  and  usual  practice  «faoidd  \ 
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0  Uk  top  It  wUI  be  safe  to  laiuae  the  buSding  rigid  and  secure  MEUnat 

laiil  spedil  bredng.  In  this  owe,  let  it  be  uaumed  that  the  btuldiog 
lA  ufely  relating  the  wind,  without  the  aid  o<  spedaj  bradng,  as  far 
K  thirttent}!  Son.  Then,  assuming  that  the  walb,  bmm-rannectioiis, 
in  reuonably  tbe  same  in  the  floors  beloir,  It  is  fair  to  say  that  the 

1  the  incfemeat  at  tbe  fourteenth  floor  can  be  deducted  (njm  the 
KTcment  at  rach  floor  below. 

•d  Vertical  Incrententa.  The  cobaected  vEancAi.  njciKiixins 
us  manntr  should  be  used  only  in  the  propartianing  of  spedal  bradng. 
kTrtuming  moment  of  tbe  wind,  and  the  full  vetciod  shears,  should 
donsidcriog  all  other  effects  of  the  wind  and  the  resistance  of  the 
it  II  should  also  be  borne  In  mind  that  this  method  of  proportion- 
;  is,  at  best,  largely  dependent  upon  individual  oi»nion,  and  in  any 
le  It  is  far  better  to  err  on  the  safe  side,  even  to  the  citent  of  disre- 
jgetber  Uie  uncertain  factors  of  resistance.  The  (x>iikecied  vertical 
s  foe  the  awumed  ca.'ie  have  been  listed  in  the  eighth  column  of 
Since  tlie  flanges  of  the  building,  acting  as  an  upright  cantilever 
1  been  aMomed  concentrated  in  the  outside  w^s  .4  and  B  (Fig.  t),  it 
:  tbe  v£tTicAL«iiEAi  iscKoams  inD  be  amstant  from  oulade  to 


i«]y«li  of  SbeMSi  in  Dillaraiit  Tn*«  of  Vind-Sraciiis 
icontll  llknata,  wUch  oust  be  canied  by  tke  bradng  at  each  lerd 
re  amafl  and  can  aauaUy  be  n^kcted.    The  h 

■level    oji 

tbe  bori- 

lure  of  the 


UJ  Bod- 
•».  Tbe 
the  brac- 


.  is  usually 

I  ccnnperi- 

!  shearing 

the   col- 


■dency  to  distort  tbe  frame,  chaugng  the  antk  between  tin  vertical 
members;  that  is,  the  columns  and  gilders.  For  this  invesligatioa,  a 
wd  Is  considered,  with  gusset-plalesat  either  end,  asahomi.  Tb«e 
ct  to  prevent  tbe  <Ustoition,  and  since  th<v  both,  at  dtberoid,  I*' 
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Bist  the  same  wind-action,  the  twisting  moment  in  each  has  the  same  sign.  Bol 
they  twist  in  the  same  direction  at  opposite  ends  of  the  girder,  there  is  somewbg 
along  the  girder  and  between  the  gussets  a  point  ov  nnPLEcnoN  or  a  k>int  op  i 
BENDING.  The  position  of  this  point  varies  with  the  relative  strength  of  the  ti 
gussets,  but  for  simplicity  it  is  usually  assumed  midway  between  them  and  tb 
are  then  proportioned  to  take  care  of  the  resulting  moments.  Let  the  point 
inflection  in  the  example  be  thus  taken.  As  there  is  no  bending  moment  at  tl 
point,  the  bending  moment  at  any  other  point  on  the  girder  may  be  found  I 
multiplying  V,  the  increment  of  vertical  shear  for  the  level  in  question,  by  t 
distance  from  the  point  of  inflection.  So,  at  the  toe  of  the  gusset-pUte,  t 
bending  moment  on  the  girder  equals  V  multiplied  by  e»  and  thb  is  the  icaximi 
BENDING  MOKENT  ON  THE  GIRDER.  The  flange-stress  having  been  determia 
from  this  bending  moment,  it  is  possible  to  flx  the  number  of  rivets  requE 
to  fasten  the  flanges  to  the  gusset.  The  connection  of  the  web  to  the  gus 
must  provide  for  a  shear  equal  to  K.  Y  multiplied  by  /  gives  the  moment  pi 
duced  through  the  gusset  at  the  face  of  the  colunm.  The  rivets  connect! 
the  gusset  to  the  column  must  be  sufl^dent  to  resist  this  moment. 

Points  of  Inflection  occur  in  the  columns  midway  between  the  gusMts,  ji 
as  in  the  girders.  The  bending  moment  in  the  colimm  may  be  obtained  appra 
mately  by  assuming  the  moment  exerted  through  the  gusset-plates  to  beappi 
in  the  form  of  a  couple  acting  at  points  two-thirds  of  the  way  out  from  the  col 
of  the  gusset  to  the  tips,  as  indicated.  The  maximum  bending  moment  ix  ea 
COLUMN  will  then  be  the  horizontal  force  P  multiplied  by  i.  P  is  obtained 
multiplying  K  by  /  and  dividing  by  c,  /  being  the  distance  from  the  inflecti 
point  in  the  girder  to  the  axis  of  the  column,  and  c  being  the  distance  hetwi 
the  inflection-points  in  the  colunm  above  and  below  the  girder. 

Gusset-Plates  on  Both  Sides  of  Column.  If  there  are  gusset-tlates 
TWO  SIDES  of  a  column,  as  is  usual  on  interior  colunms,  the  maximum  bendl 
moment  in  the  column  will  be  the  sum  of  the  maximum  moments  due  to  a 
gusset.  Gusset-plate  connections  are  easUy  arranged  with  plate  girders  or  % 
double  channels,  or  even  with  Z  beams. 

Stresses  in  Knee-Braces.  Let  Fig.  5  represent  a  typical  panel  of  m 
BRACING.  As  described  in  the  preceding  paragraphs  on  gusset-plates,  there  n 
be  POINTS  OF  INFLECTION,  and  consequently  points  of  no  bendino,  in  the  giH 
and  also  in  the  columns.  These  points  are  assumed  midway  between  the  e 
of  the  knee-braces  in  both  the  columns  and  girders.  Let  Y  be  the  voti 
increm^t  for  the  level  under  investigation. 

Then  P-F/A 

and  the  reaction  of  the  girder  at  the  column, 

K  -  Yalh 

Since  Y  and  R  act  always  in  the  same  direction,  S  must  be  equal  to  theirs 
Hence  S^R^-V 

Maximum  bending  moment  on  girder  ^  Va 

or  the  equivalent 

Maximum  bending  moment  on  girder  »  Rb 
Maximum  bending  moment  on  column  >-  P3 
Stress  in  each  knee-brace  -  V6  5  cosecant  ec 

It  is  evident  that  R  is  the  shear  an)rwhere  between  the  tntcnection-pQiB 
the  center  line  of  the  knee-braces  and  the  columns,  and  that  V  b  the  shcsri 
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tween  the  braces  at  either  end  of  the  girder.  M  web-splices,  and 
Ntcfa  of  flaoge-rivets,  must  be  proportioned  from  these  shears. 

lement  of  Braces  for  Ho  Bending  Moment  in  Girder  or  Colnnin. 
rent  from  the  above  that  the  nearer  a  and  d  approach  zero  the  less  the 
Qomeats  m  the  girder  and  column  become.  If  the  intersections  of  the 
es  of  the  braces  can  be  arranged  so  that  a  and  d  become  aero>  there 
>  BENDING  MOMENTS  in  the  girders  or  columns. 

irnces  on  One  Side,  Only,  of  Girder.  It  is  often  necessary  to 
JVEE-BRACES  ON  ONE  STOE^  Only,  of  the  girder,  either  above  or  below, 
of  this  kiod  the  girder  itself  serves  as  one  arm  of  the  brace,  and 

The  stress  in  the  single  knee  «  S  oosecanta 

r  are  as  determined  above,  but  there  must  also  be  taken  into  account 
ntal  stress  in  the  girder,  due  to  its  action  as  one  arm  of  the  brace» 

Horizontal  stress  in  girder  -  F//(^  <;- ^ 

nection  between  the  column  and  the  girder  must  provide  for  the  com- 
>n  of  iS  vertical  and  Vl/iH  c  —  d)  horizontaL 

s  is  Sway-Roda.  For  the  correct  analysb  of  sway-bracino  (Fig.  6), 
1  increments  should  be  found  in  a  manner  slightly  different  from  that 
n  Subdivision 
1176-9-     The 

pressures  are 
!>efore^  except 
otal  pressures 
top  down  to 
iclude,  in  each 
Iditiooal  prea- 
(t  areas  of  one- 
y  below.  The 
ve  each  level 
;  the  story- 
w.     (See  scc- 

1  and  fourth 
^ablel.)  The 
:rements  are 
s  for  the  other 
pt  for  these 
ations;  and, 
i  vertical  in- 
Lre     constant 

each    story. 

IK  ANY  Di- 
als tJie  verti- 

it  in  the  story  multiplied  by  the  cosecant  of  the  angle  u  (Fig.  6). 
1  that  the  diagonals  are  used  for  tension  only  and  that,  consequently, 
tem  acts  at  a  time.  Each  horizontal  member  must  take  compression 
vertical  increment  in  the  story  below,  multiplied  by  the  cotangent 
5  joints  are  arranged  so  that  axial  lines  of  members  intersect,  there 
tndiog  either  in  the  oolmnns  or  the  horizontal  members. 

in  Latticed  Girden.  Let  V  in  Fig.  7  equal  the  vertical  increment 
r.  As  in  the  other  types,  V  is  constant  between  the  columns,  and 
any  diagonal  equals  V  multiplied  by  the  cosecant  of  a.    As  in  tbe 


Fig.  6.    Sway-rod  Type  of     Fig.  7.   Latticed-girder  Type 
Wind-bracing  of  Wind-bracing 
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OUBSKT-TYPB  and  rNES-BftACE  TTPB,  there  is  no  bending  at  the  middk  aedi 
of  the  gilder-length,  and  axuequently  no  stress  in  the  middle  section  of  i 
top  chord.  The  nvuimuoi  bending  moment  in  the  girder  is  at  the  oolumn-b 
and  this 

Maximum  bending  moment  in  the  girder  —  Vf 

The  maximum  chord-stress  is  at  this  same  point,  and  this 

Maximum  chord-stress  «  Vf/k 

The  connections  of  the  chords  to  the  columns  must  provide  against  thb  m 
imum  stress. 

P'-Vl/c 
and  the 

Maximum  bending  moment  in  the  oolumn  »  Pd 

StTMset  la  Portal  Brmdng.     It  is  not  possible  to  analsrze  exactly  i 
stresses  in  portal  bkacing  (Fig.  8),  when  it  is  used  in  ooonection  with  oofain 

of  continuous  section.  The  analyasij 
given  follows  that  of  C.  T.  Piirdy  in**  Mol 
Framed  Structures. "  It  is  considenMsr 
the  safe  side,  and  for  ordinary  cises  < 
well  be  followed.  In  a  large  buikfiog,  irh 
much  bracing  of  tids  type  might  be  a| 
the  exact  form  of  the  postals  shooV 
determined,  and  gteater  allowance  made 
the  effect  of  continuous  oolumns. 

Let  XH  equal  the  accumulated  force 
horizontal  shear  from  the  wind  at  tbc  ft 
next  above  floor  M,  appBcd  half  on  i 
side  and  half  on  the  other.  Let  Bt  cq 
the  force  of  the  wind  or  the  shear  Snt 
tributaiy  tofloorlf.  Then,  taldag  monfl 


KZH 


about  O  (Fig.  8) 


t 


or 


Fig.  8.    Portal  Type  of  Wind-bracing 


i 


X    !   X'i  r-(SJ7+J70^/2/ 

/  I         ^  T  and  the 

T^  X  ^^  Horizontal  reaction -^i  (2^  + a 

To  determine  the  maximura 
curved  flange  t,  assume  a  point  p  in 
flange  r,  horizontally  distant  x  from  the  line  WW,  and  at  the  distance  % 
ured  normal  to  a  tangent  to  any  point  in  the  flange  I;  then,  taking  < 
center  of  moments  at  the  left  extremity  of  the  distance  x,  the  stress  in  ' 
flange  i  multiplied  by  y,  equak  V  multiplied  by  x,  or  Vx/y  equals  the  streai 
the  flange  t,  at  the  section  taken,  and  this  is  a  maximum  when  x/y  hns  its  gn 
est  value. 

Each  leg  of  the  portal,  including  the  coKunn,  may  be  considered  ns  a  cal 
LEVEK  with  two  forces  acting  on  it,  the  horizontal  force  H  (2i7+  Hi)  and 
vertical  force  (ZH-^  Hi)  cfi  /,  the  flange  /  (of  the  right  leg  for  example)  hi 
in  COMPKESSION  and  the  column  itself  acting  as  a  tenS!ON-<3I0rd.  Assonis 
pdnt  on  the  axial  line  of  the  colunm,  distant  an  from  the  bottom  of  the  legl 
at  right-angles  to,  and  distant  yi,  measured  nomal  to  a  tangent  to  any  poiil 
the  flange  I,  and  taking  moments  about  this  assumed  point,  the  stress  in 
isnge  /  multiplied  by  >i  equals  Vi  (Sff + Hi)  multiplied  by  tt,  or  tke 
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imJs  H  (Zi7+Hi)  mukipUcd  by  xi/yn,  and  tkis  is  a  maiinuim 
its  greatest  value.  There  ia  appKNdoMtbn  in  this  treaiment, 
i  side  of  safety.  If  the  flange  /  has  a  section  proportioned  to 
i  sticMes  die  nquineoMnta  wiH  lie  fulfillad.  The  stress  in,  and 
uind  for,  the  flange  r  can  be  obtained  in  a  similar  manacr.  The 
e  portal  above  this  flange  to  the  portal  and  column  above  must 
w2]  safely  resbt  the  stress  H  2^  at  each  leg. 

ination  of  Dead  and  liya  Loada  with  Wind-Loada 

idplat.    It  usually  happens  that  the  same  girders  that  are  used 

serve  also  to  carry  floors  or  walls.    The  dead  and  live  loads 

leied  with  the  wind,  and  the  kesultant  combxnbd  sraKWEft 


0.    IVpes  of  Columns  Arranged  for  Wind-bradng. 

ould  be  borne  in  mind  that  the  maximum  bending  moment 
i  is  often  at  a  point  on  the  girder  more  or  less  removed  from 
um  bending  moment  for  dead  and  live  loads.  When  kesult- 
oiSENTS  are  considered,  in  which  the  forces  are  the  wind-load 
ead  loads,  it  is  generally  deemed  proper  to  use  unit  stresses 
lose  of  common  practice  under  usual  loading.  The  columns 
ted  for  direct  live,  dead  and  wind-loads  and  for  the  bending 
KB8UI.TANT  STKESs,  agaifl^  shouU  not  exceed  150%  of  the 
sed  for  live  and  dead  loads  only.  It  is  often  best  to  design 
idal  view  to  proper  connections  for  bradng.    This  aids  in 
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I*.   Wind-BradDc  of  Vat«r-Toiran  and  Slmilat  Stracna 

Th*  PrindplM  lB*olv«d  lo  Wator-Towar  Bradoc.    Id  the  < 

TOWEi  WTIHOUT  MASONRY  WAUS,  a  problem  is  presenleci  much  sim; 

ibat  oi  a  building,  ■ 


cliniaatBd.  The  braisiis  ita 
be  dedgncd  to  nsbt  the  I 
wlDd-prattute.  Uahodd 
borne  in  mind  thM  ia  wal 
towen  Uk  tondilion  oi  minim 
STADILITV  obtainl  when  the  N 
is  empty.  The  moM  codib 
form  tor  towcr-bracixiK  fc  ' 
.  bwaX-iAd.  The  aiwlysi 
streSKi  ii  the  uine  bi  descii 
on  pese  iiSi.  The  apfiScat 
of  the  thnut  b  UiBcIy  at  tbc  1 
where  the  tank  stands,  bail  I 
dun  oat  in  any  way  altci  tkai 
alyHS,  Thelegsof  water-toa 
are  frequently  sloped  t»  ^ 
greater  spread  at  tbc  botll 
In  this  case  the  streraes  aR  ii 
readily  dneunlned  by  caul 
METHODS  than  by  alscl* 
or  trijDnranetrica]  o 
(See  Chapter  XXVII.)' 

n*  *OTMia<  Vmit  tim 
toia*  ahould  be  aomewh 
greater  for  towers  than  (or  bid 
fngs.  Towers  are  sma]]  in  <• 
paiiscm  with  ixiitdias^  and  ) 
probability  of  the  f  uQ  wind-i> 
sure  being  dcveJopcd    ovar  i 

ably  40  tb  per  sq  ft  is  ami 
Pretsure  against  a  cvunhuc 
BODY,  such  as  a  tanL,  may 
taken  at  about  two>thinis  nl  I 
lull  preuure  against  tbc  pnj 

tion   on  the  diametrical   pla 

The  strenes  under  thisasan 
pnasuie  ahouhl  be  kept  wid 
usual  bounds  for  ordinary  ifa 
or  live  loads.    The  anchon^c 

each  post  should  exceed,  by  ■  safe  Toargin,  the  lull  uplift  -*--  '      ' 

pressun.    The  weight  of  water  in  the  Unk  should  not  he 

the  upHfl, 
A  Good  Eumpla  ot  a  Staal  Tator-Towar  i>  dcicribed  and  iHustrated 

the  Engineering  Record  of  June  10,  190J,  the  stress-diagrams  and  detalb  <i  « 
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liteball  BuiUiaa.    Wind^nciiig  oa  line  I,  Fig.  10 
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Recent  Szamplei  of  Wind-Bradng  in  Tall  Bnildliigs* 

UtehiU  Bofldiiict  (Figs.  10 
to  14  West  Street,  New  \ork 
Its  of  a  thirty-one  story  addi- 
earlier  Battery  Place  Building. 
;  older  twenty-story  building 
be  south.  As  the  pUn,  Fig.  10, 
;  building  is  very  long  and  nar- 
tnpared  with  iti  height  and  it 
ypeinwfaichwind-bradng  must 
'  an  essential  leature.  The  six 
Dg  indicated  on  the  plan  (Fig. 
3man  numeials  and  the  letters 
osen  so  as  to  interfere  as  little 
h  the  requirements  of  the  plan. 

were  used  as  far  as  practi- 
everai  instances  it  was  neces- 
rssBTS  because  of  the  limited 
e.  It  was  assumed  that  the 
xtions  of  girders  to  columns, 
furnished  sufficient  stiffness 
renCy-fourth  floor-level.  Be- 
he  bradng  was  proportioned 

pages  XI 79-80;  that  is,  al- 
ade  for  the  ikdeierminatb 
USTANCE  equal  to  the  wind- 
twenty-fourth  floor. 

States  Beahy  BaUdinct 
Broadway,  New  York  City, 
pie  of  a  building  in  which 
:;  is  quite  essential.  It  is 
lea  high,  and  its  width  is 
pared  with  its  length  and 
was  used,  as  indicated,  in 
t  it  was  not  feasible  to  put 
lines  to  do  all  the  work. 
were  therefore  added  be- 
he  elevator-shafts  and  in 
thown  on  the  plan.  No 
5  used  above  the  fifteenth 


3tiildiiig§  (Fig.  10).  681 
r  York  City,  is  but  twelve 
is  rather  narrow.  The 
interior  lot,  and  it  was 
Uae  openings  in  the  ex- 
;  as  possible,  in  order  to 
nterior. 
walls  of 


i 
III 

This,  of  course.    Fig.  13.    Whitehall  Building.    Wind- 
but  little  value  bracing  on  Lme  III,  Fig.  10 


fenderson  acted  as  designing  engineers  for  these  buildinga. 

Ruasell,  architects. 

.  Kimball,  architect. 

f  ead  &  White,  architects. 
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Fig.  19.    Morton  Building, 
and  Lines  of  Bracing 
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Fig.  20.    Maaonic  Building.    Plan  and  Lines  of 
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Fig.  21.    Everett  Building.    Plan 
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]g.  Small  KNEE-BRACES  and  gusssts  were  introduced  in  each  end- 
additional  knee-braces  next  to  the  elevator-wells  and  stair-wells.  The 
;irder-comiections  to  the  columns,  also,  were  made  with  six  rivets  in 
^  instead  of  with  four  as  is  usual.  These  special  bradng-features  were 
)  to  the  fifth  floor-level. 

Moaic  Htn*  (Fig.  20),  24th  Street  Building,  New  York  City,  twenty- 
es  high,  has  virtually  no  special  bracing.  Light  kkee-braces  were 
i  in  the  two  wings,  but  these  were  rather  to  insure  the  steelwork  against 
it  of  plumb  in  erection,  than  to  assbt  in  wind-resistance. 

erett  Building  f  (Fig.  21),  45  East  x7th  Street,  New  York  City,  is  a 
»ry  building,  with  no  special  bracing  of  any  kind.  It  is  large  on  the 
od  the  ordinaiy  features  of  construction  offer  ample  resistance  to 
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Tower  t  (Fig.  22),  Ma^son  Square,  New  York  City,  is 
usual  case  that  it  is,  perhaps,  out  of  place  to  mention  it  as  an  example 
e  typical.  It  is  700  ft 
bout  75  by  85  ft  in  plan 
>ut  the  lower  stories. 
iig  in  this  case  is  a 
ire  of  the  structural  de- 
ceived much  attention, 
led  from  top  to  bottom 
ull  pressure  of  30  lb  per 
I  no  reduction  for  the 
alls,  etc.  The  bradng 
1  general,  of  plate 
the  walls  at  each  level, 
-BKACES  and  gussets 
its.  The  coliunns  are 
th  especial  view  to  the 
onnection  for  thebrac- 
ad  weight  of  the  tower 

-EHT  aw  RESISTANCE  tO 

far  in  excess  of  the 

THE  WIND. 

mples,  an  drawn  from 
Aty  buildings,  are  per- 
ical  of  the  most  ap- 


clkntorf 

J.. 


2 


Fig.  22. 


w.u. 


Metropditan  Tower. 
Lines  of  Bracing 


\V.B. 

Plan  and 


;m  practice  in  respect  to  wind-bracing  as  could  be  chosen.  There  is 
ite  variety  in  the  shape  and  size  of  buildings  that  no  case  is  ever 
y  previous  example. 

*  H.  P.  Rnowles,  architect. 

t  Gddwin  Starrett  &  Van  Vleck,  architecla. 

i  N.  LeBrun  &  Sons,  architects. 
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CHAPTER  XXX 

SPECIFICATIONS*  FOR   THE  STRUCTURAL   STEELW03 
OF  BUILDINGS.    DATA  ON  STRUCTURAL  STEEL 

By 

ROBINS  FLEMING 

OF  THE   AMERICAN   BRIDGE    COMPANY,    NEW   YORK,   M.   Y. 

1.  General 

(i)  DrawingB.  The  drawings  forming  a  part  of  these  spedficatioaft 
[give  number,  maker,  title,  and  date  of  each  drawing]. 

(2)  Clastlflcation.  For  the  purpose  of  dasatfication  buUdinga  aae  duH 
into  two  daases: 

I.  MiLL-BuiLDIHCS 

H.  Office-Bttildings 

Under  Class  I  are  included  manufacturing  plaata,  machine-dvipi,  po 
houses,  rolling-miUs,  foundries,  forge-shops,  pattern  and  tempbite-sliops,  a 
sheds,  pier-sheds,  car-bams,  roundhouses,  electric*liglit  statioDs»  anaorio^ 
buildings  of  a  similar  character. 

Under  Class  II  are  included  office-buildings,  hotels,  apartment-liouaav  A 
ings,  public  buildings  (hospitals,  libraries,  schools^  ooart-hoiises,  jaib),  pba 
public  assembly  (churches,  theaters,  haUs),  states,  warehonaea,  gara^ea^ 
buildings  of  a  similar  character. 

(3)  Scope  of  Work.  It  is  intended  that  these  specifications  and  dm 
cover  the  structural  steelwork  complete  for  the  building.  Cast-iron  basdi 
included  with  the  structural  steel.  The  steekerector  shaD  erect  in  pbce 
steel  framework  on  foundations  furnished  by  others.  Anchor-b<^ts,  loose  fii 
and  material  not  connected  with  main  frame  of  structure,  are  to  be  defiTOC 
the  site,  but  put  in  place  by  other  contractors. 

(4)  Materials  to  be  Furnished  for  Buildings  of  Class  I.  Unless  spec 
otherwise  in  contract,  the  materials  to  be  furnished  for  buildings  of  Cu 
include  steel  trusses,  columns,  purlins,  bracing,  floor-framing,  crane-girdasj 
rails,  trolley-beams,  linteb,  girts,  framing  around  door  and  window-oped 
beams  supporting  tanks,  elevator-framing,  stair-framing,  floor-plates,  bin 
framing  and  steel  lining,  stairs  and  railings  unless  of  an  ornamental  diaii 
cast-iron  bases,  grillage-beams,  and  anchor-bolts.  j 

The  materials  not  furnished  include  ornamental  ironwork  and  stedl 
masons'  anchors,  carpenters'  anchors  and  irons,  elevator  sheave-beam%  stm 
for  trolley-beams,  steel  stacks,  steel  tanka»  and  steel  reinforcement  lor 

(5)  Materials  to  be  Furnished  for  Buildings  of  Class  II.    Unless 
otherwise  in  contract,  the  materials  to  be  furnished  for  buildings  of 
include  steel  columns,  cast-iron  bases,  rolled  and  cast-steel  slabs,  grtUase-bd 
anchor-bolts,  floor-framing,  roof  and  ceiling-framing,  purlins,  comic 
supports  for  tanks,  penthouse  framing,  bracing,  and  lintels. 

The  materials  not  furnished  include  ornamental  ironwork  and 
masons'  anchors,  terra-cotta  anchors,  carpenters'  anchors  and  ixons» 

*The  various  values  used  in  these  Specifications  agree  generally  with 
throughout  the  book.   Any  slight  variations  in  values  are  due  to  recognixed 
diflerences  in  engineering  judgment,  diflereoces  in  Building  Codes,  etc 
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Fftming,  elevator  sheave-beams,  steel  stadcs,  sted  tanks,  light  shapes 
K  metal  oeilnig-bith,  cast-iron  siHs  and  similar  work,  and  steel  rein- 
fc'for  ooQoete. 

irsTS  A!fD  BOLTS  foT  fastening  steel  to  steel  (but  not  for  connecting  the 
other  trades)  shall  be  furnished  by  the  steel-K»ntractor.  Pitting-up 
erection  aie  to  be  furmshed  by  the  contractor  for  erection  as  a  part  of 
nent. 

soon  as  possible  a  coLtTMN-FOormo  plan  shall  be  sent  to  the  pur- 
owing  the  kication,  elevation,  and  dimensions  of  all  cokmm-bases,  with 
on,  elevatMvn,  size,  and  length  of  aU  anchor-bolts.  The  loads  coming 
x>lamn-footings  from  the  columns  shaU  also  be  given. 

ine-dearance  diagrams  showing  the  clearances  assumed  for  traveling 
Jl  be  furnished  the  purchaser  at  an  early  date. 

Mtitntion  of  Material.  If  the  contractor  wishes  to  substitute  other 
:  SIZES  for  those  called  for  on  the  drawings  he  may  do  so,  subject  to  the 
>f  the  engineer,  provided  the  architectural  features  are  maintdned  and 
sections  are  sufficient  to  carry  the  required  loads. 

ork  oi  Other  Trades.  Holes  conforming  to  the  usual  standards  of 
1  shall  be  punched  in  the  steel  for  attaching  the  work  of  other  trades, 
iieir  location  is  given  while  the  working  drawings  are  being  made. 

oridng  Drawings.  Working  or  shop  drawings  shall  be  made  by 
ontcactor,  and  when  requested,  prints  in  duplicate  sent  to  the  pur- 
bis  engineer  for  approval.  The  engineer's  approval  of  drawings  shall 
sral  design,  strength  and  type  of  details^  The  engineer  shall  not  be 
nsible  for  the  fit  of  work  at  the  site.  If,  to  expedite  delivery,  or  for  any 
DO,  he  waives  the  approval  of  drawings,  the  contractor  will  not  be 
r  responsibility  for  errors  or  omissions  due  to  neglect  or  oversight 
;  contractor's)  part. 

work  shall  conform  to  local  or  state  oidinances  and  xxgulations. 

1.  Material* 

>peities  and  Tests.  AD  parts  of  the  metallic  structure  shall  be  of 
EEL,  except  column-bases,  bearing  plates,  or  minor  detaib,  which  may 

IRON  or  CAST  STEEL. 

Bctural  steel  may  be  made  by  either  the  Bessemer  process  or  the 
TB.  process;  except  that  rivet-steel,  and  steel  for  plates  or  angles  over 
irkniWH  which  are  to  be  punched,  shall  be  made  by  the  open-hearth 

ictnral  steel,  if  made  by  the  Bessemer  process,  shall  contain  not  more 
»;  and  if  by  the  open-hearth  process,  not  more  than  ojq6%  of  phos- 
Uvet-steel  shall  not  contain  more  than  o.o6%  of  phosphorus  nor 

>*045%  of  SULPHUR. 

tctoral  steel  shall  have  an  ultimate  tensile  strength  of  from  55  000 
.  and  rivet-steel  from  46  000  to  56  000  lb  per  sq  in  of  cross-section.  The 
[EU>-POiNT  as  determined  by  the  drop  of  the  beam  of  the  testing- 
ill  be  one  half  of  the  ultimate  tensile  strength. 

irements  for  material  are  taken,  by  permission,  from  the  following  Standard 
•  of  the  American  Society  for  Testing  Materials,  Philadelphia,  Pa.:  Standard 
i  for  Structural  Steel  for  Buildings  (A^x6),  Standard  SpedficatioDS  for 
istiaga  (A4d-^)«  and  Standard  Spedfications  ioc  Steel  rsmingi  (Aa7-x6). 
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(17)  The  iCNXinjif  percentage  of  elongation  in  8  in  shall  be  i  400^1 
divided  by  the  ultimate  tensile  strength.  For  structural  steel  over  M  in  in  tUc 
neas,  a  deduction  of  x  from  the  above  percentage  of  elongation  in  8  in  shal  I 
made  for  each  increase  of  H  in  in  thickness  above  fi  in,  to  a  mininnnfn  of  18) 
For  structural  steel  under  Me  in  in  thickness,  a  deduction  of  a.5  from  the  aba 
percentage  of  elongation  shall  be  made  for  each  decrease  of  Hs  in  in  thicbM 
below  Mo  in. 

(18)  Test-sfecimens  for  plates,  shapes,  and  bars  shall  bend  cold  throogh  i| 
without  cracking  on  the  outside  of  the  bent  portion,  as  follows:  For  matci| 
fimoT  under  in  thickness,  flat  on  itself;  for  material  over  ^  in,  to  and  iodiidl 
I K  in  in  thickness,  around  a  pin  the  diameter  of  which  is  equal  to  the  thkka| 
of  the  specimen;  and  for  material  over  iK  in  in  thickness,  around  a  pin  ine  diii 
eter  of  which  is  equal  to  twice  the  thickness  of  the  specimen.  The  Tcsr-sPEcna 
for  rivet-steel  shall  bend  cold  through  iSo**,  flat  on  itself,  without  cracking  < 
the  outside  of  the  bent  portion. 

(19)  laoN  castings  shall  be  of  tough  gray  iron,  true  to  pattern,  free  £rt 
cracks,  flaws,  and  excessive  shrinkage.  The  sulphur-contents  shall  be  ■ 
over  0.08%  for  light  castings,  0.10%  for  medium  castings,  and  0.12%  for  hefl 
castings. 

A  test-bar  I  ^  in  in  diameter  and  15  in  long,  placed  upon  supports  13  in  api 
and  tested  under  a  centrally  applied  load,  shall  conform  to  the  following  req^ 
ments: 

Minimum  applied  load,  2  500  lb  for  light,  2  900  lb  for  medium,  and  3  sooj 
for  heavy  castings;  I 

MiNiMuv  deflection  at  center,  o.io  in.  ( 

Light  castings  shall  be  able  to  withstand  an  ultimate  tension  of  18  000,  medid 
castings  21 000,  and  heavy  castings  24  000  lb  per  sq  in.  Castings  having  d 
section  less  than  H  in  thick  shall  be  known  as  ught  castings.  Castingil 
which  no  section  is  less  than  2  in  thick  shall  be  known  as  heavy  CAsrom 
Medium  castings  are  those  not  included  in  the  above  classification. 

(ao)  Steel  castings  for  ordinary  use,  not  annealed,  shall  contain  not  ma 
than  0.30%  of  carbon,  nor  more  than  0.06%  of  phosphorus.  They  shall  sd 
stantially  conform  to  the  sizes  and  shapes  of  the  patterns,  be  made  in  a  wad 
manlike  manner,  and  be  free  from  injurious  defects. 

3.  Loads 

(21)  Roof -Loads.  Roop-trusses  and  columns  shaD  be  designed  to  cm 
a  uniform  load  per  square  foot  of  exposed  roof-surface,  applied  vertically.  H 
load  includes  the  weight  of  the  structure,  the  snow,  and  the  wind.  For  spomi 
to  and  including  90  ft,  and  in  climates  corresponding  to  that  of  New  Yock.  4 
total  minimum  uniform  load  in  pounds  per  square  foot  of  roof-surface  for  difioa 
kinds  of  covering  shall  be  taken  as  follows:  j 

'J 

Corrugated  metal 

Gravel  or  composition  on  wood  sheathing 

Slate  on  boards 

Tile  on  steel  purlins 

Gravel  or  composition  on  cinder  concrete 

Gravel  or  composition  on  stone  concrete 

Slate  or  tile  on  cinder  concrete 

Slate  or  tik  on  stone  concrete 

Fire-proof  buildings  of  Class  II,  where  sbpe  is  leas  than  2  in  pec  ft , .   f 
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ir  rod-ipaDs  over  90  fl»  tlic  above<ated  locds  sImU  be  inam9ed  1% 
2-ft  incnase  ol  apao. 

IT  roofs  in  climates  when  anow  is  exoBmvtj  from  5  to  10  lb  per  sq  ft 
Ided,  and  in  dimatea  where  there  is  not  liable  to  be  snow,  10- lb  per  sq  ft 
xiucted  from  the  forefoing  loads. 

I  ceifing  is  carried  by  the  roof-framing,  the  ceiliag-load  shall  be  assumed 
than  10  lb  per  sq  ft. 

SHAFTING  is  carried  by  the  bottom  chord,  the  load  at  the  shaft  shall  be 
i  not  less  than  2  000  lb  for  light  shafting,  4  000  lb  for  ordinary  shafting, 
lb  for  heavy  shafting.  Unless  the  shafting  is  definitely  located  these 
be  considered  as  liable  to  be  concentrated  at  any  point  of  the  bottom 

designing  puruns  carrying  roof-oovering  only,  the  loads  in  Para- 
)  and  (23)  may  be  decreased  5  lb  and  considered  normal  to  the  roof, 
pitch  of  the  roof  is  more  than  from  sH  in  to  i  ft,  tie-rods  shall  be  used 
le  purlins. 

:ciAL  LOADINGS,  such  as  tanks  or  elevator-supports  above  the  roof, 
or  trolleys  on  the  bottom  chord,  shall  be  taken  into  consideration. 

LT  ROOFS  used  as  places  of  public  assembly  or  for  storage-purposes 
isidered  as  floors. 

or  LoAda.  Floor  loads  conast  of  dead  loads  and  live  loads.  The 
s  composed  of  the  weight  of  the  floor-oonstniction  and  of  any  {)enna- 
esting  upon  it.  In  designing  floor-beams  and  girders  for  fire-proof 
a  the  dead  load  shall  be  .assumed  at  not  less  than  70  lb  per  sq  ft. 
if  wooden  studding  or  of  hollow  tile,  not  more  than  4  in  thick,  may  be 
ss  part  of  the  live  load. 

ess  governed  by  a  local  or  state  building  code,  buildings  of  Class  I 
iigned  for  lONDfiTif  live  loads,  in  pounds  per  square  foot  of  floor- 

ows: 

lb  per 
sqft 

pattern  and  template-shops 60 

ops,  light  machinery 120 

9ps,  heavy  machinery 150  to  200 

150  to  200 

:harsing-floor 300  to  800 

•s 200 

:j>ings  fox  special  industribs  shall  be  designed  for  the  loadings 
Jiose  industries. 

ision  shall  be  made  for  the  support  of  macrikbry,  engines,  boilers, 
ither  concentrated  loads,  when  carried  by  the  steel  construction. 

le-Loadfl.  Loads  due  to  electric  traveling  cranes  shall  be  in- 
,  to  provide  for  the  effects  of  impact.  For  hand-power  cranes  the 
be  taken  at  10%.  For  two  cranes  in  action  on  the  same  girder,  no 
be  added,  provided  the  stress  obtained  is  larger  than  the  stress  due 
rane  with  impact.  In  addition  to  the  vertical  loads  the  top  flanges 
ers  shall  be  designed  to  resist  a  transverse  horizontal  thrust  on  each 
»lied  at  the  wheels,  of  10%  of  the  lifting  capacity  of  the  crane.  The 
oe  due  to  stopping  the  crane  shall  be  assumed  at  20%  of  each  wheel- 
y  be  considered  as  distributing  itself  along  the  entire  length  of  the 
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(34)  Cdfll-Bintk»n.  (Goal-bumkers  sinll  be  aflBomed  to  be  sndiam 
when  it  is  possible  for  them  to  be  so  loaded.  The  wefgbt  of  Midttmdte  a 
sbaU  be  taken  at  not  leas  than  50  lb  per  cu  ft,  and  the  aagfte  of  eepoie  nmiBiMiil 
be  30°. 

(35)  Buildings  of  Class  n  shall  be  defligiied  for  minimum  live  loads,  fa  poa 
per  sqnare  foot  of  Boor^rea  as  foUoirs: 

Dwellings  (private  residences),  first  floor 

Dwellings  (private  residences),  ui^)er  floors 

Apartment-houses,  first  floor 

Apartment-houses,  npper  floors 

Hotels,  first  floor 

Hotels,  upper  floors 

Of&ce-buildings,  first  floor 1 

Office-bufldings,  upper  floors 

School-buildings,  class-rooms 

SchooI4>uildinga,  aaBemUy-^rooms 

Churches  and  theaters 

Places  of  public  assembly,  where  floon  are  used  lor  drilling  or  dandng 1 

Places  of  public  assembly,  where  floors  are  not  used  for  drilling  or  HanHt^ . . .  i 

Retail  stores,  ordinary 1 

Warehouses .^. 200  to  3 

Private  garages,  pleasure  vehicles  only 

Public  garages,  pleasure  vehicles  only 

Garages,  motor  trucks,  from  i  to  3  tons  capacity 1 

Garages,  motor  trucks,  from  3H  to  5  tons  capadty i 

(36)  CoNCENTSAiED  LOADS  shall  be  taken  into  consideration.  Evay  st 
beam  in  any  floor  usedfor  business  purposes  shall  be  capable  of  sustaining  a  1 
load,  concentrated  at  the  middle,  of  not  less  than  3  000  lb.  Every  steel  beam 
the  floor  of  a  garage  shall  be  capable  of  sustaining  a  concentrated  fi\'e  load 
2  000  lb,  if  a  private  garage  storing  pleasure  vehicles  only;  of  3  000  lb,  if  a  pub 
garage  storing  pleasure  vehicles  only;  of  S  000  lb,  if  motor  trucks  of  from  i  M 
tons  capacity  are  stored;  and  of  12  000  lb,  if  motor  trucks  of  from  sH^S^ 
capacity  are  stored.  .  Structural  members  carrying  elevatocs  and  efevili 
machinery  shall  be  proportioned  to  cany  twice  the  actual  moving  dead  and  I 
loads. 

(37)  Reduction  of  live  Load.  The  full  live  nxxut  load  shall  baiBBd  in  fi 
portioning  all  pai:ts  of  buildings  designed  for  warehouses,  and  such  buildiagsi 
ve  likely  to  be  loaded  oa  aH  floors  at  the  salne  time:  In  other  buildings  I 
specified  live  load  may  be  reduced  10%  for  girders  carrying  200  aq  ft  or  men 
floor.  For  columns  the  toad  on  the  top  floor  may  be  assumed  at  90%  el  i 
specified  live  load^  the  live  load  on  the  floor  next  bekvw  the  top  floorat  M 
and  on  each  succeeding  lower  floor  at  oone^xMidiDgly  decreasing  percent^ 
provided  that  on  no  floor  shall  less  than  50%  of  the  specified  five  load  be  «M 
and  that  for  the  lower  floor  the  full  specified  live  load  shall  be  used.  No  ied| 
tion  shall  be  made  for  any  S007  load. 

(38)  In  calculating  oolumn  loads  do  reduction  of  floor-aica  shall  be  laade^ 
stair>wells.  Stairways  shall  be  proportioned  for  not  leas  than  75  lb  per  sqfl 
horizontal  projection. 

(39)  Wiod-Preasure.  Wvnd  shall  be  assumed  blowing  horiaQBtally  ia  a 
direction.  The  surface  exposed  to  wmD-PRESSUSE  shall  be  measured  vertiq 
from  the  ground  to  the  top  of  the  structure,  including  the  roof. 


Loads 


n» 


fhea  die  oyaxxnomm  ifOMENV  due  to  mixuA'pnmam  ens^dt  rs%  ci 

mt  of  stability  the  structure  shall  be  securely  anchored. 

U  steel  buildings  belonging  to  Class  I  shall  be  designed  to  carry  wind- 
o  the  ground  by  steel  framework.  For  buildii^^s  not  more  than  25  ft 
e-line  the  wind-pressure  shall  be  asaimied  at  not  less  than  15  lb  per  sq 
t  oone^xmding  normal  pressure  on  the  roof.  For  buildings  more  than 
i  eave-Iine  the  wind-pressure  shall  be  assumed  at  not  less  than  15  lb  per 
le  lower  25  ft  and  20  lb  per  sq  ft  for  the  side  surface  above  25  ft,  and 
;x>iiding  normal  jHressure  on  the  roof. 

le  steel  framework  of  fire-proof  buildings  belonging  to  Class  II,  in 
height  is  more  than  twice  the  minimum  horizontal  dimension,  shall  be 
o  resist  a  wuul'PfMaun  of  not  less  than  ao  lb  per  sq  ft  on  the  sides, 
irre^pooding  nonnal  prtsaure  on  the  tool. 

e  nonnal  pnaaure,  Pn,  an  pounds  per  square  foot,  OB  a  sorfaoe  inclined  ^ 
the  faoriaootal  for  a  horiaontal  wind-pressure,  P,  of  20  lb  per  sq  ft, 
to  the  DuGHEimi  Fokmula,* 

*         i+sin«« 


f 

Pn 
lb  per  sq  ft 

Slope 

$ 

Pn 

lb  per  sq  ft 

3.46 

X  in  to  X  ft 

aI  45'  49" 

3  30 

6.76 

2  in  to  I  ft 

9*  27'  45" 

6-39 

963 

3  in  to  X  ft 

14'    2'  10" 

9.14 

ia.35 

4  in  to  X  ft 

IS'' 36'     6" 

11.50 

14.35 

5  in  to  I  ft 

22*  37'  12" 

13.42 

16.00 

6  in  to  I  ft 

26**  33'  54" 

14  88 

17.28 

7  in  to  I  ft 

30**  15'  14" 

16.06 

1-8. 20 

8  in  to  X  ft 

33*  41'  35" 

16.95 

18.88 
20.00 

K>' 

sBuve  other  than  ao  lb  per  sq  ft  these  values  are  to  be  changed  pro- 


of the  wind-stresMs,  determined  by  the  data  of  this  paragraph, 
ad-stioses  according  to  Paragraph  (31),  need  be  considered.  In 
this  excess,  the  wind  included  in  the  total  uniform  roof-loads  desig- 
agraph  (21),  shall  be  aasumed  at  5  lb  per  sq  ft  for  sbpes  of  3  in  per  ft 
I  10  lb  for  slopes  nwre  than  3  in  per  ft. 

:x7LAK  STEEL  CBiifMEYS  and  TANKS  shall  be  designed  to  resist  a  wind- 
lot  leas  than  30  lb  per  sq  ft  on  the  projected  area,  that  is,  the  diam- 
ed  by  the  height. 

sicifs  on  tops  of  buddings  shall  be  designed  to  withsta:3d  a  wind- 
tot  less  than  30  lb  per  sq  ft  of  surface. 

4.  Stresses  t 

kinc  Stresses.    In  proportioning  structural  steel  for  stresses  due 

!fEj>  iXRAD  AMD  UVE  LOADS  together  with  IMPACT,  the  working  stresses 

?««e  1053. 

.  varistxons  from  these  vahies,  see  Table  XVIII,  page  6x8,  and  Table  I, 
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in  i>ounds  per  iquAie  inck  of  af>cr.iQiMil  ftiea  ahall  be  not  mote  thantheiB 
lowing: 

n>]M 

Tendon,  net  section,  rolled  steel i€ai 

Direct  compression,  rolled  steel  and  steel  castings v i6ai 

Bending  on  extreme  fibers  of  rolled  shapes,  built  sections,  girders,  and 

steel  castings,  net  section i6ai 

Bending,  on  extreme  fibers  of  pins 3401 

Shear,  on  shop-rivets  and  pins 12  a 

Shear,  on  field-rivets 100 

Shear,  on  bolts 901 

Shear,  average,  on  webs  of  plate  girders  and  rolled  beams,  groas  section.  loo 

Bearing  pressure,  on  shop-rivets  and  pins. 2401 

Bearing,  on  field-rivets 300 

Bearing,  on  bolts 184 

Tension,  in  rivets 7  a 

Tension,  in  field-bolts  (not  anchor-bolts) 90 

Axial  compression,  on  gross  section  of  columns  and  struts 16  000  ~7o( 

where  /  b  the  effective  length  of  the  member,  in  inches,  and  r  is 
the  least  radius  of  gyration  of  section,  in  inches,  with  a  maxi- 
mum of 13  01 


(47)  For  COMBINED  STRESSES  due  to  wind  and  other  loads  the  unit 
Paragraph  (46)  may  be  increased  50%,  except  for  Paragraph  (44),  prov4 
the  section  thus  obtained  is  not  less  than  that  reqiured  if  wind-forces  1 
neglected. 

(48)  When  the  laterally  unsupported  length,  /,  of  the  oonq>re88ion-fiange 
beams  and  girders  exceeds  12  times  its  width,  ft,  the  unit  stxess  in  the  ooi 
FRESsiON-FLANGEi  shoU  not  ezcced  19  000  -  J^O^/6. 

(49)  Countersunk  rivets  in  plates  of  thickness  equal  to  or  greater  th 
one  half  the  diameter  of  rivet  shall  be  assumed  to  have  three  fourths  the  vahie 
rivets  with  full  heads.  In  plates  of  thickness  less  than  one  half  the  diamd 
of  rivet  their  values  shall  be  taken  as  three  eighths  that  of  full-headed  nv«l 
Rivets  wtth  nATTENSD  beads  of  height  not  less  than  Hin>  or  one  half  the  <£ai 
eter  of  the  rivet  for  H-in  rivets  and  less,  may  be  assumed  to  have  the  vabe 
corresponding  rivets  with  full  heads.  Rivets  with  heads  flattened  to  less  tk 
these  heights  shall  have  countersunk  holes  and  be  regarded  as  countcisa 
rivets. 

(50)  The  allowable  pressure  of  coluvn-bases  and  beaxxno-hates  i 
masonry  shall  not  exceed,  in  pounds  per  square  inch,  the  following.  (See,  al 
pages  265  to  267,  and  441.) 

hi 

On  brickwork,  cement  mortar ^ 

On  brickwork,  lime  mortar 

On  Portland-cement  concrete,  1:2:4  mixture 

On  Portland-cement  concrete,  1:3:5  mixture 

On  rubble  masonry,  <xment  mortar 

On  rubble  masonry,  lime  mortar , 

On  first-class  dimension  sandstone 

On  first-class  limestone 

On  first-class  granite 
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5.  ]>6tigii 

venenl  Desisn-Reqtiiremestt.  Tkxtsses  AaH  be  riveted  structures. 
-ifEMBESS  as  well  as  compression-iieicbers  shall  be  composed  of  rolled 
'  built-up  sections.    Flat  bars  with  riveted  ends  shaU  not  be  used. 

3  calculating  tensxon-iceubers,  net  sections  shaU  be  used.    The  diam- 
ivet-holes  shall  be  assumed  to  be  H  in  larger  than  the  nominal  size  of 
In  single  angles  connected  by  one  leg,  the  net  area  of  the  connected 
ne  half  that  of  the  outstanding  leg  shall  be  considered  effective. 

he  NOMINAL  SIZES  ov  RIVETS  shall  be  used  in  calculations  of  their  values. 

I  proportioning  columns  provision  shall  be  made  for  eccentric  loading. 

OLUMNS  AND  STRUTS  with  direct  loads  of  40000  lb  or  less,  when 
lall  have  the  entire  load  transmitted  through  splice-plates. 

3LUMN-SPL1CES  shall  be  designed  to  resist  the  bending-stresses,  and  to 
columns  practically  continuous  for  their  whole  length. 

embers  subject  to  reversal  of  stress  from  moving  loads  shall  be 
led  for  the  stress  requiring  the  larger  section,  but  their  connections 
roportioned  for  the  larger  stress  plus  one  half  the  smaller. 

le  effective  length  of  main  compression-members  shall  not  exceed 
their  least  radius  of  gyration,  and  for  secondary  members  and  lateral 
So  times  their  least  radius  of  gyration.  Any  portion  of  the  cross- 
a  compression-member  may  be  neglected  in  computing  the  radius  of 
provided  that  portion  is  neglected  in  the  deagn  of  the  member. 

BEEL-LOADS  OF  CRANES  shall  be  assumed  to  be  distributed  on  the  top 
runway  girders  over  a  distance  equal  to  the  depth  of  the  girder,  with  a 
of  30  in. 

ATE  GIRDERS  shall  be  proportioned  either  by  the  moment  of  inertia  of 
action,  or  upon  the  assumption  that  the  bending-stresses  are  resisted 
ages  concentrated  at  their  centers  of  gravity,  and  that  the  shear  is 
^  the  web.  When  the  second  method  is  used  one  eighth  of  the  gross 
the  web,  if  properly  spliced,  may  be  used  as  flange-section. 

:b-plates  of  girders  shall  have  a  thickness  of  not  less  than  Heo  of 
x>rted  distance  between  flange-angles. 

\nge-plates  of  girders  shall  be  limited  in  width,  so  as  to  extend 
[lan  6  in  beyond  the  outer  line  of  rivets  connecting  them  to  the  angles. 

:b-stiffeners,  in  pairs,  shall  be  placed  over  bearings,  at  points  of 
id  loadings  and  at  intermediate  points,  usually  not  farther  apart  than 
»th  of  the  girder,  when  the  thickness  of  the  web  is  less  than  Ho  of  the 
d  distance  between  flange-angles. 

ffeners  under  concentrated  loads  and  over  bearings  shall  be  designed 
,  with  a  length  equal  to  one-half  the  depth  of  the  girder,  and  shall 
h  rivets  to  properly  transmit  the  shear.  When  loads  are  transmitted 
i  bearing  of  stiffeners,  the  bearing  value  may  be  assumed  at  24  000 
I  of  section,  excluding  the  area  of  the  chamfered  portion  over  fillets 
\gles, 

:  i>efth  of  girders  AND  ROLLED  BEAMS  in  floors  shall  be  not  less  than 

»pan,  and  if  used  as  roof-purlins  shall  be  not  less  than  Ht  of  the  span. 

loors  subject  to  shocks  and  vibrations  the  depth  shall  be  limited  to 

;>an. 

EX.  WKUSS  shall  be  angle  rolled  shapes,  plate  guden  or  lattice 
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(67)  Lateral,  bngitudinal,  and  tnnsverae  bkacing  in  all  structures  A 
preferably  be  composed  of  rigid  members,  and  shall  be  designed  to  witbata 
wind  and  other  lateral  forces  when  building  is  in  process  of  erection  as  Wdl 
after  erection. 

(68)  Wind-bracing  shall  be  provided  for  tall  buildings  by  making  the  ai 
nection-joint  between  girders  and  columns  sufficient  for  the  bending  due  to  9 
pressure  as  well  as  for  the  vertical  load;  or  diagonal  bracing  shall  be  pLm 
between  columns,  proportioned  to  transfer  the  shear  of  the  side  {M^ssure  to  tl 
footings. 

(69)  No  steel  in  any  structural  member  subject  to  stress  shall  be  less  than 
in  thick,  except  the  webs  of  rolled  beams  and  channels.  Steel  sul^ect  to  i 
action  of  harmful  gases  or  severe  atmospheric  conditions  shall  be  not  less  tfai 
9-1 «  in  thick. 

6.  Detailt 

(70)  General  DataU  Itequlremaiits.  Details  throughout  shaH  ooslai 
to  first-class  standard  practice. 

(71)  No  connection  except  lattice-bars  shall  have  less  than  two  rivets,  pRfc 
ably  three,  for  better  handling  in  fabrication. 

(72)  In  cases  where  it  is  necessary  to  carry  bads  subject  to  shock  by  bohs' 
tension,  check-nuts  shall  be  used.  When  bolts  go  through  beveled  flai^ 
BEVELED  WASHERS  to  match  shall  be  used  so  that  head  and  nut  are  paraHd.  1 
general,  rivets  and  bolts  in  tension  shall  be  avoided  as  far  as  practicable. 

(73)  Abutting  Joints  in  compression-members  faced  for  bearing  shall  1 
spliced  sufficiently  to  hold  the  connecting  members  accurately  in  place. 

(74)  A\nien  two  or  more  rolled  beams  are  used  to  form  a  girder,  they  shaH  1 
connected  by  bolts  and  separators  at  intervals  of  not  more  than  6  ft.  I 
beams  having  a  depth  of  1 2  in  and  more  shaU  have  at  least  two  bolts  to  eM 
separator. 

(75)  The  UINIMUM  distance  between  centers  of  rfvet-holes  shall  be  ttm 
diameters  of  the  rivet,  and  the  maximum  distance  in  the  line  of  stress  eigfat  <fiii 
eters. 

(76)  The  lONnfuic  distance  from  the  center  of  any  rivet-hole  to 
sheared  edge  shall  be  iH  in  for  J^j-in  rivets,  i>i  in  for  14-in  rivets,  iH  in  I 
H-in  rivets,  and  i  in  for  H-in  rivets;  and  to  a  rolled  edge,  15-^,  i>j,  i,  and  Ji  i 
respectively. 

(77)  The  ICAXnfUM  distance  from  the  center  of  any  RmET-HOLE  TO  AI 

EDGE  shall  be  eight  times  the  thickness  of  the  plate. 

(78)  The  PITCH  of  rivets  at  the  ends  of  built  compression-members  shI 
not  exceed  four  diameters  of  the  rivets  for  a  length  equal  to  one-and-one-iH 
times  the  maximum  width  of  the  member. 

(79)  The  LATTxaNG  OF  compression-members  shall  be  proportioned  to  red 
a  shearing-stress  equal  to  2%  of  the  direct  stress.  Tie -plates  shall  be  pto\-iil 
at  each  end  and  at  intermediate  points  where  latticing  is  interrupted.  In  ma 
members  carrying  calculated  stresses,  the  end  tie-plates  shall  have  a  length  ■ 
less  than  the  distance  between  the  lines  of  rivets  connecting  them  to  the  flan9 
and  intermediate  ones  not  less  than  half  this  distance.  Their  thickness  «>»«ll  1 
not  less  than  Ho  of  the  same  distance. 

7.  Workmanship 

(80)  General  Requiraments.    All  worrmanshtp  shall  be  firat-dasB  in  c«i 

respect. 
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faterial  siiaJS  be  thorouslily  sixAitanEiiED  before  bemg  iroAed,  by 
that  will  not  iajure  it. 

beabhhg  shall  be  done  accuiatdy,  and  all  portions  c£  the  work  expoeed 
leatly  finished. 

BUTTTNG  STTKFACXS  <ft  COMPRESSION-MEMBERS,  cxcept  wberc  jomts  are 
ced,  shall  be  planed  to  an  even  beating  so  as  to  give  close  contact 

it. 

uscsrsG  shall  be  done  accurately,  but  occasional  inaccuracies  in  match- 
es may  be  corrected  with  a  reamer.  The  diameter  of  the  punch  shall 
»re  than  He  in  larger,  nor  that  of  the  die  H  in  larger  than  the  diameter 
*t.    Rivets  shall  be  driven  by  pressure-tools  wherever  possible. 

3L£S  IN  MAXERIAL  ol  same  thickness  as  diameter  of  punch  may  be 
uU  size. 

EBH5TOTENESS  OY  FLATS  GrBnERS  undcT  coDcentcated  loads  shall  have 
allied. 

(neral  Paintiiig  Requirements.  Cast  iron  need  not  be  painted  at 
Steelwork  for  foundations  to  be  entirely  embedded  in  concrete  shall 
ited,  but  must  be  free  of  dirt,  grease,  or  other  matter  which  would  impair 
I  the  concrete.  Other  steelwork  aiiall  be  thoroughly  cleaned  and  given 
f  paint  before  shipment.  One  coat  shall  be  given  to  surfaces  that  are 
e  after  being  riveted  together. 

ichine-fini^ed  surfaces  shaB  be  coated  wfth  white  lead  and  tallow 
cDcnt. 

er  erection  all  structural  metalwork  shall  be  cleaned  of  dirt  and  rust 
<ae  coat  of  paint  of  a  color  or  shade  different  from  that  of  the  shop-coat. 

painting  at  the  shop  and  site  shall  be  done  by  hand  when  the  surface 
1  is  perfectly  dry .    Painting  shall  not  be  done  in  freezing  weather. 

at  shall  be  a  good  quality  of  red  lead  or  graphite,  ground  in  pure  lin> 
tbdr  equivalent 

9.  Inepectioii 

lend  Requirements.  All  inspection  and  tests  shaU  be  made  at  the 
expense  of  the  purchaser. 

laterial  is  tested  at  the  mills,  the  necessary  number  of  test-pieces  and 
I  testing-machine  shall  be  furnished  free  of  charge  by  the  steel-con- 

piirchaser  or  his  representative  shall  have  free  access  at  all  times 
where  material  is  rolled  and  to  the  shops  where  it  is  fabricated.    In 
for  his  needs  he  shall  be  given  dates  of  mill  and  sliop-operations 
xl  with  complete  working  drawings. 

10.  Erection 

er«I  Requirements.  The  structural  steel  and  iron,  except  anchor- 
intels,  mad  material  not  connected  with  the  main  frame  of  the  struc- 
e  erected  by  the  steel-contractor  on  foundations  furnished  by  the 

sliall  be  taken  that  all  steelwork  is  level  and  plumb  before  bolting  or 
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(97)  Proper  provision  shaU  be  made  for  resisting  stresses  due  to  erectkn  open 
tions.   ■ 

(98)  In  general,  field-oonnections  shall  be  riveted,  but  connections  of  the  fo&m 
ing  classes  may  be  bolted: 

(a)  Light  subordinate  framing,  such  as  purlins*  monitor  and  skylight-framii 
girts,  platforms,  stair-framing,  partitions,  ceilings,  and  penthouses; 

{b)  Ordinary  framing  of  beams  to  beams,  and  beams  to  girders; 

(c)  Connections  not  subject  to  direct  shearing-stress. 

All  oonnections,  however,  affected  by  loads  that  cause  undue  vibration,  shi 
be  riveted.  One-story  buildings,  not  subjected  to  excessive  wind-pressure 
not  supporting  heavy  concentrated  loads,  shafting,  or  moving  loads,  may  1 
bolted  throughout.  The  threaded  part  of  a  bolt  shall  not  be  so  long  that  tJ 
bearing  value  of  the  unthreaded  portion  is  reduced  to  less  than  the  sheazi 
value  of  the  bolt.    Washers  shall  be  used  under  nuts  wherever  needed. 

(99)  Drift-pins  shall  be  used  only  to  bring  parts  together.    Unfair  boles  sh 
be  made  to  match  by  reaming. 

(100)  After  finishing  the  work  the  erector  shall  remove  his  equipment  and  i 
rubbish  resulting  from  his  operations. 
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Eatimating  the  Cost  of  Structural  Steel  for  Buildings 

Structural  ateel  for  buildings  is  conunonly  made  up  of  I  beams,  cfaanof 
angles,  Z  bars  and  plates,  which  may  be  used  as  single  beams  or  braces,  or  bq 
into  riveted  girders,  columns,  or  trusses.  The  Z  bars  are  now  seldom  used  1 
columns  or  other  structural  work  in  buildings.  The  cost  of  the  completed  ste 
work  is  made  up  of  the  following  items: 

(i)  Cost  of  the  plain  steel  at  the  mill,  plus  freight  and  dealers'  profits. 

(2)  Extras  for  cutting,  punching,  fitting  and  assembling  into  girders,  cofaoi 
or  trusses. 

(3)  Cost  of  the  fittings,  such  as  connection-angles,  gusset-plates,  etc. 

(4)  Shop-painting. 

(5)  Cost  of  erection  at  the  building. 

(6)  Painting  after  erection. 

Base-Price  of  Steel.  For  orders  of  any  considerable  siae,  the  cost  of  pi 
steel  is  based  on  the  price  at  the  mills  plus  the  freight  to  the  point  of  delivcq| 

The  BASE-PRXCE,  free  on  board  cars  at  Pittsburgh,  Pa.  (1930),  is  afai 
52.45  per  xoo  lb  for  I  beams  and  channels  15  in  and  less,  and  for  angles  1 
zees  from  3  to  6  in. 

I  beams  over  15  in,  cost  10  cts  per  100  lb  extra,  and  tees  over  3  in,  5  cts  est 

For  angles,  channels  and  zees  under  3  in,  the  base  is  $3.45  at  Pittsburgh. 

For  angles,  over  6  in,  $2.45  +  |o.zo.t 

For  H  beams,  $2.45  +  lo.xo. 

For  deck  beams  and  bidb  angles,  $2.45  +  I0.30.  t 

For  corrugated  and  checkered  i^ates,  $2.65+  |z-7S-i 

For  plates,  structural,  the  base  is  $2.65. 

*  Valuable  data  was  contributed  for  thi^  section  by  Associate  Editor,  Rollins  Flefl 

t  $2.45+So.xo  means  a  base-price  of  $3.45  and  an  eztia  I0.10. 

i  $3.45  -i-lo.30  means  a  base-price  of  $3.45  and  an  eztxm  of  $0.30. 

I  a.6s-|-$x.75  means  a  base-price  of  $3.65  and  an  extra  of  $x.75;  the  aaine  with  • 
+$0.15,  etc.  Corrugated  steel,  painted,  is  usuaDy  quoted  at  a  baae-price  i^liis  aa  4 
for  painting.    At  present  (1930)  it  is  $4,354-10.25. 
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lates,  flange,  the  base  ie  $2.65  +  $0.1$.* 

vTUgftted  steel,  painted,  No.  22,  $4.25  +  |o.a5.* 

migated  steel,  galvanized,  No.  22,  $s-30. 

eel  sheets,  black,  Nos.  10  and  ti,  $4.00. 

eel  sheets,  galvanized,  Nos.  10  and  xi,  $4,701 

eel  sheets,  black.  No.  22,  S4.20. 

eel  sheets,  galvanized,  No.  22,  $5^25. 

x-iron,  the  base  is  $4.50. 

rets,  $4.50. 

eel  bars,  I2.35. 

It-Rates  (March,  1920)  in  car-load  lots  aie: 

;h  to  Albany,  N.Y 37.0  cts 

to  Baltunore.. • 23.0  cts 

to  Boston 29.5  cts 

to  Buffalo,  N.  Y 21 .0  cts 

to  Chicago 27 .0  cts 

to  Cincinnati 23 . 5  cts 

to  Cleveland 77.0  cts 

to  Columbus,  0 20.0  cts 

to  Denver 99.0  els 

[i  to  Louisville. 26. 5  cts 

to  New  York 27.0  cts 

to  Norfolk,  Va 31.5  cts 

to  Philadelphia 25.0  cts 

to  RicbnuMid,  Va. * 30.0  cts 

to  Rochester,  N.Y 21.0  cts 

to  St.  Louis 34.0  cts 

to  Washington,  D.  C 24.0  cts 

unt  of  the  expense  of  carrying  beams  in  stock,  local  dealers  usually 
n  H  to  iH  ct  a  pound,  extra,  on  orders  supplied  from  stock. f 

rd  Classiiication  of  Extras.  These  lists  are  for  steel  bass  and 
LFES,  and  the  extras  are  added  .to  the  BASE-paiCEa  for  each  xoo 
rhis  standard  daaai&catioQ  was  adopted  June  15,  1919,  by  the 
teel  Company. 

Speciflcation  and  Inspectioa 

ial,  subject  to  United  States  Navy  Department  spedficatioos 

xiium  or  soft  steel $0.10 

e  huU-steel  (except  rivet-rods)  subject  to  United  States  Navy 
tment  specifications 1.00 

for  other  than  mill-inspection,  such  as  Lloyd's  or  American  Bureau 
,  for  buyer's  account. 

Quantlty-Dilferentialfl 
fications  for  less  than  2  000  lb  of  a  size  will  be  subject  to  the  foi- 
ls, tbe  total  weight  of  a  size  ordered  to  determine  the  extra,  regard- 
li  and  regardless  of  exact  quantity  actually  shii^)ed: 

U.75  means  a  base-prkre  of  $3.65  and  an  extra  of  $1.75;  the  same  with 
;,  etc.     Corrugated  tteei,  painted,  is  usually  quoted  at  a  bma  price  pluv 
winting.     At  present  (i9ao)  it  is  $4-35  -|-  $0.25. 
t  (1920)  a  war  tax  of  3%  is  to  be  added  to  the  rates  given. 
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Quantities  less  than  2  000  lb,  but  not  le»  than  1 000  lb Iij 

Quantities  less  than  1 000  tt> • «...  oi 


Machine-straightening « |a 


ICachine-Cutting  to  Spedllod  Lengths,  Roitnds  and  SQitarei^  i>$  1u±m  1 

Lflurgor 

Machine-cutting  to  lengths  over  48  in |a 

Machine-cutting  to  lengths  over  24  in  to  48  in,  inclusive a 

Machine-cutting  to  lengths  over  12  in  to  24  in,  inclusive al 

Machine-cutting  to  lengths  of  12  in  and  less,  extra  will  be  famished  oa 
application,  but  will  not  be  less  than a 

The  above  extras  apply  only  to  .50  per  cent  carbon  and  under.  Extras  I 
machine-cutting  over  .50  per  cent  carbon  will  be  furnished  on  applicatioa. 

Extras  for  machine-cutting  Rounds  and  Squares  under  iH  in.  Flats,  d 
will  be  furnished  on  application. 

Cutting  to  Specified  Lengths,  Other  than  ^»rhy%    riiHInf 

Cutting  to  lengths  of  60  in  and  over No  cM 

Cutting  to  lengths  over  48  in  to  59  in,  inclusive |a 

Cutting  to  lengths  over  24  in  to  48  in,  inclusive a 

Cutting  to  lengths  over  12  in  to  24  in,  inclusive q 

Cutting  to  lengths  of  12  in  and  less,  extra  will  be  fumiabed  on  application, 
but  will  not  be  less  than o 

Cost  of  Erecting.  For  erecting  ordinary  beams  and  columns  in  builA 
having  masonry  walls  the  cost  of  erection  should  not  exceed  $20  per  ton  «l 
there  are  bolted  connections,  and  it  will  sometimes  be  as  low  as  $13  per  ton.  1 
erecting  the  steelwork  of  skeleton  buildings  having  riveted  ooDiiectiDis  I 
customary  to  allow  $x8  per  ton. 

Coat  of  Painting.  The  usual  charge  for  sho(>-patnting  is  about  $3  i 
ton,  but  if  done  in  accx>rdance  with  the  specification  on  page  x  203  it  wooU  caa 
this  amount.  For  painting  one  additional  coat  after  erection,  alkiw  about  1| 
per  ton. 

Roof-Tntsaea.  In  lots  of  at  least  six,  the  shop-cost  of  ordinary  roof-tm 
in  which  the  ends  of  the  members  are  cut  off  at  right-angles  is  about  as : 
Trusses  weighing  x  000  lb  each,  from  $2.00  to  $3-50  per  100  lb;  tn 
I  500  lb  each,  from  $2.00  to  $2.50  per  100  lb;  trusses  weighing  2  500  lb  a 
from  I1.50  to  $2. so  per  100  lb;  and  trusses  wei^ng  from  3  500  to  7  soq 
from  $1 .25  to  $2.00  per  xoo  lb.  Pin-connected  trusses  oost  from  xo  to  30  d^ 
100  lb  more  than  riveted  trusses.* 

Steel  Mill-Buildings.  The  average  shop-cost  for  the  frames  of  sted  t 
buildings,  including  draughting,  is  about  $40  per  ton,  and  the  cost  of  end 
from  $20  to  $35  per  ton.* 

Coat  of  Drafting.    Details  for  church  and  court-house  roofs 
and  valleys  cost  from  $xo  to  $20  per  ton;  details  for  ordinary  mill-bi 
from  $6  to  1x2  per  ton.    The  cost  of  making  shop-drawings  varies  greatly^ 
the  character  of  the  construction  of  the  buildings,  and  with  the  accuracy  o| 

*  If  there  is  little  duplication  or  parts  of  if  manual  labor  entos  into  the 
any  great  extent  the  costs  given  will  be  iocieased. 
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.'t  dnwingi.  The  avenge  oasts  per  ton  of  ttael»  for  nttking  shop- 
i  are  about  as  follows: 

die  skeleton  constmctioik,  in  which  the  loads  are  all  carried  to  the 

jodatioDs  by  the  steel  cohunns,  $4.00. 

;  interior  ports  which  are  supported  on  steel  columns,  when  the  outside 

Us  carry  the  floor-loads  and  their  own  weight,  $3.50. 

;  interior  parts  which  are  supported  on  cast-iron  columns,  when  the 

tside  walls  carry  the  floor-loads  and  their  own  weight,  $2.50. 

tstniction  without  cohunns,  and  in  which  the  floor-beams  rest  on  ma- 

iry  walls,  $2.50. 

Idings  in  which  roof-trusses  supported  by  columns  comprise  the  greater 

t  of  the  construction,  $7.00. 

Idings  in  which  roof-trusses  on  masonry  walb  comprise  the  greater 

t  of  the  construction,  I4.00. 

kbuiklings,  avenge,  $9.00. 

lufactnring  or  abop-buildiiigs,  with  flat  roofs,  and  one  story  in  height, 

D. 

ratioasi,  additions,  remodehng,  which  requife  measurements  before 
Ills  and  shop-dni^ngs  can  be  made,  $12.00.* 

iiiiAte  Sstimatet  of  the  Weight  of  Steel  in  BnildingB.  Accord- 
j.  lVTeIl,t  the  weight  of  steel  in  any  proposed  new  building  may  be 
imateci  from  the  following  data,  which  b  a  fair  average  for  buildings 
leven  stories  high,  designed  according  to  the  Building  Laws  of  the 
{ton: 

Per  sq  ft 
of  floor 

aent-houses  and  hotels,  with  outside  frame 14  lb 

lent-houses,  without  outside  frame 9  lb 

MM  Idings,  with  outside  frame 23  lb 

buildings,  without  outside  frame 15  lb 

mses,  with  outside  frame 28  lb 

ruses,  without  outside  frame x8  lb 

in^  higher  than  eleven  stories,  the  weight  of  floors  will  increase  in 
»rtioa  to  the  number  of  stories,  while  the  weight  of  colxmms  will 
•e  rapidly. 
>pcozimate  weight  of  roof-trusses,  see  Chapter  XXVII,  pages  1050 


Weifhte  of  8t»el  in  BnHdings  X 

JtecHng  the  Weights  of  Steel  Stnictures  are  many  and  varied. 
)er  square  foot  of  area  or  per  cubic  foot  of  volume  of  a  structure 
should  not  be  assumed  as  the  weight  of  a  proposed  structure 
conditions  which  govern  the  one  are  found  in  the  other.  Munici- 
oodes  specify  floor-loads  and  these  vary  greatly.  The  prescribed 
^  working '  stresses  and  column-loads,  affect  the  weight.  The 
features  to  be  followed  also  play  an  important  part.  In  mill- 
wcight  is  afiiccted  by  the  kind  of  roofing  and  siding  used,  capacity 

f  $1 2  joo  includes  the  cost  of  taking  measurements.    This  generally  has  to 

cootnurtor. 

Structural  Steel,  in  Atelutects  k  BuildetB'  Magasine,  Jan.,  1903. 

I  by  itobiaa  Fkoung. 


1208 


Data  OQ  Stnictuial  Steel 


Chap. 


o!  cranes,  spacing  ol  trusses  and  columns,  shafring,  special  loadingt  aadl 
allowable  minimum  thickness  of  metal. 

Weights  of  Steel  in  a  Number  of  Stractores  are  given  in  the  folkm 
table  and  notes.  The  caution  regarding  such  weights  bdng  taken  as  pn 
dents  should  be  emphasized.  The  office-building  heading  the  list  is  < 
Equitable  buflding,  the  largest  offioe-building  in  the  world. 


Average  dimeiwiops  in  feet 

Weight  in 

wew: 

Tien 

pounds  per 

ponhl 
cubic  is 

of 

sqtutefoot 

■ 

Width 

Length 

Height 

beams 

of  framed 
area 

of 
voinv| 

Office>building8 

159 

308 

54a 

4Z 

37.00 

«  $S 

43 

79 

ai7 

17 

a6.zo 

a.aoi 

90 

90 

as8 

aa 

aS.ga 

9.4* 

81 

139 

aas 

19 

ax  .90 

tM 

43 

X04 

149 

13 

33.40 

»»\ 

48 

ZXI 

IIS 

9 

17.34 

i.Si 

Hotels 

97 

1X9 

944 

ao 

•6.09 

X.9S 

84 

143 

a70 

24 

26.95 

9.J9 

96 

zox 

932 

x8 

aS-40 

««N 

X08 

xao 

"5 

9 

14.00 

i.ca 

Department-stores 

133 

319 

ISO 

xz 

a3.87 

»-7? 

6a 

2XZ 

130 

8 

39.44 

tH 

X03 

X3a 

89 

7 

X8.30 

S.4I 

Warehouses 

ICO 

ros 

X31 

zo 

99. lis 

l.Ti 

88 

Z2X 

xax 

9 

90.60 

<•% 

145 

357 

xoa 

7 

90.80 

*.M 

.    , 

58 

7a 

5a 

3 

ai.ss 

t.tl 

Among  prominent  New  York  buildings  the  55-story  Woolworth  Bail 
with  a  ground-area  of  ^  000  sq  ft  weighs  3 x>  lb  per  cu  ft.;  the39-stoiy  BaH 
Trust  Building  with  an  area  of  9000  sq  ft,  3.1  lb.;  the  25-story  M  * 
Building  with  an  area  of  42  700  sq  ft,  3-6  lb;  the  25-story  Hotel  M 
\(ith  an  area  of  31  000  sq  ft,  2.0  lb.  The  lo-story  Curtis  BuildiDg  ol 
delphia  with  an  area  of  94000  sq  ft  weighs  3.0  U>.  The  structural 
four  buildings  of  Pittsburgh,  the  Arrott,  the  Farmers*  Bank,  the  EnxpiiC' 
the  Oliver,  is  quoted  as  weig^ng  respectively  2.8,  2.3,  2.1  and  i.S  lb  per  a 
For  buildings  of  from  8  to  12  stories  in  which  the  exterior  walls  are  canid 
steel  framing  the  weight  per  cubic  foot  of  volume  may  be  assumed  at  z;i 
for  office-buildings  and  1.5  for  hotels. 

Armories.    The  three-hinged  arches  with  roof-framing  of  an 
Brooklyn,  191  by  300  ft  in  area,  weighs  15.5  ^  per  sq  ft  of  ground 
armory  in  Buffalo,  233  by  335  ft,  weighs  18^3  lb.    The  steelwork  ol  the 
bridge  Armory,  New  York  City,  289  by  590  ft,  said  to  cx>ver  the  larieest 
haU  in  the  world,  weighs  about  90  lb  per  sq  ft,  of  which  one  half  is  zoof 
one  half  floor  and  miscellaneous  framing. 

Boiler-Shope.  ^zes  and  wdghts  per  square  foot  of  a  few  boHer-shoa 
as  follows:  167  by  336  ft,  three  aisles,  floor  in  center  and  cranes  in  outer  m 
concrete  roof  and  sides,  steel  purlins  and  girts»  93.9  lb;   194  by  300  iU  I 
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• 

h  15,  25  tod  50-ton  oanes  respectively,  steel  purlins  and  brick  walls 
jolumns,  36  lb;  74  by  160  ft,  lo-ton  oane  in  center  aisle,  single  beams 
aisles  to  carry  roof,  galvanized  cormgated-steel  covering  and  siding, 
S5  by  140  ft,  two  aisles,  one  with  crane,  20.8  lb;  94  by  97  ft,  two  aisles, 
zane,  36^  lb. 

ime.  The  steel  roof-trusses  and  bracing  of  a  car-bam  100  by  154  ft, 
ins,  brick  walls,  weighs  6.2  lb  per  sq  ft.  Another  car-bam,  44  by  270  ft. 
1-steeI  roof,  and  sides  on  steel  purlins  and  girts,  9.15  lb.  Another. 
4  ft,  four  aisles*  concrete  roof  on  steel  purlins,  zi.8  lb. 

t-Fleoii.  Four  cement-plants  with  ground-areas  of  58  000,  73  000, 
I  128000  sq  ft  respectivdy,  weigh  respectively,  33.6,  23.0,  23.5,  and 
rhese  weights  are  the  averages  of  the  buildings  that  usually  form  a 
nt.  The  individual  buildings  vary  from  10  lb  for  an  engine-room 
for  a  dinker^gxindiDg  room. 

mken.  The  weights  oi  six  ooal-bunkers  of  the  suspended  type  and 
ities  of  from  350  to  x  000  tons,  range  from  128  to  334  lb  per  ton  of 
he  average  being  204  lb.  A  system  of  rectangular  pockets  to  store 
'xo  ft  6  in  from  ground  to  valves)  weighs  X58.3  lb  per  ton  of  capacity, 
the  weights  of  supports  but  not  of  roofs  are  included.  A  35  by  70-ft 
>poited  on  plate  girders  with  a  capacity  of  1 000  tons  weighs  240  lb 
aqjadty,  including  the  roof-trusses  that  carried  the  conveyor. 

Iiopt.  The  steel  framing  for  the  roof  of  a  forge-ahop  83  by  126  ft, 
mixns  and  no  cranes,  covered  with  corrugated  steel  on  steel  purlins, 
lb  per  sq  ft  of  groundrarea.  A  forge-shop  220  by  240  ft,  four  aisles, 
rane-runwajrs,  composition  roofing,  concrete  sides,  steel  purlins  and 
^  34.6  lb.  A  for^B-shop  xio  by  42$  ft  for  heavy  work,  47  ft  6  in  to 
ti,  two  aisles  each  with  a  $o-ton  crane,  tile  roof,  glass  and  brick 
I  40  lb. 

B.  A  pipe-foundby,  50  by  150  ft,  slate  covering,  wooden  purlins, 
x5-ton  crane,  weighs  xx.35  lb  per  sq  ft.  A  similar  one  for  the 
ay>  45  by  82  ft,  with  a  30-ton  crane,  weighs  17.23  lb.  A  foundry. 
,  one  center  aisle,  with  light  crane,  lean-to  each  side,  corrugated- 
d  sides,  weighs  14.8  lb.  A  foundry,  150  by  290  ft,  for  a  pump> 
vir  aisles  with  20-ton  crane  in  one  aisle,  wooden  purlins,  two 
charging-floors  of  concrete  on  steel  beams,  weighs  13.9  \h.  A 
by  352  ft,  equipped  for  heavy  work,  6o-ft  center  aisle,  two  side 
Jiarging-floor,  storage-platform,  weighs  38.9  lb. 

Sbops.  A  machine-shop,  90  by  338  ft,  for  heavy  work,  one 
»  ft  wide  with  25-ton  crane,  each  side  aisle  25  ft  wide  with  gallexy- 
on  crane  underneath,  tile  roof  on  steel  purlins,  brick  and  glass 
43  lb  per  sq  ft  of  ground-area.  A  two-story  machine-shop, 
tJxree  aisles,  ligbl  cranes  in  lower  story,  composition  roof,  steel 
ete  sides,  weighs  35.15  lb.  A  one-story  building,  75  by  300  ft, 
oin  chord,  shafting,  corrugated-steel  roofing  and  siding,  weighs 
tlier  one-story  buikling,  70  by  100  ft,  18  ft  to  bottom  chord, 
rete  roof  on  trusses  10  ft  apart,  no  purlins,  weighs  13.88  lb.  In 
steel  framing  for  the  Hy-rib  sides  of  this  building  weighs  3.44  lb 
fflical  surface.  A  machine-shop,  xi6by252ft,6oft  center  aisle. 
o-ton-crane  runway  and  lower  25-ton-crane  runway,  two  side 
le  witb  traveling  jib-cranes,  weighs  33  lb. 

lis.  A  rolling-mill,  93  by  186  ft,  corrugated-steel  roof  and 
7.6  lb  per  sq  ft.    Another,  170  by  384  ft,  two  aisles  each  with 


1210  Data  on  Structural  Sted  Oiap. 

5-ton  cranes,  saw-tooth  roof-trasses  on  longitudinal  girders,  conocte  afalM 
steel  purfins,  brid^  waUs  between  columns,  weighs  17.5  lb.  A  siiiiilar  biaU 
for  shop-purposes  weighs  18.62  lb. 

Paper-Mills.  The  entire  structural  steel  for  three  paper-mins  wd 
respectively  18.4,  20.6  and  21.4  lb  per  sq  ft  of  area.  AU  roof -trusses  an 
the  flat  type,  spaced  8  ft  apart  in  the  first  and  third,  and  16  ft  in  the  aeoood 

Powor-Houses.  A  power-house,  44  by  186  ft,  49  ft  to  bottom  cImrI, 
ton  crane,  tile  roof  on  steel  purlins,  brick  walls  between  columns,  weighs  5 
per  sq  ft.  Another,  53  by  270  ft,  33  ft  to  bottom  chord,  20-ton  crane,  tifei 
on  steel  purlins,  brid:  walls  and  sash  between  colmnns,  weighs  59.6  lb.  Aao4l 
120  by  96  ft,  one  aisle  for  boiler-room  and  one  with  xo-ton  crane  for  eoi 
room,  steel  purlins  for  concrete  roof-covering,  bri<^  walls  between  coIm 
weighs  X7.8  lb. 

Train-Sheds.  The  train-shed  of  the  Pennsylvania  Railroad  in  fl 
delphia,  598  ft  long  and  with  arches  300  ft  8  in  from  center  to  center  d  | 
weighs  39.1  lb  per  sq  f t  of  ground-area;  the  train-shed  of  the  same  raSraai 
Jersey  City,  777  ft  long  and  with  arches  252  ft  8  in,  weighs  27.9  lb;  and  thi 
the  Phfladelphia  &  Readhig  Railroad  in  Phikdelphia,  506  ft  8  in  latm 
with  arches  259  ft  8  in,  weighs  31.5  lb.  The  train-shed,  390  fay  815  ft,  oi 
Central  Railroad  of  New  Jersey  in  Jersey  City,  is  a  series  of  concrete  and  1 
umbrellas,  of  the  Bush-type.    The  structuiai  sted  weighs  17  lb  per  aq  ft  of  ai 

Three  Indttstrtal  Plants.  In  one  of  the  plants  of  a  great  tndvstrial  < 
poration  a  two-story  shop,  51  by  380  ft,  weighs  28  lb  per  sq  f t  of  gnmnd-a 
a  thr^-story  shop,  80  by  420  ft,  37.9  lb;  a  three-story  shop,  80  by  300  ft,  46^ 
a  three-story  shop,  80  by  630  ft,  67.S  lb;  a  four-stoiy  shop^  77  by  141 
66.6  lb;  a  foundry,  121  by  150  ft,  40.S  lb.  In  another  plant  of  the  sanKi 
poration,  a  tlwee-story  machine-shop,  8d  by  510  ft,  weighs  84.3  lb;  a  fivc-i 
office-building,  49  by  243  ft,  70.3  lb;  a  power-house,  55  by  lao  ft,  374 
a  blacksmith^sbop,  81  by  200  ft»  15.6  lb.  In  a  plant  of  another  axpoo^ 
a  IxHler-house,  50  by  94  ft,  weighs  33.3  lb;  a  furnace-building,  60  by  i6( 
25.1  lb;  a  rolUng-mUl,  80  by  80  ft,  24.4  ft;  a  rod-mill,  243  by  220  ft,  2&1 1 

Cost  of  Merchant  Steel.  The  cost  of  merchant  iron  and  steel  of  afl  li 
is  based  on  a  certain  size  of  each  particular  shape,  whidi  is  taken  as  tiie  M 
and  the  price  of  all  other  sizes  is  figured  at  a  certain  extra  rate  above  the  1 
according  to  a  standard  card  of  uill-extsas.  The  base-price  may  1 
tuate  and  be  changed  without  notice,  but  the  extras  remain  constant,  and 
the  same  in  all  localities.  The  following  tables  indude  the  standard  <-l*q»fi^ 
of  extras  on  iron  and  steel  bars. 
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SCttdcrl  CkMlJIcatioa*  <»f  Bztms  oa  Iron  tad  Steel  Bsfs 
Adopted  July  is,  1919. 

Rounds  and  squares 


Sixes 


Extra  per 
IOC  lb 


I 


Sizes 


Extra  per 
zoo  lb 


;•  in- 
I    in. 

in. 

in. 

in. 

in. 

in. 

in. 

in. 


Base 

$o.os 

O.IO 

0.20 
0.25 
0.30 

0.3s 

0.40 
0.50 
0-75 


'/i2 

3Hto 
3»^t0  4H« 

4H  to5^i« 

SH  to 


SH  io 
6H  to 
6Hto 


m. 
in. 
3^|«  in. 
in, 
in. 
in. 
in. 
in. 
in. 
in. 


7H 


$x.oo 

X.25 

0.075 

0.Z25 

o.iS 
0.30 

0.35 

0.37s 
0.50 

0.62s 


Flats 


Sizes 


inXiH 

inX    H 

yiB  inX    H 

^e  ioX    H 

I       inX    H 

\      inX    H 

inX    H 

inX    H 

inX    H 

inX    H 

inX    H 

inXxMft 

inXiM 

inXiH 

inX  J 


to  X       in . 

to  ^ie  in. 
to  ^  in. 
to  Ma  in. 
to  ^  in. 
to  Me  in- 
to M*  in- 
to Ms  in. 
in. 
to  Ms  in. 
to  Ms  in. 
to  I'^'fs  in. 

to  xH  in- 
to 3  >^  in. 
to  4       in . 


Extra  per 
100  lb 


Base 

Ic.xo 
20 

35 

as 

35 

SO 

60 

0.70 

0.80 

x.oo 

0.0s 

o.xo 

O.IS 
0.20 


Standard  Classification  t  of  Angles,  Channels  and  Tees 


Amtlcs 


Sizes 


and  wider,  but  under  3  in  X  Ms  in  and  over $0.10 

I  and  wider,  but  under  3  in  X  >i  in o.  xs 

•-i  X  x*i  in  X  M«  in  and  over 0.15 

54  X  i>i  in  X»8»n 0.20 

in  X  M«  in o. 20 

in  X  ^  in 0.25 

in  X  Me  in 0.25 

inXHin 0.30 

in  X  H  in x .  10 

in  X  Ha  in i  .30 

in  X  H  in x.60 

in  X  less  than  H  in \  x  .80 

r  both  legs  X  less  than  H  in >  0.35 

m^les  are  subject  to  special  prices,  which  will  be  furnished  on  application 

e  sizes  take  the  next  higher  extra.     It  is  not  customary  to  enforce  mat 
«  "standard-card  extras"  for  round  and  square  bars. 
:e  sizes  take  the  next  hiffher  extra. 


Extra  per 
100  lb 
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Standard  Claasificatlon  *  of  Angles,  Channels  and  Tees     (Condnded) 


I  li  in  and  wider,  but  under  3  in  X  Mo  in  and  over. 

I H  in  and  wider,  but  under  3  in  X  J  s  in 

I  to  iJ4  in  X  ?J8  in  and  over 

I  to  iK  in  X  'os  in 

I  to  iK  in  X  >b*  in 

«4  and  J4in  X  M«  in  and  over 

and  T^  in  X  H  Jn 

and  J^  in  X  '/^<  in , 

n  X  H  In  and  over 

nXM2  in 

n  X  ^6*  in  and  over 

n  XW4in 


'A 


$o.is 
0.25 
0.35 

0.35 
0.50 
0.30 
0.43 
0.5s 

I.2Q 
X.4O 

x.So 
3.00 


Tees 


1 H  X  I  )^  in  and  wider,  but  under  3  in  X  5ie  in  and  over 

I  X  I  to  iJ4  X  1*4  in  X  ?'^«  in  and  over 

I  X  I  to  iK  X  iM  in  X  H  in 

^  XJ^inXMein 

J-g  X  ^  in  X  H  in 

HXH'mX^Aem 

JiXHinXHin 

5^  X  ^  in  X  H  in 

HXHinXHin 

Unequal- leg  tees    are  subject  to  special  prices,  which  will  be  fur- 
nished on  application. 


fo  TO 
0.40 
0.50 
0.50' 
0.60 
0.60 
0.70 

x.So 


*  Intermediate  sizes  take  the  next  higher  extra. 

The  base  for  car-load  lots  for  any  city  may  be  obtained  by  adding  the  frel 
rates  given  on  page  1524  to  the  base  prevailing  at  the  mills. 
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CHAPTER  XXXI 

)MICAL  AND   VAULTED   STRUCTURES* 

By 
EDWARD   F.  RIES 

CONSULTING  ENGINEER,  SAN  ANTONIO,  TEXAS 

1.    Domes  * 

cation:  Domical  structures  may  be  considered  under  two  main 
(i)  Smooth-shell  domes,  and  (2)  ribbed  domes.  The  first  division 
be  divided  into  (a)  domes  with  shells  of  uniform  thickness,  and  (b) 
h  shells  of  uniformly  varying  thickness.  The  materials  of  con- 
F  division  (i)  are  brick,  stone,  concrete,  and  tile;  and  of  division  (3), 
nete,  and  wood.  A  dome  may  be  constructed  with  or  without  a 
>r  with  or  without  an  occulub  or  eye;  and  in  the  case  of  ribbed 
f  may  have  either  circular  or  polygonal  bases. 

(z)  Smooth-Shefl  Domes 

leal  Principles.  Under  this  heading  are  considered  both  (a)  domes 
of  uniform  thickness,  and  (b)  domes  with  shells  of  uniformly  vary- 
ss,  and  also  domes  with  or  without  lanterns  and  eyes.  A  dome 
tapers  toward  the  top  is  the  more  stable  dome.  It  is  evident  that 
LTt,  or  crown,  tends  to  fall  in  and  thereby  push  out  the  lower  por- 
the  tighter  the  upper  part  is  in  relation  to  the  lower  part,  the 
tbc  dome.  The  exact  actions  of  the  internal  stresses  in  a  dome 
o  detennine,  but  a  very  practical  solution  can,  however,  be  developed 
nCf  that  the  stresses  are  parallel  to  a  surface  midway  between  the 
aer  surfaces  of  the  dome. 

Analysis.  A  dome  may  be  imagined  to  consist  of  a  number  of 
n^^  of  decreasing  diameter,  each  one  laid  on  top  of  another. 
ler  i>art  tends  to  fall  in  and  push  out  the  lower  part,  there  must  be  a 
x>ntract  each  ring  in  the  upper  part  and  to  expand  each  ring  in  the 
That  ia»  there  must  be  enix-compression  on  all  stones  (imaginary 
oncrete)  of  the  upper  part,  and  end-tension  on  all  stones  of  the 
The  dividing  line  or  horizontal  joint  between  these  upper  and  lower 
dome  is  called  the  joint  of  rupture.  The  angle  made  by  the 
ire  w^ith  the  vertical  (center  of  dome  as  apex  of  angle)  is  known 
:al.  angle.  It  is  evident,  then,  that  the  determination  of  the 
TURK  and  the  critical  angle  determines  also  the  points  below 
s  tension  in  the  rings.  By  reinforcing  the  lower  part  with  steel 
to  resist  this  tension,  the  dome  can  be  made  secure.  If  the  dome 
E,  that  is,  one  in  which  the  angle  the  base  makes  with  the  vertical 
tie  csmcAL  angle,  the  tension-steel  must  be  placed  at  the  base 
the  outward  push  or  thrust, 

•  Sec,  also,  Chapters  VII  and  VIII. 
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Chap.  I 


Notation  and  Theory  (See  Fig.  1): 

f  "■  mean  radius  of  dome; 

a  -  thickness  of  shell  at 
crown; 

/ « thickness  of  shell  or  of 
ring  at  any  point; 

a»angle  made  with  the  ver- 
tical by  radius  to  lan- 
tern-ring. Center  of 
dome  is  the  apex  of 
angle.  In  a  dome 
without  lantern,  a  -o; 

9  a  angle  made  with  the  ver- 
tical by  radius  passing 
through  any  point  In 
shell  (in  equations 
angles  are  in  radians) ; 

csa  constant  of  variation  of  / 
with  respect  to  arc  $; 

-~  "i  a   constant    (based   on 


above  notation)  for 
any  dome; 

^-critical  angle,  that  is, 
the  angle  made  with 
the  vertical  by  the 
joint  of  rupture; 

»■■  weight  of  cubic  unit  of 
masonry; 

F«  volume  of  shell  of  com- 
plete dome  above  any 
ring; 


H-W  cot,^ 


Fig.  1.     Smooth-shell  Conccete  Dome.    Aaabrd 


Wd^wV^  total  weight  of  complete  ^eU  above  any  ring  (including  the  | 

removed  for  eye); 
fVi-o  =  weight  of  lantern  minus  weight  of  shell  removed  for  occuliu  or 

(Wi^  0  may  be  either  positive  or  negative); 
WmWa-^Wi-o; 

n  =  ^,  a  constant  for  any  dome; 

P  ^  total  tangential  pressure  for  any  ring,  due  to  lantern  and  shell  al 

tiiat  ring; 
U  »  tangential  pre«ure  per  iinit'length  of  ring; 
H  "•  total  radial   horizontal   pressure  on  any  ring,  due  to  omtwawl  pa4 

thrust  of  shell  above  that  ring; 
7*=  hoop-tension  or  hoop-compression  in  ring,  due  to  H; 

Using  this  analysis  and  notation,  the  following  equations  are  devdoped: 

Equation  {t)    t'^a  +cr6  ' 

Equation  (2)    K-  2vr*[a{i  —  cos  ^)  +  cr  (sin  ^  —  9  cos  9)] 


Equation  (3)    Wd  -  wF  -  2x  war 


.[,.- 


ct 

cos  5)  +  —  (sin  5—  $  cos 
a 


.].. 
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I  (i  — 0M^+— (sintf— flcos^)  I 


tt  (4)    ?  -  2T  war*  I  (»  coscc  $-k-  cosec  *—  cotan  9)  +  — (x  — ^cotan  6)  I 

[coaec  ^—  coUn  0-\ — (i  —  $  coUn  ^)1 
^+ 5S^^ J 

-  vor  (5x  +  5^,    in  which 

an' 9 

or 
ooaec9— cotan^H — (i  —  ^  cotan  ^ 

r(6)    r«  :^«  war*  Micotan9+(i'-cos0)ootan9. 


ar 


+  —  (sin  $—$cob6)  cotan  9 


] 

-  war*  (I'lH- 10.  in  which 
Ki ""  n  cotan  $    and 

F-i  I  (x  — coft9)cotan0+- (ab9— 9co89)cotan9l 

,  <T     r  ,  ^      cos  ^  sin*  ^1      r^       ^     i  —  e  cotan  d1 

7)   --I  »coscc*^ ; -—     +^cosd — - — 

'     tf      L  X  +  cos  5    J      L  sin  ^       J 

Mid  lATMtisfttioii  of  Smooth-SheU  Circular  Domot.  By  the  use 
:oing  equations  any  circular  dome  can  be  designed  or  investigated. 
tadons,  however,  connected  with  some  of  these  equations  are  long 
I,  and  ajre  simplified  by  tising  curves  plotted  from  the  solutions 
*  giving  different  values  to  some  of  their  elements  or  factors.  (See 
ill,  and  IV.) 

I  (7)  is  represented  by  the  curves  inflate  I.    By  the  use  of  these 

9sition  of  the  joint  of  rupturs  for  any  dome  is  found  by  hispectioa 

c^  cr 

uea  of  —  and  n  are  known.    The  value  of  —  is  easily  determined,  as  c 

a  a 

[  by  using  Equation  (i)  after  determining  or  assuming  a,  the  thick- 
rown.  and  /,  the  thickness  at  the  base;  and  the  value  of  n  is   found 


>«•  -• 


2irwar*' 


3)  is  represented  by  the  curves  in  Plate  II.    From  these  curves  the 

'  shell  is  determined. 

S)  is  reproented  by  the  curves  in  Plate  III.    Knowing  the  values 

le  yrahit*  M  St  fl-nd  5  are  found  by  inspection,  and  hence  U  Is  eaail/ 
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Values  ol  ^ 

Pkul,  Cutva lot Dclfnunatiini oF Joint o( Raptim (]i Domo,  BucdmEqiuIiia'] 
Equation  16)  is  represenled  by  Ihe  curves  in  Plate  IV.  Knowing  the  viJuei 
Hand  — .  the  valuoof  Vi  and  Y  are  found,  and  7 computed  lortny  rins.  yik 
•  equals  zero,  Fi  equals  «ro.  and  the  value  of  T  dependi  upon  ¥  kiciveoEol 
lower  curves.  It  will  be  noIiaKi  that  V  incream  as  0  inansn  until  the  ca 
ICAL  AHOLE  (oT  I  dome  without  lantern,  or  eye  («  -  o),  is  leached;  that  tt.  ea 
successive  ring  increases  the  outward  thrust,  and  it  the  CTuncAL  axgu  there 
■  marimura  value  of  I',  and  hence  a  v^ximitii  Hoop-TcmiOH  7".  After  I 
cuTicAL  ANGLE  is  passcd  the  liagi  are  in  tension,  and  thenfoce  T  and  )'  < 
reduced  hy  the  tension  required  of  the  ring  or  misoniy. 

The  curves  also  indicate  that  the  stability  ofadrane  with  a  ibcD  of  wfa 


-  DetermlnaUaa  ol  Wclghl  o[  Shtll  of  Doma.  Baaed  on  Equation  ti) 
DO  lantern  is  not  aSecti:il  by  the  tluckue&5  of  tbe  shell, 
refore  ^  —  o,  regatiliess  of  the  value  of  a. 

squired    to   deiisn  a  SMOorn-gHELL  BEtNFOSCED  concsete 
an<l  with  a  lantern  ol  lo-ft  radius,  weighing  50  000  lb.    The 

im  is  to  be  removal,  forming  an  eye.     t^ig.  2.) 
a  cTQim-thicknc^.  d,  ot  5  Id,  aod  a  thickness,  t,  at  the  bax 
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For  the  dome  without  wind-loads  oi 


-w- 


TheaDska-HD-i— -  i»*  jo". 

From  Plate  II  the  weight  of  the  sbell  removed  for  the  ejre  is 
■Sof^')Us)'(o.i65)-K-883!b 


Ancles 
Curves  Tor  Dctctmiiution  of  tlcaff*taaloa  n  HBatKampttwfaa  la  DoBt> 
riDf.    Bued  OD  Equitioo  (6) 

Wi-o  -SO  000— 30  S3j-  391171b 
loads  aod  snow-louls  a  simple  anil  sale  method  of  procedure  is  to 
irm  load  ovw  the  sutfao;  erf  the  dorae,  since  Ihis  load  can  be  tians- 
etiutvuieat  in  indies  of  masaniy  uid  hence  Che  same  equations  and 
A  ^nd-load^  for  exunple,  of  15  lb  per  &q  It.  'n  equivalent  to  2  in 
veigbios  ijolbpeicuit.  Heaoe  the  nen  d  aod  1  equal;  and  10  in. 
Haace  from  EquatioD  (1) 


■IF 
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Quip. 


and 


nm 


29117 


2x(lSO) 


fe) 


■■0026* 


Welcht  of 
Lantern,  60,000  lb« 


(45)^ 


From  Plate  I,  with - 

a 


OA 


Fig.  2.    Smooth-shell    Concrete   Dome  with 
Lantern  and  Eye.     See  Example 


and  n  ■■0.026,  the  critical  as* 
is  found  to  be  52**  35'. 

From  Plate  IV,  at  the  cun 
ANGLE  for  the  donoe  with  sd 
load  and  wind-load 

r-  iSo(~j  (45)*(o.o2o  +  0kg 
*  65  914  lb  tenaon 

This  must  be  redsted  by  1 
reinforcing  rods.  Allowing  a  1 
tensional  stress  of  i6ccoIh 
sq  in    in    the    steel,   a   total 

^5  9M  .  ^       y, 
4.12  sq  m  sectional  i 

16000 

of  steel  is  required.    At  the  I 

(«  =  8o°) 

r  -  150  [^  (4S)*(ox»5  +  OJ 

-  33  843  Ih 

The  total  cioas-sectional  are 
steel  in  tension    at   the  bafl 

33  843  .         .  , 

2.12  sq  in,  given  by 


16000 

round  rods,  each  H  in  in  <fianM 
The  remaining  required  sectional  area  of  steel,  4.12  —  2. i2»  a  sq  in.  a 
be  spaced  in  the  lower  part  of  the  dome  over  an  angular  distance  of  (80" — 52*, 
-  27°  25' -0.4785  radian,  or  0.4785X45"  21.53  ft  up  the  surface  of 
dome. 

The  assumed  thickness  of  shell  at  the  base  was  8  in,  and  the  thickness  at 
lantern-ring  will  be,  from  Equation  (i), 

cr 


a 


or 


S  +  5  (0.43) (0.2 239)  -  5.48  in 

Allowing  0.2  per  cent  of  steel  cross-section,  horizontally  and  meri<fioiia9sr, 
SECoNDAay  STRESSES  caused  by  temperature-changes  and  possible  una 
snow-loads  and  wind-loads,  there  should  be  8  X12  X  0.002  "^  0.19  sq  in  of  1 
cross-section  per  running  foot  at  the  base,  and  5.48  X  12X0.002  —  0.13  9 
per  running  foot  at  the  lantern-ring.    The  spacing  of  the  horizontal  reinfot 

•  The  snow-load  on  the  top  of  the  lantern  Is  taken  care  of  becaxise  snow-loads  and  1 
loads  over  the  entire  dome  were  included,  and  only  the  actual  masoniy  of  the  ryt 
iubtracted. 


nd  u  iufiaud  b  Fig.  3.  Curve  A  gives  the  toUl  amoiuit  of  (Ud 
In  ooomdait  siusses  above  any  point  in  the  crasfr-sectioa  of  the 
w  B  pa  the  aecoBuy  teoiioaai  rcaiKaace,  luing  Curve  4  u  a 


ISB  &(  DetomiuboB  of  Anxmnt  at  HoritODtal  Sted  Bcinlvdiia  in 

Ear  the  ordintLlo.    Vuious  poiiili  oa  tbe  curve  ai«  ea«ly  deter- 
Eunple,  for  9  —  70° 

(  -  5  +  s(°-A3)U-iii7)  -7-63  «n 
□  of  temperatura-sleel  per  foot  at  70"  ia 
7-63  X  IJ  X  OJ»a  -  0.18  sq  in 
ectioD  of  temperature-steel  above  70°  is  then 

— ^^  X  (1.1117-0.3139)45  -  6.96  iq in 

cross-section  (Plate  IV)  above  70°  is 

(15°)  (7/'J)(4S)'(o.i9a  +  o-oo9)  ^^,_JJ^^^ 


8.4s  +  i.oo  -  1045  sq  in 
1  in  of  teosioa-iteel  at  the  base.    If  H-in  round  K 
—^  ~  54.  required  is  the  ahell.    By  dividing  the  ai 
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below  the  curve  (Tig.  3)  into  54  parts,  the  distance  up  from  the  base,  where  eac 

rod  should  be  placed,  is  determined.    The  meridional  sted  should  be  sudh  thi 

there  will  be  0.19  sq  in  of  cross-section  per  foot  of  drcumferenoe  at  the  bat 

and  0.13  sq  in  per  foot  of  circumference  at  the  lantern-ring;  that  is,  if  H-in  rota 

0.1963  0.1963 

rods  are  used,  they  should  be  spaced 1.03  ft  at  the  base,  and • 

0.19  0.13 

1.5 1  ft  at  the  lantern-ring.    The  punching-shear  at  the  lantern-ring  is  equal  1 

50  000  lU  • 

>-  12.1  lb  per  sq  m 


(5.48)  (2irioX  12) 
This  is  well  within  the  limit  of  40  lb  per  sq  in. 

(2)  Ribbed  Doaiea 

General  Principles.  The  following  discussion  applies  to  domes  of  ckb 
circular  or  polygonal  horizontal  cross-sections.  All  steel  domes  are  ribbi 
domes,  and  usually  have  from  six  to  twenty-four  ribs  resting  against  a  uunud 
KING  or  SPIDER  at  the  top.  The  ribs  may  have  solid  webs,  perforated  wcfce,  < 
latticed  webs,  with  angle  or  channel-flanges.  The  latticed  angle-ribs  are  pnle 
able  because  of  their  hgfatness.  The  tension-rings  and  oompresEion-riiigs  mi 
bt  built  similar  to  the  main  ribs,  and  should  brace  the  latter  throusJb  i^ 
gusset-connections.  The  diagonals  are  usually  rods  with  tuznbuddes  for  adjua 
ment.  Concrete-ribbeo  domes  or  wooden-ribbeo  domes  may  be  desipai 
according  to  the  same  general  principles  followed  for  steel  domes,  but  the  disi 
onals  are  omitted  and  dependence  for  rigidity  h  placed  on  the  slalvfilE^ 
between  the  ribs. 

The  Schwed  ar  Method  for  the  Deslgii  of  Staal  Domes.    W.  Sdhw«4 

has  by  simple  resolution  of  the  forces  derived  equations  for  domes,  based  on  t 
forms  of  SURFACES  OF  REVOLunoN.  These  equations  are  easily  diedied  w^ 
the  forces  acting  through  a  rib  (the  rib  acting  as  a  strut  between  tlie  jofa^ 
and  through  a  ring  at  a  joint  are  considered.  The  fdlowfaig  lews  mar  t 
stated:  1 

(i)  The  ribs  are  in  maximum  stress  when  the  whole  dome  is  loaded; 

(2)  A  ring  is  in  maximum  tension  when  all  of  the  dome  above  the  ring  is  ha 
loaded,  and  in  maximum  compression  when  all  of  the  dome  below  the  ring  0 
the  ring  itself  is  fully  loaded;  . 

(3)  The  DIAGONALS  are  not  stressed  when  the  dome  is  symmetrically  loadJ 
The  diagonals  in  a  panel  are  in  maximum  stress  when  the  dome  on  one  side  cf 
meridional  plane  passed  through  the  center  of  that  panel  is  fully  loaded  SI 
the  other  side  unloaded. 

In  Fig.  4  let 

ctit  oci,  oi,  etc.  -  angles  made  by  rib-sections  with  the  hotiaontal; 
^1,  ^2,  fih  etc.  -  angles  made  by  diagonals  with  the  liba; 
Pi,  Ps,  Pi,  etc.  i-  dead  loads  at  ends  of  rib-sections; 
Li,  Z.I,  Ls,  etc. «  live  loads  at  ends  of  rib-sections; 
2>i,  A,  Di  etc.  •  strettes  in  lib-secdons; 
Tu  Tt,  Ti,  etc.  ••  stresses  in  rings; 
Ni,  Nt,  N»,  etc.  -  stresses  in  diagonab; 
n  *  number  of  ribs. 


Domes 


iim 


ELEVATfON 


Fi8.i.    Schwedfcr  Ribbed  Dome 


P*-¥l^ 


Dt 


iP.^LO-^iPt-^-U) 


an  oi  sinai 

(^.  >  i4) -KPt  +  Z»)  +  (P.  +  L.) 


STQCti 

(^i-f  ill)  cotai 
1  sin  - 

H 


>etc. 


.    r 

2  an  - 

n 


^ 

*4 

A 

SECTION 


lit  is  negaijvt  tbe  stttss  U  compressive). 
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Maximum r.-  (ft+^')  °«--CP-  +  ^.  +  ft)cot», 

Mim«umr.-^'""'"-'^-^^-+^-'^'°' 

'  Mirimumr. -  (^■  +  J^-->-f'-^^«-t<^-{J'.  +  t.  +  P.  +  I.  +  PJcl 

»=..;-,„  r-t^'  +  ^ri  cot  «.-(/--LP.+  P.  +  i..)oota,_..    ' 


Nf 


L,+  U 


N,- 


+  £«+£. 


For  Ok  stresses  in  the 
factor  2  is  inlroduced  b 
Brcslau  found,  by  exact  -"'^ 
stresKS  only  one  half  as  luge  u  il 
detemtincd  by  the  simple  resolutu 
forces.  The  diagonals  are  sti^vd  m 
>  wind-load,  aod  this  ix  ressn 
assuming  a  vertical  live  load  eqia 
from  lo  to  30  lb  per  sq  ft  of  BOKtzoi 
pROjecnoH. 

A  GRApmcAi.  UETBOD.  devcjofa^ 
E.  Sclmiidl,  for  determiiuiig  tke  stn 

a.  ft.  ft,  r,,  r.,  r.,  etc.,  b  ihcm 

Fig.  4*. 

W«ichla  of  Steel  DonM.  It 
found  by  Scbarowsky,  Ikhd  calculat 
made  for  a  large  number  0*  Sdnn 
FIAT  DOMES  vBiyiog  in  ^no  fnunt 
iSo  ft.  that  the  weight  of  the  lua 
and  steel  skeleton  pet  aq  ft  of  proje 
(covered)  area  is 


tt-o.ois6S+4 

when  »•  pounds  per  aquare  1 

projectal  area,  and  5  —  the  gpui,  i 
For  preliminary   calculatkws    (n 

HEmSFHEalCAL        DOMES,        Uk 

found  by   this  equation    should 
creased  from  two  and  a  h«H  it 
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Dome  of  the  Horticulture  Palace,  San  Francisco,  Cal.*  This  is  a 
LER  HEiiiSFHESiCAL  DOME  of  x52-ft  Span,  with  twenty- fouf  latticed  ribs, 
p,  carrying  a  lantern-rino  or  spider  at  the  top,  and  connected  by  eleven 
al  tings.  The  lantem-ring  is  6  ft  in  diameter,  36  in  deep,  with  a  solid 
i  braced  twice  diametrically.  The  ribs  are  constructed  of  two  4  by  4 
I  angles  at  the  top,  two  3  by  3  by  M  «-in  angles  at  the  bottom,  and  a  2  ^ 
ly  }i-m  angle  single-lattice  web.  The  dome-steel  weighs  about  17  lb 
:  of  projected  area. 

ete  Ribbed  Domes.  In  a  reintoxced-concsete  kibbed  dome 
ber  of  ribs,  varj-mg  from  eight  upward,  is  determined  by  the  substruc- 

the  size  of  the  dome.  The  different  steps  in  designing  a  ribbed  rein- 
ncrete  dome  are:  (i)  the  determination  of  the  number  of  ribs  and  rings; 
etermination  of  the  loading,  per  rib,  using  the  required  shell-thickness 
issumed  rib-sizes  and  ring-sizes  for  preliminary  calculations;  (3)  the 
f  the  forces  acting  on  the  ribs  by  the  use  of  Schwedler's  formulas; 
-awing  of  the  elastic  cur\'E  for  the  ribs;  (5)  the  determination  of  the 
id  necessary  reinforcement  in  the  ribs,  rings,  and  slabs;  (6)  the  adjust- 
izes  and  loads,  so  as  to  be  on  the  side  of  safety;  and  (7)  the  reworking 
-eliminary  computations  for  the  final  design.  The  elastic  curve 
vays  remain  in  the  middle  half  f  of  the  rib,  and  should  never  be 
y  from  the  center  of  gravity  of  the  rib-section  that  the  maximum  com- 
:ress  of  500  lb  per  sq  in  in  the  outer  fiber  of  the  rib  is  exceeded.  The 
lent  in  the  ribs  should  be  sufficient  to  resist  the  flexural  stresses  due 
XNTRiciTY  OF  THE  ELASTIC  CURVE.    The  reinforcement  in  the  rings 

sufficient  to  resist  the  tensile  stresses,  and  should  be  as  straight  as 
L  order  to  avoid  a  sidewise  stress  or  movement.  The  rings  must  be 
to  resist  their  flexure,  as  beams.  The  panel-slabs,  if  domical  (see 
lell  Domes),  should  be  reinforced  for  shrinkage-stresses  and  tem- 
STRESSES,  in  addition  to  the  reinforcement  for  tension  below  the 
;le.  If  the  slabs  are  straight  they  should  be  designed  as  floor-slabs, 
ilar  methods. 

.  ^  It  is  required  to  build  a  dome  (Fig.  5)  with  a  span  of  132  ft  and  a 
t  6  in.  This  makes  the  radius  85  ft.  The  eye  is  to  be  12  ft  in  diam- 
outer  surface  of  the  dome  is  to  be  a  domical  slab  on  ribs,  carrying  a 
plastered  ceiling  forming  the  inner  surface. 

§  To  obviate  the  necessity  of  building  a  complete  domical  form,  , 
rom  the  floor  below,  the  decision  is  to  build  a  ribbed  dome  as  follows: 
i  to  build  a  central  tower  to  temporarily  carr>'  the  upper  ends  of  the 
:ast  these  ribs,  raise  them  into  position,  cast  the  ring  of  the  eye,  sus- 
n^-forms  from  the  ribs,  pour  the  rings  in  place,  and  then  fill  in  the 
on  forms  supported  from  the  rings  and  ribs. 
SPAN  of  the  dome  is  132  ft,  the  circumference  at  the  base  is  414-7 
e  of  the  su^)ension  of  the  panel-forms,  it  is  well  to  keep  the  panel- 

rl  and  T.  F.  Chase.  Engineering  Record,  Oct.  24,  1914- 

I  practice  has  been  to  keep  the  resistance-line  within  the  middle  third  in 

Ily.     In  reinforccd-concrete  aicfacs  and  domes  it  may  depart  a  small  dis- 

the  middle  third,  but  there  should  be  sufficient  steel  to  resist  any  tension 

The  ribs  of  domes  differ  from  ordinary  arches  as  they  are  rigidly  braced 

ind  the  slab-panels. 

;  of  this  example  is  similar  to  the  dome  over  the  Hippodrome  at  Copen- 

Tk,  by  Christian!  and  Nielsen.     See  the  periodical,  Concrete,  for  December, 

ution  of  this  example  all  calculations  have  been  made  with  the  slide-rule. 
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within  about  a  20-ft  limit.    Hence  twenty  ribs  aie  necessary.    With 

T£R)CEDiATE  RINGS,  the  lower  panels  are  approximately-  square.    The 

i  not  to  show  below  the  ceiling,  and  hence  a  narrower  spacing  toward 

is  unnecessary  for  appearance.    For  preliminary  calculations,  allowing 

per  lin  ft  for  the  eye-ring  and  the  load  due  to  a  glass  covering  over 

250  Ih  per  ft  for  the  weight  of  the  ribs,  and  150  lb  per  ft  for  the  weight 

termediate  rings;  and  assuming  a  slab- thickness  of  3  H  in,  a  suspended 

eiling  %  in  thick,  and  25  lb  per  sq  ft  of  surface  for  snow-bads  and  wind- 

an  equivalent  of  a  2-in  thickness  of  concrete),  the  loading  on  the  ribs  is 

I  in  Diagram  A  of  Fig.  5.    To  illustrate  the  method  of  detekmining 

DS,  the  calculations  for  the  loading  at  the  lower  intermediate  ring  are 

The  WEIGHT  OF  THE  KiB  is  25©  X  17.39-4  347  lb.    The  weight  op 

2  X  IT  X  8s  X  sin  39**  14'  ,,       _, 

c  IS   150 =*2  534   lb.    The  weight   of   the 

20 

(D  CEILING  between  tf  »33°  ai'  and  9-*  45**  5'  is,  from  the  cun'es  in 

with  -  -  =  o, 
a 

«  15  570  lb 

20 

I  dead  load  is 

4347+2534+15570-22451  lb 

tal  live  load  is 

IS  570  X  2 

•    ,._/,.   -  7  330  lb 

ess  Z>«  (see  method  in  Fig.  4a),  in  the  lower  section  of  the  rib  is  the 
nd  according  to  Schwedler's  formulas,  page  1223,  is 

6  600 -h  15  301 -h  22  9084- 29  781  -, 
: j-;^ 105  400  lb 

jmuciTY  of  the  stress  Da  is 

85  -  (85  cos  5°  51O  -  0.44s  ft 

ent  due  to  the  eccentricity  of  D*  is 

105  400  lb  X  0.445  ^t  —  46  903  ft-lb,  or  562  S36  in-lb 

it  the  coLtTiN-LiKE  compression  of  Di  there  is  required  a  cross-sec- 
i  of  rib  of 

IPS  400  .      , 
"»  2TI  sq  m  of  concrete 

500 

»t  the  cflFect  of  the  eccentricity  of  the  stress  A,  it  is  necessary  to 
High  steel  so  that  the  total  stress  in  it,  multiplied  by  the  distance 
le  top  and  bottom  steel  reinforcements,  is  equal  to  the  moment,  562  836 
idy  found. 

le  ECCEMTRicmr  of  D*  is  0.445  ft,  and  the  line  of  action  of  the  thrust 
pt  within  the  middle  half  of  the  rib,*  the  rib  will  be 

4  X  044s  «-  1.78  ft «  21 H  in  in  depth 
*  See  foot-note  on  page  1225. 
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Allowing  iH  in  of  concrete  for  steel-protection  at  the  top  and  bottom  ot  i 
rib,  the  distance  between  the  inner  and  outer  reinforcements  is 

Therefore  a  stress  of 

562  836  „ 

; —  30  424  lb 

183^ 

is  to  be  resisted  by  the  steel  at  the  top  and  bottom.     Since  there  is  steel  in  bi 
COMPRESSION  and  tension,  the  allowable  unit  stress  in  it  is 

^650 


/65oXi8H\ 
\       21^     I 


(15—  i)  -  7  830  lb  per  sq  in 


This  is  because  the  allowable  compressive  unit  stress  in  the  outer  fibers  oC  a 

Crete  beams  is  650  lb  per  sq  in;  the  ratio  of  the  modulus  of  elasticity  of  t 

steel  and  of  concrete,  15:  and  the  distance  between  the  inner  and  outer  sti 

reinforcements,  and  the  distance  of  the  rib-depth,  x8H  &i^d  21H  in  respectivci 

The  I  in  the  expression  (15  —  1)   is  to  take  care  of  the  stress  carried  by  t 

concrete  replaced  by  the  steel. 

The  total  cross-section  of  steel  necessary  at  both  the  top  and  bottom  oft 

rib  is,  therefore, 

30  424 

^-^  -  3.89  sq  m 
7830 

furnished  by  four  iH-in  round  rods.  The  best  arrangement  cf  the  311  sq 
of  concrete,  and  the  steel,  results  in  a  cross-sectional  shape  shown  in  Diagram 
of  Fig.  5.  The  stirrups  should  be  spaced  not  more  than  three  fourtbs  of  tl 
distance  between  lines  of  longitudinal  steel,  or  K  X  18H  =  la  in  (ai^uoxiznatcli 
and  they  should  be  made  from  |^-in  round  rods.  Because  iA  the  ties  in  ti 
flanges,  it  is  advisable  to  use  small  ^-in  rods  as  stiffemers  at  the  inti 
sections  of  the  ties  and  stirrups.  Projecting  ijoops  should  be  left  for  fasienii 
the  panel-slabs.    The  actual  weight  per  linear  foot  of  the  ribs  is 

211  „ 

—  X  150  =  220  lb 
144 
for  the  concrete,  plus 

(4  +  3-38)-!- II- 25  lb 

for  the  steel,  equal  to  a  total  of  245  lb,  as  against  250  lb  per  fin  ft  previcxd 
allowed  in  the  calculations. 

As  the  ribs  are  to  be  precast  and  raised  into  place,  it  is  necessaiy  to  determii 
whether  they  are  of  sufficient  strength  for  this,  and  whether  they  will  stand,  u 
supported  by  the  rings,  without  breaking  under  their  own  weight.  By  oosisde 
ing  the  ribs  to  be  simple  arches,  and  testing  them  by  deteimining  the  See  1 
thrust,  it  is  found  that  they  are  amply  safe.  In  order  to  resist  the  thrusts  4 
stresses  developed  by  raising  the  ribs  into  place,  it  is  necessary  to  tie  the  cm 
together  with  bowstring  rods. 

The  stresses  in  all  of  the  rings,  except  the  footing-sing,  are  comptessiv 
This  is  because  they  axe  all  above  the  critical  angle.  (See  Smootb-Sfai 
Domes.)  Therefore,  in  determining  the  stresses  by  Schwedler's  formulas,  od 
the  equations  for  the  minimum  values  of  Ti,  Ti,  T%,  and  T%  need  be  used. 

The  stress  in  the  eye-ring  is 

(5750+ 850)  cot  9*  5S' 


—  120  600  lb 


2  sm  — 

20 
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less  in  the  fibst  xNTBRMEmATE  snro  is 
7SO  cot  9*  5S')—  (5  750+  12  146  +  3  155)  cot  21*  38' 


.     r 

2  sin  — 

30 


—  65  000  lb 


■ess  in  the  second  intejelmediate  ring  is 

^  12  146)  cot  21°  38^—  (5  750+  12  1464-  17  573  +  5  33S)  cot  33*  21^ 

TT 

2  sin  — 

20 

"  —S3 900  K> 
ess  in  the  tsisd  intemcediate  king  is 

12  146+17  573)  cot  33^*  21^ -(5  75Q+"  146+17  S73+a2  451+7  33o)  cot  45°  5^ 

2Sin  — 
20 

=  —  35  600  lb 

*ss  in  the  footing-ring  is  tensile,  and  hence  the  equation  for  the  icax- 
KiXTE  of  Ti  gives 

h  850  +12  146  +  3  155  +  17  573  +  5  335  +  22  451  +  7  330)  cot  45"  5^ 

.       IT 

20  -  238  000  lb 

120  600  .      -  .     .      • 

-ring  should  have -•  242  sq  in  of  concrete,  but  for  appearance  it 

SCO 

e  as  wide  as  or  wider  than  the  ribs;  hence  it  is  made  31)^  in  high  and  16 

This  size  allows,  also,  a  firm  anchorage  for  the  rib-reinfordng.    With 

einfordng  it  requires  four  i^i-in  round  rods.     (See  Diagram  C,  Fig.  5.) 

intermediate  ring  should  be 

65000 

'    —  130  sq  m 

SCO 

ection,  requiring  a  7-in  width  and  a  18  H-in  height,  to  resist  the  load,  as  a 

As  the  ring  must  also  act  as  a  beam,  carrying  its  own  weight,  the 

f  half  the  slab,  and  the  live  load  (the  forms  taking  the  place  of  the  live 

ng  conatruction),  steel  must  be  added  to  resbt  the  bending  moicent 

[30  \    /airSssin  15°  47'\*       /6710+3  I55\   AirSs  sini5%7^ 

12 
70  f  t-lb  ■>•  43  840  in4b 

steel,  in  tension  and  compression,  must  be  added  to  keep  the  addi- 
*ss  in  the  concrete,  due  to  this  moment,  down  to  150  lb  per  sq  in,  since 
» m,  650  lb  per  sq  in  is  the  maximum  allowable  compressive  stress 
icrete  of  the  beam.    From  Formula  (i)  page  925,  or  Formula  (5)  page 

„         42  840 

■■  21.2 


7X(i7)^ 

mulas  (2),  (3)  and  (4),  (pages  925-6),  when  K  =  21.2  and  St  - 16000 
in;   Sfi  *  245  lb  per  sq  in,  ^  »  0.0014,  and  x  *■  0.185.     Since  Sc  must 
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not  exceed  150  lb  per  sq  in,  it  is  neceaaary  to  idd  ooMrasMMN-dteEi.  to 
stress  of 


(^^^-7^)  (7)(o.i8s  X  17)  -  I  040  lb 


'The  allowable  stress  in  the  coupkession-steel  (page  1 228),  less  the  stress  abaij 
flowed  for  the  concrete  which  h  replaced  by  the  steel,  if  placed  ij-i  in  boi 
the  outside,  is 

(o  18  ^X  I  )  y^'^^^  ^  17)—  1-5)  (is—  i)  -  4  770  lb  per  sq  in 

The  amount  of  cx)mpr£SSION-ste£L  is,  t&erefore, 

X  040 

'  m  Oraa  aq  in,  cress-sectioft 

4770 

The  tenale-steel  necessary  is 

0.0014  X  7  X  17  —  0.16  sq  in 

^ut  because  of  the  negattfe  uowsst  at  the  ribs,  the  same  oross-sectional  area  j 
used  as  for  compression,  that  is,  0.22  sq  in,  furnished  by  tno  ^in  round  rod 
The  UKiT-SOAA  is 

/130  \  /^I?5J^_i5^47'\    ,    /6  7io-f3  1S5\ 

\tAA       'W   \  20  /         \  2  /        ,«--   . 

7— IIii\ ^18.6  lb  per  sqm 

7Xi7Xli 7^)^* 

"No-  STIHRUPS  ave  neeesaary  to  resist  sliear,  but  stirrups  made  from  t^-in  roudl 
rods  should  be  spaced  sboot  t8  hi  on  centers,  to  tSt  the  panel-slab^  secorely  If 
the  ting. 

The  second  inteucediate  ring,  if  made  the  same  abse  as  the  iSrst,  '9ff&  fam( 
a  stress  of 

The  M0MEKT  win  be 

(l^  X  1    V  /^*^""^^''3i^Y      /ri37S-KS335\  hrtis  sht  2^*^31^ 

13 

*  10  300  ft-Ib  «i  133  teo  in-l 

From  Formulas  (i),  (2),  (3), and  (4),  (pages  925-6), /T -61.2, 5c—455  lb  per  sqiD( 
p  «  0.0043,  and  X  »  0.3.  Since  Sc  cannot  exceed  650-^  4x6>v  234.1b  per  sq  'm 
the  COMPRESSION-STEEL  must  resist 

(^^^^)' (r)(a^  X 17)  -  3  930  lb 

The  section-area  of  the  compression-steel  is,  theref6re, 

3930  - 

-7—- r— 7 r 0.62  aq  m 

(o-5fr.)(<— >-^)<--'^ 

lamiahed  by  two  H*in  romid  rods  at  top  and  bottom.    HfciMit  sSEAS'b 


Vanhs 


1281 


'"-)M^"M 


iiars+sasff' 


) 


7XI7X 


(-7^)  ^ 


■  46.9  in  per  aq  in 


efoie  necessary  to  reabt  46.9  <^  40  «  6.9  lb  per  sq  ki  of  shear,  with 

that  is,  with  two  ^-in  round-rod  stirrups,  spaced  12  in  apart  at  the 

the  otlwn  18  in  apart  through  the  remaining  distances. 

DtD  miEsiCBOiATE  VNG  is  7  by  x8H  in  in  section,  with  two  Ji-in 

B  at  top  and  botton^  and  with  two  M-in  roimd-rod  stiskiips,  spaced 

at  the  ends,  two  more,  spaced  12  in,  and  the  rest  spaced  18  to. 

KENT  due  to  thQ  EOCENiuaTY  o{  the  coLX7iiN<LiK£  XBST7ST,  that  is, 

kdinal  horisontal  compressive  stress,  b|  the  rings  is  resisted  by  the  slabs. 

ict  analysis  may  be  made  by  considering  only  the  nokiial  components 

HDS  <m  the  rincs  in  detemuning  these  moments. 

niNG-uNG  must  have  enough  tensile-steel  to  resist  the  outward  pus^ 

of  the  ribs,  that  is  *-; 14.9  sq  in  of  steel  cross- section.    In 

16  000 

)  this,  if  the  ring  acts  as  a  beav,  there  must  be  sufficient  steel  to  resist 

kt  due  to  the  oombined  weights  of  the  dome  and  the  ring  itself. 

jELrSLASS  being  domical  and  above  the  critical  angle,  are  in  com- 

nd  should  be  dedgned  as  illustrated  in  die  discussion  of  Smooth- 


2.     Vaults  * 

iition.  Vaults  may  be  conveniently  considered  under  the  following 
[i)  Barrel  vaults,  (2)  Groined  vaults,  and  (3)  Ribbed  vaults  (Masoniy, 
uned). 

ConsiderationB.  A  knowledge  of  the  elastic  theory  of  arches 
bility  of  buttresses  is  necessary  in  a  rigid  investigation  of  vaults,  since 
involves  the  application  of  the  principles  of  that  theory.  (See,  also, 
U  and  VIII.)  In  any  vault,  lines  of  action  of  the  stresses  or  thrusts 
ihrough  the  material  between  certain  limiting  lines;  otherwise  the 
iail.  These  thrusts  are  brought  to  the  grade-line,  or  to  foundations, 
ften  buttressed  in  the  case  of  barrel  vaults,  and  by  piers  and  but- 
be  case  of  groined  and  ribbed  vaults.  By  building  vaults  of  light 
jch  as  hollow  bricks  or  hollow  tiles,  the  magnitude  of  the  thrusts  are 
nd  Bgbter  walls,  piers,  or  buttresses  can  be  used. 


Fig.  1.  Three  Methods  of  BuOding  Barrel  Vaults 

uiltB.     Fig.  1,  (a),  (b),  and  (c),  ittustrates  three  methods  of  bwjdiiw 
fi.TS.    In  (c)  the  longitudW  ribs  are  merely  for  appearance,  as 

Atnent  of  this  aubject  may  be  found  in  the  Handhwb  der  Acchitektn, 

*m  BniAngirtriirtingiii  Ldlie. 
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they  do  not  fltrengthentbe  vault.   Tbediagntma  (a)  uid(A),Fig.2,iIlmti^ 

metliorb  of  djmigaging  tlie  masonry  of  bairel  vaulU  from  the  watb.     Ds| 

(b)  j£  the  better  ma 


Fig,  S.   Uethods  of  Joiniiig  B^rRl  Vaulti  to  Wtib 


ance  of  the  vsuk  <■ 
made.  Diagnms  (^ 
(•f)  iUustrate  the  a 
stone  3kewbu±s  h* 
mental  vaults. 

Str«ngth  tf  Bi 
Vao'ta.  BajT^vaultii 
be  coiuidcfed  as  a  n 
or  ABCflES  set  next  toi 
other;  and  hemz  ifi 
tion  one  unit  kiag  it  h 
safe  when  investigatfil 
an  arch,  the  vault  itsd 
considered  safe.  By  hi 
ing  the  wall  and  t^i 


pcdDt  on  the  aic  60°  from  the  vertical  or  crown,  that  is.  to  a  point  00  tht 
ttado«  one  third  <rf  the  distance  from  the  horiaintal  ^rmg-line,  the  actual  ■ 
"  ■naterially  decreased.    With  the  q>ring-liae  at  60°,  the  line  of  tJ 


will 

within  a  Strip  whose  radul 
lliidcDess  or  width  is  about 
one  forty-second  of  the 
radius.  If  the  hne  of 
tlirust  is  to  remain  withm 
the  middle   third   of  tk 

should  be  (r/^  )  X  3- 
r/14.  If  it  is  to  remain 
within  the  middle  half 
(  should  be  ir'41)  Ai~ 
r/ii.  In  tlie  following 
example,  ihe  theory  of 
the  middle  half  will  be  fol 
lowed,  in  which  (-r/ii 
If  it  were  assumed  that 
l-'/i4.  the  line  of  thrust 


middle  third,  the  qun  of 


Fig.  a.    Analfsii  of  Barrel  Vsirit 


would  have  to  be  chanjte 

I(  built,  then,  as  described  (Fig,  3),  the  minimum   thictness  U  H^  n 
vault.shell  is  about  one  twenty-first  of  the  vault-radius,  tt»c  is. 
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■axT  Pkol  the  thrust  is  0.79  of  the  vertical  romponeat,  and  thu  the 

£  not  at  right-ilDgkes  witli  ihc  spnug-lme  AB;  that  is, 

f(.-o.79i' 
iple.  It  is  required  to  construct  a  bakhel  vwvi  over  a  corridor  11  ft 
rbe  vault-radius  19  lo!-:  ft,  and  the  minimum  thickness  of  the  shell  is 
-o.slt-6in.  If  built  of  bricks  it  is  cheaper  Co  build  a  ribbed  vault,  as 
-dimensions  of  bricks  are  approximately  4  in.  S  in,  1 1  in,  etc.  Befenins 
,  it  is  found  that  a  4-iD  vault  with  ribs  4  by  6  in  every  J  ft  3  in,  is  eqniva- 


I.    Band  Vaults,  Ritilxd  and  Non-ribbed.     Equivalent  ThickncHa 

6-^iii  vault,  and  hence  would  be  used.    The   brick    maaunry  weighs 
■cuft. 

T  i'r  of  the  thrust  is 

+  U/'j'.X_S/iiX  i/3T(io.S-l-e,33)XiJ5] 

-S57lb  per  lin  ft 
of  the  thrust  is  0.79  X  SS7  -  440  lb  per  lin  it. 
)rtin8  wsU  must  be  thick  enough,  buttressed  enough,  or  loaded  sul- 
rom  BtHve,  to  take  cate  of  this  horizontal  component  of  the  thrust. 
5  a  graphical  analysis  of  the  stresses  in  this  vault.  Il  will  be  noticed 
hat  the  line  ol  pressure  remains  in  (be  kiddle  half  of  the  vault-thiik- 
leffler,  after  numerous  tests  of  vaults,  staled  *  thdt  it  one  fourth  the 
•  Ttcoric  der  Gcvfilbe. 
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Fig.  S.    Giacbical  Deteimiiiitkni  et  Stnua  tn  t  Buret  Vault 


Fi|.  6.    Line  of  Prcsnire  thtoufh  Viidt-ttikkiKsi 


middle  third.*     It  illustrates  the  Isss  conservative  tbeoiy  that  the  r 

line  might  in  >odk  cases  pass  near  the  outmde  of  the  middle  half.  T^  anihi 
vault  in  Diagram  (fr)  of  Fig.  6  would  have  a  greater  tendency  to  fail  mcaxtSi 
to  the  middle-third  theoo'.  becau»  the  line  of  pcenure  or  reai^uKie-ft 
passes  outside  of  the  middle  duid.  Diagram  (a)  of  Fig,  6  ahows  tbe  same  h 
or  vault  ntth  the  shell  cut  so  that  the  line  of  pressure  passes  dawn  tlie  exact  <ari| 
of  the  uncut  portion.     This  results  in  a  sort  of  theoretical  or  idea]  anll-iMI 

*  See  [oot-nute  relntins  to  Oncnte  Ribbed  Dodk),  lUge  iiij- 
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ae  the  thickness  of  part  c  must  be  sufficient  to  develop  a  sale  compre»> 
istance  in  the  material,  and  it  is  advisable  to  add  sufficient  steel  to  take 
iQy  tension  in  the  parts  farthest  from  the  resistance-line.  Vaulted  con- 
Q  is  often  relatively  protected  and  free  from  the  live  loads  and  moving 
0  which  arches  are  generally  subjected;  and  for  such  construction 
-'s  conclusions  are  considered  valid. 

led  Vaults.  A  groined  vault  is  formed  by  the  intersection  of  two 
VAULis.    (See  (a),  Fig.  7.)    By  using  groined  vaults  it  is  possible  to 


ective.  Showing  Penetrations  and 
Intexsections 


(6) 

Intersecting  Vaults  of  Different 
Widths 


Fig.  7.    Groined  Vault 


tops  of  windows  and  doors  above  the  spring-lines  of  the  vaults,  and  to 
te  the  pressures  or  thrusts  on  piers  or  columns. 

The  intersections  of  two  vaults,  called  groins,  are  straight  Knes  in 

projection,  only  when  they  are  of  the  same  curvature  and  height. 

Its  are  of  different  widths,  it  is  best  to  make  one  semicircular,  draw 

ital  projections  of  the  grains  as  straight  lines,  and  then  determine  the 

the  other  vault.  •  This  is  iUustrated  in  Fig.  7  (6).     Vault  A  is  semi- 

d  has  a  span  A.    Vault  B  has  a  span  B.     CC  are  the  CRoms,  and  D  is 

r  contour  of  the  narrow  vault.    Any  points,  a,  b,  c,  etc.,  are  chosen  at 

id  Hnes  o-oi,  b-bi,  c-ci,  etc,  and  a-ot,  b-bt,  c-ci,  etc.,  drawn  parallel  to 

the  respective  vaults.    The  line  ar-^  is  laid  o£[  equal  to  ar-ai;  br-bt, 

■bt,  etc     The  snux>th  curve  connecting  <u,  bi,  d,  etc.,  is  the  contour  E 

t  B.     In  like  manner  the  contour  F  of  the  groins  is  found  by  similarly 

•r-a^  hg-^t,  etc,  equal  to  ai-a«,  hi-btt  etc 

I.T-SBKLLS,  at  the  intersections  or  groins,  should  never  ha\'e  what 
Jled  ifiTER- JOINTS.  The  vaults  should  be  monohthic  or  there  should 
d  ribs  to  cany  the  vault-shells  and  transmit  the  thrusts  to  the  piers. 
lectifis  vaults  are  of  stone,  and  of  the  same  diameter,  the  groins  may 
shown  in  Fig.  8  (a)  for  small  vaults,  or  as  in  Fig.  8  (b)  for  larger 
FliT-  S  (tf)  the  GROIN-STONES  are  L-shaped  and  are  mt  so  as  to  carry 
Niraes  of  one  vanh  around  to  the  other  vault.  The  stone  shown  in 
}  ot  'Fig.  8  is  shown  in  plan  at  ft,  with  two  views  at  c  and  d.  A  better 
tiown  in  Fig.  8  (6).    Here  the  groin-stones  are  cut  so  that  the  joints 
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aft  normal  to  the  gimns,  thus  forming  concealed  ribs.  This  beuing-sucfa 
h  obtained  aa  fallows.  Point  a.  tbe  intersection  of  an  extended  vault-joint  ii 
tbe  groin-edge,  is  projected  down  to  a'  and  ft*,  tbe  interactions  of  tbe  [wjccti 
line  and  tbe  acsumed  side  and  center  lines  ol  tbe  rib.    Point  t'  is  projected  up 


V,  a  point  on  ibe  center  tine  or  edge  of  the  rib.  From  fr"  a  horiiontal  BiK  ^ 
■Fcta  with  a  line  projecifij  up  from  a"  to  live  c"  a  point  on  tbe  joint,  »*-^ 
drawn  normal  1o  the  gruin.  The  intertectijn  d"  of  this  joint  with  tlte  gg^ 
edge   is  projected  duwn  to  d'  on   the   center  line  of  tbe  rib.     By  c 


r,  ind  X  and  e*  (tlie  point  opposite  ii'  on  the  other  aide  of  the  rib) 
'Sm,  the  lawn  ed|^  of  the  be«iing-8uriace  is  determined. 
i  uid  c'  pcnjected  up  delermiDc  i  and  t,  the  ume  points  in  elevi 


^.  e.      GnuB-dnaib  lor  Stone  Vulu  cii  DiSritcnt  DiimFtcn 

I  on  these  curved  lines  can  be  lound  by  cbooaing  punli  betn 
^■ojectios  Ihem  in  the  same  way  u  in  the  method  used  to  & 
]f  y.     The  procedure  is  as  ioikivri.    Ttie  pwit  /  is  project«d 
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to  the  center  line  of  tjie  rib^locadag  if'.  Then  ^  is  projected  up  to  ^',  the  ■ 
section  with  the  line  representing  the  joining  of  the  upper  surfaces  of  the  vw 
A  banxontal  Jiae  is  projected  over  liom  ^  to/^,  die  point  <rf  interaecliun  ind 
normal  joint.  The  point  V  is  projected  down  to/',  on  the  projecting  line  fro 
By  connecting/'  and  W  {W  is  opposite/'  and  equidistant  from  the  center  fii 
the  lib)  wH^a  straight  line,  the  upper  edge  of  the  bearing-surface  is  detemii 
The  point  h  is  found  by  projecting  up  Ivom  .V.  By  connecting  a'  and  /',  ai 
and  h'\  also  a  and  /,  and  t  and  /t,  the  side  edges  of  the  bearing-joint  aie  loci 
The  lower  bearing-surface  of  a  stone,  or  the  upper  bearing-soriace  of  the  i 
lower  stone,  is  found  in  a  similar  manner. 

If  the  vaultfi  are  not  of  the  same  diameter,  either  of  two  methods  may  be  a 
The  number  of  stone  courses  in.  both  vaults  may  be  made  the  same,  thus  mal 
the  courses  in  the  wide  vault  wider  than  those  la  the  narrow  vault,  and 
method  of  finding  the  shape  of  thegroin-stones  is  simihir  to  that  ahoim  in  Fig.  S 
or  tlhe  stones  may  be  the  same  width,  thus  making  a  greater  numbo-  of  coursi 
the  wide  vault  than  in  the  narrow  vault.  In  the  latter  case  the  grom-ston^  an 
termined  as  in  Fig.  9.  To  take  care  of  the  different  number  of  courses  in  the 
vaiilts,  one  course  in  the  narrow  vault  is  sometimes  made  to  receive  two  coa 
in  tJbe  wide  vault,  as  sliown  by  stone  A  ia  Fig.  9.  Because  the  3oint  a  b  hi| 
than  the  joint  h,  there  results  a  peak  toward  the  side  of  the  groin-fine.  TTi 
cut  off  at  right-angles  to  the  groin,  thus  making  the  bearing-surface  c.  1 
surface  b  determined  as  follows.  The  intersection  of  the  joint-planes  i  ai 
is  at /.  The  vertical  progection /u  of/,  is  dsawn  through  Ai,  found  by  pnjed 
up  h  and  f ,  and  a  horizontal  Hne  from  g\»  The  intersection  of  j\  and  a  ' 
through  ;i,  normal  to  the  groin-curve  gi^^es  «i,  which,  projected  to  f, 

intersection  of  the  sides  of  the 

The  point/  fe  found  by  projecting  iqp  h^ 
initersection  of  a  and  the  diagonal,  to  ^;  t 
projecting  J^i  to  ^1,  the  intersection  with 
normal  line;  and  then  projecting /i  to^. 
connecting  g  and  /  with  a  curved  line  (ol 
points  of  which  •  are  determined  by  drai 
lines  parallel  to  a  and  proceeding  by  themed 
used  in  finding/);  and  ;  and  i,  and/  and  u  1 
straifl^t  lines;  the  sides  of  c  are  determined. 
If  the  vaults  are  built  of  brick,  it  is  bette 
run  the  courses  at  right-angles  to  the  giq 
thus  giving  a  chance  for  the  bricks  to  ov^ 
as  shown  in  Fig.  1^.  If  "the 
to  run  parallel  to  the  center  line  of  the 
is  necessary  to  use  stone  ribs  to  carry  the  sN 

Detfrmination  of  the  Stresses  ia  Gnii 
VauUs.  The  problem  of  a  groined  vault  ^ 
ning  a  rectangular  area  which  is  not  squi 
is  here  considered,  as  a  vault  spanriim 
SQUARE  AREA  off OTS  fewer  difficulties  and  cai 
worked  out  on  the  same  principles.  The  problem  is  to  span  an  area,  wt 
half-length  of  the  short  diameter  is  a,  and  whose  half-length  of  the  kms  diaoM 
is&,  Fig.  11  (a).  Inocder  to  obtain  a  more  stable  cOBStzwtion,  the  point  of  iaJ 
section  of  the  crowns  oi  the  vault  is  raised  a  distance  cd  «■  c'd,  thus  givity 
crown  of  the  long-span  vault  a  slope  ce  and  the  crowti  of  the  ahoit-span  vi 
a  slope  <//,  The  vault  is  dlvldad  into  strips  ><,  J5,  C,  etc.,  and  A',  W^  C,  « 
from  Uif  rib  J^,  as  shown  ia  the  prpi^^Pted  area  in  Fig.  11  (a),    llie  rib  K 


Fig.  10. 


(d) 
Groins  of  Brick  Vaults 


Rl.ll.    DetenmnstionirfStresso  in  Ctoined  Vaults 
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^ven  a  width  equal  to  the  assumed  width  of  the  supporting  diagonal  coooeai 
arch,  and  the  widths  i4,  B,  C,  etc.,  and  A\  B',  C\  etc.,  are  obtained  by  dividi 
the  two  vaults  into  the  same  number  of  equal  parts.  These  strips  are  consida 
as  adjacent  arches  resting  on  the  rib  R.  For  simplification  the  line  of  presR 
or  resistance-line  of  each  strip  is  placed  in  the  center  of  that  strip  as  ^  ia 
and  t^'  iu  A*.    The  error  in  this  is  on  the  side  of  safety. 

Even  though  the  projected  areas  of  the  two  intersecting  vaults  are  the  sai 
the  actual  surface-area  of  the  smaller-span  vault  is  slightly  larger  than  that 
the  longer-span  vault.  Therefore,  if  the  vaults  are  of  the  same  thickness,  t 
shorter-span  vault  is  slightly  heavier  than  the  larger-span  vault.  In  oider 
have  the  resultants  of  the  horizontal  components  of  the  thrusts  from  strip 
and  strip  A\  strip  B  and  strip  B',  etc.,  parallel  to  the  directioa  ol  the  lib 
the  procedure  is  as  follows. 

The  thrusts  of  the  strips  on  the  heavier  side,  that  is  of  strips  il,  B,  C,  A 
and  F,  are  determined  as  shown  in  Fig.  11  {b)  and  (c).  The  curvature  ol  1 
strips  being  the  same,  the  work  can  be  considerably  lessened  by  dividing  I 
arch  into  sections  of  unequal  lengths  for  weight-determinations.  The  divid 
line  for  the  sections  is  found,  by  projecting  up  the  point  of  interaectioo.  of  the  1 
of  pressiu%  of  each  strip  and  the  side  of  the  rib  R,  as  ;  to  i',  A  to  Jb',  etc  1 
weights  101,  m,  m,  etc.,  of  each  section  are  then  determined  and  the  oonipm 
load-line  drawn  as  in  Fig.  11  (c).  The  positions  of  WAt  Wbw  Wa»  etc. 
Diagram  (b)  are  determined  by  the  usual  stkess-polygon.  B  is  then  draws 
as  to  be  at  the  upper  limit,  and  the  different  thrusts  so  as  to  act  near  the  kn 
limit  of  the  middle  half  of  the  vault-thickness.*  Lines  drawn  in  Fig.  11 
parallel  to  these  thrusts,  detetmine  their  values,  and  the  values  of  the  Im 
zontal  components  HAt  Hbi  Hct  etc.  The  weights  w'l,  v/t,  v/t,  etc,  in  I^apa 
(i),  are  found  in  the  same  way,  the  load-line  in  Diagram  (/)  drawn,  and  i 
positions  of  Wa\  Wa't  Wc/,  etc.,  foimd  as  before.  H'  in  Fig.  1 1  (d)  is  drai 
at  the  upper  limit  of  the  middle  half  in  this  demonstration.*  Ba',  Bwf^  B 
etc.,  however,  must  have  such  values  that  the  resultants  of  Ba,  and  Ha\  1 
and  Hb',  etc.,  are  i>arallel  to  R.  The  required  values  of  Ba',  Bs',  Bcf^  d 
are  foimd  as  in  Fig.  11  (e),  by  lajring  off  Ua%  Bb%  Bc%  etc..  and  draws 
Ti,  Tj,  Tj,  etc.,  parallel  to  R.  The  resulting  values  of  Ba\  B^^  Hc'^  e 
are  then  laid  off  in  Fig.  11  (/)  and  the  thrusts  drawn.  When  drawing  ^ 
thrusts  in  Fig.  11  (^  through  the  intersection,  of  B'  and  Wa'm  B'  and  W 
etc.,  parallel  to  their  directions  in  Fig.  11  (/),  it  is  found  that  tb^r  act  v 
slightly  above  the  lower  edge  of  the  middle  half. 

The  rib  i^  b  then  drawn  as  in  Fig.  1 1  (A)  and  the  points  of  apptication  <i  1 
loads  located.  The  load-polygon  is  drawn  as  in  Fig. !!(;).  The  ft£sui.XAa 
R\y  Rt,  etc.,  are  drawn  in  both  Diagrams  (A)  and  (jg)  of  Fig.l  I ,  the  positkoi  oi 
in  Diagram  (h)  found  by  the  usual  stkzsg-polygon,  and  the  thrusts  Z  an^ 
determined.  The  point  through  which  Z,  Diagram  (A),  passes  at  the  sprix^ 
the  rib,  should  be  so  chosen  that  the  line  of  peessuke  remains  at  least  wilj 
the  middle  half  of  the  rib;  or  the  more  usual  and  conservative  limits  of  1 
middle  third  may  be  used.  In  the  case  of  brick  vaults,  the  strips  .4,  A, 
etc.,  are  taken  at  right-angles  to  the  groin,  resulting  in  vertical  loads,  only, 
the  assumed  rib. 

Ribbed  Vaults.  In  ribbed  vaults  the  ribs  are  designed  to  be  built  fi 
to  be  free-standing,  and  of  suffident  strength  to  support  the  shell  when  il 
placed  over  them.  To  simplify  the  constructicHi,  all  the  rib-arcs  are  ordinM 
made  with  the  same  radius,  thus  making  all  the  ribs  disengage  each  other  at  1 

*  The  theory  of  the  middle  third  is  the  one  usually  foOowed,  as  it  is  the  most 
tive  and  results  in  a  larger  factor  of  safety.    See,  also,  foot-note  on  page  1925. 
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ight.  This  makes  the  narrower  rib-arcbes  pointed,  and  the  diagonal 
s  semicircular,  but  they  are  all  constructed  of  similar  stones  with  cross- 
o(  the  same  shape.  To  determine  the  points  A  and  B  (Fig.  12),  at  which 
S)ecorae  independent  of  each  other  and  of  the  wall,  the  proceeding  is  as 
In  plan  the  clustered  ribs  are  shown  just  above  the  column-capitals, 
diagonal  ribs  extending  into  the  wall  a  distance  ab.  To  find  the  height 
w  an  arc  through  a  with  the  same  curvature  as  that  of  the  diagonal  rib, 
'  at  right-angles  to  the  ribs,  in  plan,  a  line  from  6,  until  it  cuts  this  arc  at 
eight  cb  is  the  height  at  A .  The  height  at  B,  equal  to  fe,  is  found  in  the 
f.    The  WEBS,  or  parts  of  the  vault-shell  supported  by  t'le  ribs,  are 


Fig.  12.    Vault'rib  Construction 
Jlow  arches  in  cross-section,  and  are  spherical  triangles,  that  is^ 

>1£ICAL. 

to  use  to  the  fullest  advantage  the  finished  lower  portions  of  the  vault 
;  for  the  upper  courses  as  laid,  the  courses  of  the  vault-shell,  or  vteb 
planes  normal  to  the  wail  and  the  transverse  ribs.  This  is  shown  in 
projection  in  Fig.  13  I.  The  web  being  arched  in  both  directions,  the 
in  two  directions,  as  in  domes.  From  the  study  of  the  theory  of 
found  that  the  thickness  of  the  shell  in  a  dome  has  no  effect  on 
TY.  The  web  in  ribbed  vaults  being  domical,  can  be  made  relatively 
M-  stone  or  brick  vaults  it  should  not  be  less  than  about  4  in  thick 
?  to  35  ^t. 

are  designed  as  arches,  loaded  with  the  thrusts  of  the  web  supported, 
sts  are  determined  as  illustrated  in  Fig.  13  II.  The  vaulting 
the  half-wall,  or  transverse  rib  A,  and  the  half-diagonal  rib  B,  is 
>  any  number  of  equal  lunes.  or  figures  bounded  by  the  two  inter- 
,  and  radiating  from  the  axis  of  the  dome  of  which  that  part  of  the 
a  spherical  triangle.  This  axis  is  found  by  projecting,  at  right- 
the  ribs  A  and  B,  lines  starting  at  the  center  ef  curvature  of  the  ribs 
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and  inlersecling  at  Ibe  pmiit  c.  which  ii  the  projectioo  of  the  a^s  ol  tbe  da 
The  RADIUS  or  tBE  DOME  Is  tbcoiti  inFig.  l;j  II, equal  tuU^duiuictlnni 


on  the  ribs  k  I 

Bsiinple.  Let  the  radius R|,  Fig  13  II,  be  :;  fee:,  and  let  the  shtJI  be  i 
thick,  cooalracted  of  stone,  and  weighing  iij  lb  per  cu  ft.  The  angle  9  (by  at 
urement)  ia  54*  jo',  and  [be  angle  a  is  iS°  30'.  These  are  fousd  by  pcojed 
up  from  the  point  of  Lnlersettjon  /  of  the  ccnler  line  it  the  hine  L  and  Ihe  cei 
o(  the  rib  B,  and  the  intersection  j  of  the  center  line  of  the  lune  t  and  the  croi 
line  of  the  vault,  to/i  and  ^i,  respectively,  on  the  vertical  projection  Li  ol 

L'ang  the  same  notation,  equations,  and  ciin'es  as  were  derived  fot  ^Mfi" 


IS  (page  tj 


it  isfiHindfromPklcII,  with-  -o  and  o-  iS*. 


!S(4/l!)(>jJ'(0J5)-   - 


From  Plate  I  it  is  fouid  that  the  ciunc* 
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^525f  IS  55"  30',  and  the  vaulting  should  be  back-filled  as  high  as  this, 

a. 

cr 
Plate  III,  with  —  —  o.  and  rt  —  —  0.0525,  it  is  found  that  at  ^  —  54"  30' 

(Z 

C/-(i25X4/i2  X25)(  —0.079  +  0-63)  -  573  lb 

irement,  the  width  of  lune  L  at  /  is  2  ft;  hence  the  total  tangential 
:  C  (Fig.  13),  is  2  X  573  ■■  X  146  lb.  The  horizontal  component  D 
5  655  lb,  and  the  component  P  (along  the  rib  B)  of  Z)  is  5  750  lb.    The 

component  £  of  C  is  9  339  lb. 

iUE  op  T  is  found  from  Plate  IV  to  be  125X  4/12  X  (25)*  X  (—  0.004 

-  7  S70  lb,  and  the  component  H  (along  the  rib  ^)  of  T  is  3  630  lb. 

RUSTS  acting  on  the  rib  B  of  the  other  lunes  above  L  are  found  in  the 

V  and  the  portion  of  rib  above  the  back  fill  investigated  as  an  arch. 

i  that  portion  of  the  rib  below  the  web  is  not  indicated. 

dts  with  semicircular  diagonals  of  about  33-ft  span,  the  ribs  should  be 

10  in  wide  and  from  10  to  14  in  in  total  height,  and  the  minimimi 
s  of  the  projecting  portions  of  the  ribs  below  the  webs,  for  smaUer 
>uld  be  3  H  in  width  and  6  in  in  height.* 

lults.  TiXE  VA17LTS,  as  buiIt  by  the  R.  Guastavino  Company,  are 
d  of  tiles,  from  6  by  12  to  24  in  in  {dan,  and  i  in  in  thickness,  and 
vera!  layers  so  as  to  make  a  solid,  thin  shell  that  is  both  light  and 
because  of  the  overlapping  of  the  tiles,  the  shell  has  considerable 
esistance,  and  the  vaults  are  practically  monolithic.  It  is  due  to 
>  the  lightness  of  the  a>nstniction  that  the  thrusts  and  the  weight  of 
tnicture  are  materially  reduced.  Ordinarily  a  finished  acoustic  tile, 
rough  constructional  tile,  is  used  for  the  exposed  surfaces. 

Vanlti.  Vaulting  in  buildings  of  moderate  cost  is  frequently 
1  by  suspending  from  the  roof-trusses  steel  or  wooden  frames 
th  and  plaster.  The  roof-trusses  must  in  this  case  be  designed  to 
llrect  loads  of  the  framed  vaulting,  which  must  be  of  the  required 
d  shape  to  carry  and  fit  the  plastered  siirf  aces. 

*  Handbuch  der  Axchitektur. 
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PhyBical  Unite  «nd  the  Meftsurement  of  Heat 

n  of  Unite.  In  this  country  the  system  of  units  in  general  use  by 
i  is  luiown  as  the  poot^pound-sccond  system,  and  the  following  defini- 
I  examples  will  show  the  significance  of  each. 

tion  of  Unite  Employed.    The  unit  of  hme  is  the  second,  which  is 

part  of  the  mean  solar  day^.  t « time.    Time  is  also  expressed  in 

(6400 

ind  hours. 

mgth.    The  unit  of  length  is  the  foot  *■  0.3048  meter. 

neight.    The  unit  of  weight  ia  the  pound  *  0.4532  kilogram. 

rea.    The  unit  of  area  is  the  square  foot.    The  unit  often  used  is  the 

square  inch, 
olume.    The  unit  of  volume  is  the  cubic  foot.    Voliune  *  area  x 

length  '^A  XL, 
.dons  involving  the  quantity  of  air  required  Q  is  often  used  for  cubic 

».  Tlie  volume  displaced  per  stroke  by  the  phmger  of  a  pump»  if  the 
is  6  in  and  the  stroke  is  xa  in,  is  >^  X  tr  X  6'  X  la  «  ^9.29  cu  in, 
lit. 

lunger  makes  30  working  strokes  (not  revolutions)  per  minute,  then 
avDisPLACEMENT  per  minute  is  0.196  X  30  ■■»  5.88  cu  ft.  One  United 
ion  «  231  cu  in  i-  0.1336  cu  ft.  This  pump  will  therefore  theoret* 
krer  5.88/0.1336,  or  44  gal  per  minute.  The  actual  delivery  of  the 
be  10  to  15%  less,  owing  to  the  slip,  which  is  the  leakage  back  through 
valves,  around  the  plunger,  and  that  due  to  imperfect  filling  of  the 
kder  on  the  suction-stroke. 

D  «*  density.  The  weight  of  a  unit  volume  (i  cu  ft)  of  a  sub* 
Jled  its  DENSITY.  The  density  of  water  at  70**  F.  is  62.3  lb  per  cubic 
density  of  air  at  70°  is  .075  lb  per  cubic  foot.  The  pump  in  the  pre- 
nple  would,  therefore,  handle  5.88  X  62.3  or  366  lb  of  water  per 

Lter-end  of  the  pump  is  operated  by  a  steam-cylinder  having  a  dis- 
3f  o<}49  cu  ft  per  stroke,  and  takes  steam  at  the  same  pressure  for 
»ke  as  in  the  direct-acting  type  and  if  we  assume  that  the  steam- 
100- lb  gauge,  we  find  from  the  steam- table  (Table  I),  that  the 
team  at  this  pressure  is  0.2565  lb.  The  steam-consumptton  of  the 
elore,  would  be  0.2565  X  0.349  X  30  X  60  »  16 1.6  lb  per  hour, 
''.  A  fan  handling  10  000  cu  ft  per  minute  of  air  at  70*  F,  delivers 
75   M  100  lb  per  minute. 

V  ■■  velocity.    The  rate  op  motion  of  a  body  is  measured  by  the 
aed  over  in  a  unit  time.    V'^elocity  is  expressed  in  feet  per  second. 

the  data  of  this  section  has  been  conden.ed   from  Vol.  I  of  Mechanical 
Bitflrlings,  by  Harding  and  Willard,  published  by  John  Wiley  &  Sons,  Inc. 
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Bnwcj  or  Work.  U  -  eneigy  or  wdbk.  The  osii  ot  vomx  is  the  I 
pound,  and  is  the  quantity  of  eaergy  expended  or  the  work  perfaimed  by  ■  I 
of  I  lb  moving  througb  a  diHaiice  of  i  ft  in  t.be  line  uf  action  of  the  force- 
Power  is  the  RATE  OF  DOING  WOKK.  Note  that  powek  involves  the  la 
niiE  and  ii  equal  to  tlic  ainounl  of  worli  done  divided  by  tlie  time  require 
do  this  worii. 

HoTM-POWSr.      h.p.   -  BOISE-POWEH.      TIlB  tTMrT  Ot    TOWEI     ii     the    fat 

power  and  is  the  perfocmuice  of  work  at  the  rate  of  550  ft -lb  per  sccood 

Bom^Je.  Required  the  theoretical  work  and  horse-power  developed  by 
water-end  of  the  pump  in  the  preceding  example,  assuming  th&t  tbe  head  or 
height  pumped  against  is  xu  ft,  and  that  no  frktioDal  resiituice  is  to  be  « 

The  work  Um  performed  per  tmnute  ii  tbe  lifting  of  the  weight  of  vaifr, 

366  lb  per  min,  through  a  height  of  joo  ft  and  is  Um  m  366  X  loo  ■•  75  ioo  ( 
per  min.     The  h.^  -  Um/33  000-^3  100/33  000  -  3.11. 

The  actual  power  required  will  be  somewhat  greater,  as  the  force  reqia 
to  overcome  frictional  resistance,  etc.,  has  been  neglected. 


Equivilant  Values  of  ElKtricil  and  Hechanical  Haiti 


Meaanremeat  of  Preaaura.     I(  is  customary'  to  meas 

of  GAUGES  which,  in  reality,  only  indicate  the  diffeienc 

being  measured  and  the  pressure  of  the  atmosphere,  : 

at  the  same  time  and  place.     These  gauges  may  indicate  either  a  higher  or  M 

pressure  than  that  of  the  atmosphere;    in  the  former  case  they  are  koow^ 

PSESSUSE-GAITGES  BUd  in  the  latter  as  VACrT.T*-OAUGES  or  i»Arr-GACSES.        ' 

Pressure- Gauges  and  Vacuum-GauEes.     The  most  cninmon  tJTie  of  p) 

sure-gauge  (Fig.  1)  is  provided  with  a  ftciihlc  hollow  liriss  tube  of  ovjj  at 

section  known  as  boikdon  tcbk.     When  ^ 

jecled  to  pressure,  this  lube  lends  to  str^i^ 

out;   and  this  muses  a  sector  of  ■  gear  to  ni 

with  a  small  pinion,  which  is  on  the  same  itj 

with  the  hidicaling  hiind  or  pointer,  nnd  rT>« 

the  latter  a  corresponding  amouol.     Tbe  poid 

fa  placed  just  in  front  of  a  graduated  dial,  i 

shown  in  the  figute,  tmm    which    the  press 

may   be  read    in  suitable  ptrssuir-uDiis.  tadk 

pounds  per  square  inch.     These  gauges  mayj 

be  used  for  indicating  vacuum,  or  a  pressure  I 

than  that  of  the  atmosphere.  * 

Draft-GaDges.  The  measurement  of  prenj 

""'  but    slightly  above   or   below    the    atrnw^iM 

piessurc,  barometric  pressoie,  is  usually  accomplished  by  the  use  of  a  inj 

GAUGE.    This  is  essentislly  a  U  tube,  cor.taining  dlher  water,  kero-mc^ 

hoi,  or  mercury,  mounted  upon  a  graduated  scale,  and  reading  either  in  iacj 

of  fluid  or  in  pounds  or  ounces  per  square  incO.    Since  tbe  pnssurc  toJicd 


.    Siii^e,«(a)og  Pnsnin. 
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lerentud  one,  due  to  the  left-hand  leg  being  open  to  the  air,  the  reading 
;  obtained  by  adding  the  depression  in  the  left-band  leg  to  the  elevation 
(ght-hand  leg,  iising  zero  as  the  reference-point  in  both  cases. 

neters.  The  pressure  of  the  atmosphere  is  usually  measured  by  a 
lAL  BAROiCETER  (Fig.  2),  wMch,  in  its  Simplest  form,  consists  of  a  glass 
out  3  ft  bng,  closed  at  one  end.  After 
led  with  mercury  it  is  inverted  in  a  shallow 
mercury.  The  pressure  of  the  atmosphere 
nnd  maintains  the  mercury-column  in  the 
out  30  in  above  the  level  in  the  bath  or 
The  barometric  height  or  length  of  this 
of  mercury  varies  with  the  altitude  above 
'  sea-leveL  When  the  mercury  in  the  tube 
.t  in  the  dstem  rises  in  corresponding  pro- 
and  vice  versa,  so  that  there  is  an  ever- 
relation  between  the  level  of  the  mercury 
ube  and  the  mercury  in  the  cistern,  whicb 
iie  accuracy  of  the  readings.  It  is,  there- 
essaiy,  before  reading  the  height  of  the 
column  on  the  stem  of  the  barometer  by 
f  a  movable  vernier,  to  adjust  the  level  of 
Luy  in  the  dstem.  All  standard  or  observ- 
ometers  of  the  mercurial  type  have  this 
Dt.  Barometers  of  other  types,  such  as 
ROID  BAROMETER,  miist  be  frequently 
I  with  a  standard  mercurial  barometer  in 
:heck  the  accuiacy  of  their  readings.  Fig.  2.    Shnple  Bannneter 

etric  Pretfure.  By  barometric  height  is  meant  the  height  of  a 
'  pure  mercury  at  32°  F.  which  just  balances  the  pressure  of  the  atmos- 
'Jhe  time  and  place  of  the  observation.  The  standard  or  normal 
MC  FRESSTTRE  is  defined  as  the  pressure  of  a  column  of  pure  mercury 
[29.93  in)  ^h  at  32*  F.  This  is  the  normal  barometric  pressure  at 
5*  and  at  sea-level.  Since  the  weight  of  i  cu  in  of  mercury  under 
e  conditions  is  0491  lb,  the  normal  barometric  pressiure  *  height  of 
olunin  X  weight  per  cubic  inch  *  29.92  X  0.491,  or  14.7  lb  per 
lis  pressure  of  14.7  lb  per  sq  in  is  known  as  the  absolute  pressure 
ciosphere  at  latitude  45^  and  at  sea-level.  Now,  sinc^  the  ordinary 
i,Uge  measures  only  pressures  above  or  below  that  of  the  atmosphere, 
sary  to  add  the  barometric  pressxtre  at  the  place  in  question  to 
s-R£ADiNG  to  OBTAIN  THE  TOTAL  ABSOLUTE  PRESSURE  Corresponding 
■lire  indicated  by  the  gauge.  That  is,  absolute  pressure  »  barometric 
-  gauge-pressure. 

Heat 

yn  of  Heat.  Heat  is  a  form  of  energy.  It  is,  in  fact,  the  kinetic 
Jal  energy  of  the  molecules  of  which  all  substances,  whether  solid, 
aseous,  are  composed.  Whenever  the  vibratory  motion  of  the  mole- 
oains  a  body  of  given  mass  b  increased  from  any  cause  the  thermal 
r£RGY  is  increased.  The  temperature  of  the  body  rises,  its  sensible 
ftses,  and  the  body  feels  warmer. 

raient  of  Tempentore.  Theraiometry.  Intensity  of  heat  is 
>y  THERMOMETERS  and  pyrometers,  the  latter  being  used  for  high 
BS    above  from  400 **  to  500**  F.    In  engineering  work  mercurial 
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thermometers  are  very  largely  employed.  These  depend  upon 
expansion  of  mercury  to  indicate  changes  in  temperature.  The  unit  op  mejisii 
MENT  is  called  a  degree,  and  is  capable  of  very  exact  determinjLtioii.  provl 
that  two  points,  at  which  the  heat-intensity  is  always  constant,  can  be  usa 
bases  or  references  for  calibration.  The  melting-point  of  ice  zsxd  boiling-p 
of  water  at  atmospheric  pressure  are  usually  selected  as  bases,  and  the  un^ 
expansion  of  the  mercury  between  these  two  points  is  indicated  on  a  « 
divided  into  i8o,  loo,  or  80  divisions.     (Fig.  3.)     Each  of  these  divisioa 

known  as  a  degree  and  the  scales  used  are  known 
spectively  as  Fahrenheit,  Centigbaoe  or  Chlsi 
and  Reaumur.  The  Fahrenheit  is  used  almost  ea 
sively  in  engineering  In  this  country. 

Abiolute  Tempentara.  In  additioo  to  the  d 
temperature*scale8  already  described,  physiosts  ea| 
what  is  known  as  the  absolute  scale  of  temr 
tures,  baaed  on  the  so-called  absolute  zbko  op  t 
pkrature,  at  which  point  no  molecolar  vibration  ad 
This  zero  is  conceived  as  491.6*  F.  below  the  mell] 
point  of  ice  (32**  F.),  it  having  been  discovered  tfaaf 
idesd  perfect  gas  would  change  in  volume  by  1/41 
of  its  volume  at  33°  F.  for  each  i**  chance  in  its  ti 
perature,  at  constant  pressuze.  Thus,  if  491.6  a 
of  gas,  measured  at  32^  F.,  is  cooled  ao^  F.  at  oonsl 
pressure,  the  new  volume  will  be  471.6  ca  ft.  1 
only  necessary  to  add  491.6  —32,  or  459.6,  toi 
actual  thermometer-reading  to  get  the  abaoliite  K 
perature.  That  is,  T  *-  ^  +  459-6,  where  T  -«  afasal 
temperature,  and  i  "•  actual  thermometer-readinsj 
the  Fahrenheit-scale.  For  engineering-work,  460* 
used  rather  than  459-6 ^  For  the  Centigrade  scale' 
relation  is  T  ■»  /  -f  273.1. 

Measurement   of  Heat-Qmuititf . 

Heat  may  be  measubed,  since  it  is  a  form  of 
in  any  of  the  usual  energy-units,  as  the  joulk. 


Fig.  8.    Fahrenheit  and  x.  .      . 

Centigrade  Thermometers  POUNi>i  or  hokse-power  hour.     It  is  the  custom,  h 

ever,  to  use  for  this  purpose  a  special  unit  more  resM 
a^^licable  to  heat-changes.    This  unit  in  the  English  ^stem  is  known  as 
British  therical  unit  (Btu),  and  is  the  amount  of  heat  required  to  raise  x  I 
water  from  63°  to  64 **  F.    For  all  practical  i>urposes  in  ordinary  '^li^iUrifT 
Btu  is  the  amount  of  heat  required  to  raise  i  lb  of  water  i**  F. 

Specific  Host  It  is  a  welMcnown  fact  that  equal  quantities  off  hest  \ 
raise  eq\ial  weights  of  different  substances  a  different  number  of  degree 
ing  on  the  nature  of  the  substances.  This  property  of  matter  is 
SPECIFIC  heat,  and  for  any  substance  can  be  expressed  as  the  number  of  1 
required  to  raise  or  lower  the  temperature  of  t  lb  x^  F.,  at  some  given  t 
perature.  It  is  also  customary  to  make  use  of  the  mean  or  average  vahid 
a  certain  temperature-interval.  Two  specific  heats  are  recognised,  one  km 
as  the  true  specific  heat,  measured  at  the  temperature  stated,  and  the  g| 
as  the  itEAN  SPECIFIC  HEAT,  which  is  the  average  value  between  the  teM>|>^wmii 
under  consideration.    The  specific  heat  of  air  at  constant  pressure  is  0.24. 

Relation  between  Units  of  Energy  and  Power.    Since  the  various  U 

energy,  heat,  mechanical  energy,  electrical  ene^y,  etc.,  are  matiuOy 

ible,  there  must  be  definite  numerical  relations  between  the  various  units  1 
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C9S  energy.  As  determined  by  various  physicists  the  reiatioa  between 
I  and  the  f  t-lb  is 

I  Btu  ■=  777^4  it-lb 

unber  777.64  is  called  the  mechanical  equivalent  of  heat  and  is 
I  by  /.  For  ordinary  use  the  value  7 78  may  be  taken.  Another  coQ' 
relation  is, 

I  h.p.   »  2  564  Btu  per  hr 

Steam 

Bities  of  Steam.  Steam  is  water-vapor,  which  exists  in  the  vaporous 
n  because  sufficient  heat  has  been  added  to  the  water,  from  which  the 
■s  been  formed,  to  supply  the  latent  heat  of  evaporation,  and  to  change 
Ed  into  a  vapor.    This  change  of  state  takes  place  at  a  definite  and 

temperature,  which  is  deteitnined  solely  by  the  pressure  of  the  steam, 
e  in  pressure  will  always  be  accompanied  by  a  change  in  the  tempera- 
irhich  ebullition  or  boiling  will  occur,  and  there  will  be  a  corresponding 
n  the  latent  heat.  The  properties  of  steam,  together  with  other  char- 
:s,  are  tabniated  in  the  stcam:tahles.  (See  Table  I.)  Steam  in  con- 
t  the  water  from  which  it  has  been  generated  is  known  as  saturated 
xid  may  be  known  as  dry  saturated  steam,  or  as  wet  saturated 
^he  latter  contains  more  or  less  actual  water  in  the  form  of  mist  or 

2is  it  is  called.  If  dry,  saturated  steam  be  heated,  and  the  pressure 
^  the  same  as  when  it  was  vaporized,  its  temperatiue  will  increase 
El  become  superheated;  that  is,  its  temperature  will  be  higher  than 
jtMialtd  steam  at  the  same  pressure. 

E«  and  Latent  Heat.  Whenever  heat  is  added  to  a  substance,  without 
state,  its  temperature  la  raised,  and  the  heat  thus  added  is  known  as 
:SDEAT,  as,  for  example,  the  heat  added  to  water  the  temperature  of 
.^tween  50^  and  140*  F.  Sensible-heat  changes,  as  already  stated,  are 
"by  the  thermometer.  Heat  may  be  added  to  a  body  without  any 
temperature  provided  a  change  of  state  from  solid  to  liquid  or  from 
r^por  takes  place,  and  the  heat  thus  added  is  known  as  latent  heat. 
^-fiangff  is  from  solid  to  liquid,  as  from  ice  to  water,  this  heat  is  known 
trmvT  HEAT  OF  Fusiow.  At  atmospheric  pressure  ice  melts  at  32*  F., 
l^mt  heat  is  144  Btu  per  lb.  When  the  change  is  from  liquid  to  vajpor, 
^"ter  to  steam,  the  heat  required  to  eflFect  the  change  is  known  as  the 
;>^t  of  evaporation.  At  atmospheric  pressiure  water  evaporates  at 
3.<1  the  latent  heat  is  971.7  Btu  per  lb.  A  conception  of  the  relation 
1,^  properties  or  characteristics  of  steam,  and  the  manner  in  which  the 
^<uUe,  temperature  and  pressure  are  brought  about,  is  described  in  the 

of  Steam.  Consider  a  frictionless  cylinder  (Fig.  4),  containing 
rr  at  32°  F.  Also  oonsider  the  pressure  of  the  atmo^here  to  be  14.7 
^nd  to  be  replaced  by  that  of  the  piston  B.    When  heat  is  applied 

the  temperature  of  the  water  rises  until  the  boiling-point,  212°  F., 

The  beat  necessary  to  raise  the  temperature  from  32**  F.  to  the 

is  known  as  the  beat  of  the  liquid  or  sensible  heat,  and  is  de- 

sjonbol  Q.    This  condition  is  denoted  in  Fig.  8  by  the  point  C. 

specific  heat  of  water  between  32°  F.  and  212**  F.  is  i;  hence  the 

ritish  thermal  units  (Btu)  necessary  to  raise  the  temperature  of 

amount  is  312  —  32  or  180  Btu. 

heat  is  added  the  water  begins  to  evaporate  and  expand  at  coo- 
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StaDt  temperature  until,  as  in  Fig.  fi.  the  irster  is  entirely  changed  into  steal 
This  condition  is  also  shown  in  Fig.  8,  by  the  point  D,  The  heat  thus  added 
known  as  the  latent  heat  of  evaporation  and  is  denoted  by  the  qrmbol 
This  heat  r  is  subdivided  into  two  parts.  (See  Fig.  7.)  First  the  attractk 
between  the  molecuks  must  1>e  brolien  doira.  This  is  known  as  the  inteuu 
LATENT  BEAT  and  is  denoted  by  the  symbol  p.  Neit  the  eitemal  resislani 
must  be  overcome,  tlie  weight  F  l>eiiig  raised  against  gravity.  The  heat  thi 
added  is  linown  as  external  latent  heat  and  is  designated  by  the  symbo 
APu,  wliere  u  is  the  change  in  volume,  in  cu  ft  of  i  lb  of  water,  A  is  1/778,  ai 


Dlagmns  Eiplainuig 


CenerstiDii  of  Steam 
Is   per  square  feet  (baiooKli 


+  APa.  or 


-APa 


The  term  ^Pu  is  the  heat-equivalent  oF  the  work  perfonned  for  tbe  dtaogel 
volume  from  water  to  steam. 
.The  heat  added  from  the  starting-prant  (31*  F.),  is  known  as  total  hU 
(//),  <a  q  +t  —  H.  IE  more  heat  is  a<ldcd,  the  pressure  remainicut  coBstai 
the  temperature  of  the  steam  rises  and  the  steam  liecomca  what  is  known  i 
EUPERHEATED  STFAH.  Tlic  heat  added  is  equal  to  the  hean  S)>Ecmc  hu 
(,€,,)  of  the  steam,  times  the  change  in  temperature  {Ji  -■  ju).  The  sped 
heat  of  steam  is  the  fitu,  or  heat,  required  to  ruse  the  tempemture  of  i  lb  <jf  d 
Eleam  i*  F.  Since  the  specific  heat  of  steam  is  less  than  that  of  water,  d 
slope  of  this  line  becomes  greater  ihan  thai  of  the  water. line  The  punt 
now  located  at  h  (Fig.  8),  and  the  steam  has  inoeased  in  volunie  in  the  cylinJ 
(Fig,  51,  until  the  jnston  occupies  the  dotted  position  B'. 
If  initead  of  the  above  condition  of  preasue,  ftdditknial  pnnuic  is  »«<^ 
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Heat-content 

Latent  keat 

e  pressure 

Tem- 

Vol- 

tnBtu 

inBtn 

pera- 

tune. 

Weight, 

1 
f  Lb  per 

ture. 

• 

«lft 

lb  i>er 

of 

of 

of 

In- 

.      r^     dec. 

per  lb 

Ctlft 

liquid 

vapor 

▼apor- 
isation 

1 

ternal 

1 

V 

d 

« 

U 

r 

P 

i           136.  II 

5  173-6      0.00576 

94.02 

1  XT6.3 

I  033.3 

9S7.9 

4        isa.9< 

}   90.6 

0.01104 

X30.9 

X  X37.9 

I  007.0 

939.9 

6        170.0' 

1    63.0 

0.0x614 

137.9 

X  13s. 0 

997.1 

938.3 

8        xSa.S; 

r  47.3s 

0. 031X3 

XS0.8 

I  140.3 

989.5 

919-4 

10        193-2] 

[,  38.43 

0.03603 

x6x.x 

1  144.4 

983.3 

9X3.3 

12           201. ^i 

>  32.41 

0.03086 

169.9 

1 147.9 

978.0 

906.0 

14. U    2".IJ 

1  26.7s 

0.03739 

180. 1 

X  X5X.8 

971.7 

898.8 

x6         3X6.3 

34.76 

0 . P4038 

184.3 

X  153.4 

969.1 

895.8 

l8            332.4 

33.18 

0.04508    190. 5   'l  IS5.7  1 

96s.  2 

891.4 

30            338.0 

30.  XO 

0.04976 

196.0 

X  X57.7 

961.7 

887.3 

33            333 • I 

18.38 

0.0544 

30I.3 

I  159.6 

958.4 

883.6 

24          237.8 

16.9s 

0.0590 

306.0      I  I6X.3 

955-3 

880.1 

26        343.3 

IS. 73 

0.0636 

310.4    X 163.8 

952.4 

876.8 

»8          346.4 

14.67 

0.0681 

3X4.6 

X  X64.3 

949.7 

873.7 

\o          3S0.3 

13.76 

0.0737 

3X8.6 

I  165.7 

947.1 

870.7 

12          354. 0 

13. 9S 

0.0773 

333.4 

X  X66.9 

944.6 

867.9 

4          257. 6 

13.34 

0.0818 

335.9 

I  X68.X 

943.3 

865.3 

6       1    360.9 

IX. 60 

0.0863 

339.4 

X  169.3 

939.9 

863.7 

8       I  364.3 

11.03 

0.0907 

333.6 

1  170.3 

937.7 

860.3 

>          367.3 

10. 51 

0.09SX 

235-8 

1  171.3 

935-5 

857-8 

>          38X.O 

8.53 

0.1173 

349.8 

I  175.6 

935-9 

847-1 

2«5.9 

7.93   !o.l36i 

354. 7 

1  177.1 

933.4 

843-2 

a9».7 

7.18 

0.1392 

361.7 

X  179. I 

917.4 

837.8 

396.9 

6.76 

0.1479 

366.x 

I  X80.3 

914.3 

834.3 

302.9 

6.33    '0.1609 

372.3 

X  183.0 

909.8 

829.5 

306.7 

5. 90  1O.T69S 

376.1- 

r  183.0 

906.9 

836.4 

1  3<3.o 

5.48  |0.x834 

381.6 

I  184.4 

903.8 

831.9 

1  315. 4 

5.33   I0.X9XO 

385.1 

X  185.3 

900.3 

8x9.x 

1  3«0.3 

4.905  0.3039 

390.1 

I  x86.s 

986.4 

8X5-0 

/  3*3.3 

4.709'o.3l34 

393.3 

I  X87.3 

894.0 

812.4 

1   3»7.8 

4.44210.3351 

397.9 

I  188.4 

890.5 

808.6 

/   330.7 

4.379'o.3337 

300.9 

I  189.0 

888.3 

806.x 

/   334.8 

4.0S7 

0.3465 

30s.  I 

I  X90.0 

884.8 

803.6 

/   337.4 

3.921 

0.2550 

307.9 

I  190.6 

883.7 

800.3 

/   341.3 

3.7350.3678 

311. 9 

I  191. 4 

879. 5 

796.9 

/    343.7 

3.630  0.3763 

314.4    I  191. 9 

877. 5 

794-8 

1   347.4 

3.461:0.3889 

318.3    I  193.6 

874.4 

791.6 

j    349-7 

3.36310.3973 

330.6    I  193.1 

873,5 

789. 5 

/    353. I 

3.236'o.3ioo 

324.3 

I  193.7 

869.6 

786.4 

/    355.3 

3.140  0.3184 

326.5 

I  194. X 

867.7 

784. 5 

/  358. s 

3.03oto.33ii 

329.8 

I  194.7 

864.9 

781. € 

f  3^0. s 

a.  94s  jo.  3396 

333.0 

1  195.1 

863.1 

779.7 

'    3^3. S 

a. 839  0.3522 

335.3 

I  195.7 

860.5 

776. c 

36s -6 

2. 773 '0.3606 

337.3 

1  X96.0 

858.7 

775-1 

3e».s 

a.679'0.3733 

340.3    1196.5'    856.3 

773.^ 

370.4 

2.6300.3817 

343.3     X  196. 8 

854. 5 

770.  < 

373.1 

2.536)0.3943 

34S.a   I  197.2 

853.0'   768. ( 

377.6 

a. 408  0.4154 

350.0    I  X97.9 

847-9!   763. < 

381.9 

2.393'o.4364   1   3545   'i  198.5!    8440'   759.< 

rom 
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as  shown  by  the  weight  W  in  Fig.  6,  the  temperature  of  the  boOing-point  wil  1 
raised  from  the  temperature  of  212*  F.  to  some  other  point,  as  h  (Fis.  8).  i 
may  be  seen  by  this  figure,  the  sensible  heat  q  has  been  increased  to  qi.  \\h 
more  heat  is  added  the  water  is  evaporated  at  the  temperature  h,  and  if  be 
again  be  added  the  saturated  sxeah  will  beoome  supesheaied  sieam. 

Qoality  of  Steam.  The  proportion  of  the  nav  steam,  per  potmd  of  sta 
delivered  by  the  boiler,  is  known  as  the  qualfty  of  the  sieam  and  is  rep 
sented  by  the  ssnnboi  x,  and  the  heat  {Hx)  contained  in  tlie  stesm  abotw  32* 
is  9  +  ^;   the  state-point  is  located  at  E  (Fig.  8). 

Specific  Volume  and  Density.  The  volume  of  a  pound  of  steam  is  knoi 
as  the  SPECIFIC  volume  9,  and  as  may  be  seen  by  compaiing  Figs.  5  and  6,  c 
creases  as  the  pressure  increases.  The  reciprocal  of  this,  or  the  weight  ol  sta 
per  cubic  foot,  is  known  as  the  density,  and  is  denoted  by  i  or  i/«. 

Entropy.  Another  quantity  known  as  entropy  is  made  use  of  in  cakd 
tions  relating  to  steam-engines  and  turbines,  and  is  defined  as  the  ratio  obtaa 
by  dividing  the  quantity  of  heat  added  to  a  substance  by  the  abaolute  tonpca 
ture  at  which  it  is  added. 

The  Total  Heat»  IT,  of  a  dry,  saturated  vapor  for  any  pressure  aztd  la 
perature  is  the  sum  of  the  heats  required  to  raise  the  temperature  of  one  poa 
of  the  liquid  from  the  freezing-point  to  the  given  temperature  and  correapaoil 
pressure  and  entirely  vaporize  it  at  this  pressure.  For  this  case  x  « 
and  consequently 

H  m(p+APu)  +qmr+q 

The  total  heat  (Hx)  of  wet  vapor  at  any  pressure  and  temperatore  is 

Bz  "  jcr  +  9 

It  is  manifestly  incorrect  to  say  that  this  is  the  heat  in  the  vapor,  as  the  A 
is  not  the  heat  in  the  vapor,  but  the  external  work  performed  by  the  vapor  wl 

evaporating. 

Superheated  Steam  or  Vapor.  Superheated  steam  is  defined  as  water-va; 
which  has  been  heated  out  of  contact  with  its  liquid,  until  its  temperaton 
higher  than  that  of  saturated  vapor  at  the  same  pressure. 

The  heatrcontent  of  superheated  steam  or  vapor  may  be  expressed  hy 
equation 

Bfq+r  +Cp{h  -0  -H  +Cp((.  -/) 

where  /«  is  the  temperature  of  superheated  vapor,  /  the  temperature  of  saton 
vapor  at  the  corresponding  pressure,  q  the  heat  of  the  liquid  at  /,  an 
the  heat  of  vaporization  at  temperature  /.  Cp  is  the  mean  specific  heal 
superheated  vapor  (approximately  0.50),  H  the  total  beat  of  i  lb  oC  dzy  * 
urated  steam,  and  Ht  the  total  heat  of  i  lb  of  superheated  steam. 

Properties  ol  Air 

Charles'  taw.  CSiarles'  Law  refers  to  the  reUtion  between  pcessuzc,  ^^ 
and  temperature  of  a  gas,  and  may  be  stated  as  follows,  llie  volume  i 
given  weight  of  gas  varies  directly  as  the  absolute  temperature  at  coo^ 
pressure,  and  the  pressure  varies  directly  as  the  absolute  temperature  at  cxmi4 
volume.  Hence,  when  heat  is  added  at  constant  volume  Ve,  this  equation  cesi 
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i  temperatnre-raDge,  at  oonstatit  prefsure  Pe,  the  lelatlon  Is 


Vi 


or  any  weight  of  ga$  3i,  since  volume  b  proportional  to  weight  at 
ime  and  temperature, 

FV  -  MRT 

laracteristic  equation  for  a  perfect  gas.    In  this  formula 

bsiohite  pressure  of  the  gas  in  pounds  per  square  foot  •  2116^ 

ttmosplieric  pressure); 

'oliune  of  the  weight  M  in  cubic  feet; 

weight  in  pounds  of  the  gas  taken; 

istant  depending  on  the  nature  of  the  gas  «  53>37  ^  air; 

ibsolute  temperature  in  degrees  Fahrenheit  (/  +  459<6). 

Table  n.    Properties  of  Dry  Air 
Barometric  pressure,  29.92  x  in.    Specific  heat,  a24 


Btu  absoilwd 

Cubic  feet 

re 

Weight  per 

Per  cent  of 

by  one  cubic 

of  dry  air 

I 

cubic  foot 

volume  at 

fbot  dry  air 

warmed  one 

b 

in  pounds 

70**  Fahrenheit 

per  degree 

Pahrenbeit 

degree  i>er 
Btu 

0.08636 

0.8680 

0.03080 

48.08 

0.08453 

0.8867 

0.03039 

49  08 

0.06376 

0.Q057 

0.0x998 

50.05 

0.08x07 

0.9346 

0.0x957 

51.  to 

0.0794S 

0.9434 

0.0x9x9 

53. zx 

0,077** 

0.9634 

0.01881 

53.17 

0.07640 

0.9811 

0.0x846 

54.18 

0.0749s 

I. 0000 

0.0x8x3 

55.19 

0.07356 

1.0x90 

O.D1779 

56.31 

0.07333 

1.0380 

0.0x747 

57.  as 

0.07093 

I. 0570 

0.0x716 

58.38 

0.06968 

I,07S6 

0.01687 

59  aS 

0.06848 

1.0945 

0.0x659 

60.38 

0.06733 

I.XI33 

0.0x631 

61.33 

0.06630 

Z.Z330 

0.01605 

63.31 

0.06510 

I.I5Z3 

0.0x578 

63.37 

0.06406 

I. 1700 

0. 01 554 

64 -35 

0.06304 

I . 1890 

0.0X530 

65.36 

0.0630:; 

X . 3080 

0.0x506 

66.40 

0.06110 

1.3370 

0.0x484 

67.40 

0.06018 

I . 2455 

0.0x463 

68.41 

0.0(673 

X.33X3 

0.0x380 

72.46 

0.05335 

1.4345 

0.0X374 

76.50 

0.04903 

Z.5388 

O.OXX97 

83.55 

0.04618 

1.6330 

0.01x30 

88.50 

0.04364 

I. 7177 

0.01070 

93.46 

0.04138 

X.8ZI3 

0.0x018 

96. a4 

0.03934 

X . 9060 

0.00967 

103.4a 

0.03746 

3.OOZ0 

0.00923 

108.35 

0.03423 

3.1900 

0 . 00847 

118.07 
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A  PERFECT  GAS  confonns  exactly  to  the  above  equation,  and  while  no 
PERFECT  in  this  sense,  they  conform  so  nearly  that  the  above  equation  ai 
to  most  engineering-computations.    The  volume  of  i  lb  of  air,  known  as 
SPECIFIC  VOLUME,  at  any  temperature  and  pressure,  can  be  found  at  onctt 
the  equation 

V  -  (53-37  X  r)/P 


Saseai 

a  apfl 
'n  as^ 


Estimating  Heating  Requirements  of  Buildings 

Heat  Required  and  Supplied.  The  amount  of  heat,  measured  in  Btu  tn 
supplied  by  the  heating-apparatus  to  a  building  to  maintain  the  inside  temps 
ture  above  that  of  the  outside,  commonly  termed  heat-losses,  is: 

(a)  The  heat  required  to  offset  the  heat-transmission  of  the  wallst,  ccflii^ 
roof,  and  floor,  llus  loss  of  heat  depends  upon  the  type  and  m«toyii^|^  d  0 
struction  used  and  the  temperature-difference  to  be  maintained  between  I 
inside  and  the  outside  of  the  building. 

(b)  The  heat  required  to  warm  the  air  entering  the  building  from  the  outsi 
either  by  infiltration  or  purposely  introduced  for  ventilation. 

(c)  The  heat  supplied  by  persons,  lights,  machinery  and  motors,  which  n 
be  deducted  from  the  sum  of  items  (a)  and  (b)  to  obtain  the  net  amount  of  bl 
to  be  supplied  by  the  heating-apparatus.     (Item  (c)  is  usually  not  consi<lere 

It  is  customary  in  all  calculations  connected  with  the  design  of  heati 
installations  to  base  the  estimate  on  the  amount  of  heat  per  hour  to  be  suppi 
by  the  apparatus.  The  total  heat  to  be  supplied  per  hour  is  H  ^  ((item  a] 
(item  b)  —  (item  c)]  Btu.  The  method  in  use  for  the  calculation  of  the  van 
items  above  mentioned  will  now  be  taken  up  and  discussed  in  the  order  give 

Temperatures.    The  inside  temperature  to  be  maintained  and  the  air 
quired  for  ventilation  for  various  classes  of  work  are  discussed  under  Ventilati 
to  which  the  reader  is  referred.    The  outside  temperature  lor  which  the  heati 
installation  should  be  designed  is  fixed  by  the  lowest  outside  temperature  tl 
is  liable  to  continue  for  several  days  during  the  heating-season. 

Usoal  Inside  Temperature  Specified 


Kind  of  buildings 

Degrees  P. 

Public  buildiriKS 

68 -7  i 

6S 
60-65 
50-60 

70 

Factories 

Machine*8hops 

Foundries,  boiler-shops,  etc .... 
Residences 

Bath-rooms 

85 

Schools 

70 

72-75 
So 

Hosoit&ls 

Paint-shoDs 

In  designing  the  heating-system  a  temperature  of  from  10*  to  1 5  •  F.  hi( 
than  the  lowest  recorded  temperature  is  recommended   to  be  used  for  the 
side  temperature. 

Heat-Transmission  of  Walls,  Ceilings,  Roofs,  Floors,  etc    (a)  The  h 

loss  through  building-construction  is  dependent  upon  the  chanLcter  of 
material,  thickness  and  character  of  the  surfaces,  and  the  velocity  c»f  the 
over  the  surfaces.  Numerous  tests  have  been  conducted  by  various  eai 
menters  to  determine  accurately  the  heat-transmission  of  \*arious    type 
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T^bito  m.    Ootside  TempentofM 

jid  Avenge  TempeTBtuzes  in  the  United  States.    All  stated  m  Falireoliei 
degrees  and  compOed  from  United  States  Weather  Bureau  Records 


City 


Mobfle 

Montgomery.. 

Flagstaff 

Phoenix 

Port  Smith. . . . 
Little  Rock. . . 
San  Diego .... 
[ndependence. . 

Denver 

jtsind  Junction 
Southington. . . 
RTashington. . . 

fupiter 

Facksonyille. . . 

>avannah 

Ltlanta 

)oise. 

^ewiston 

Chicago 

ipringfield .... 
ndianapolis. . . 
Svansville .... 
iotix  City .... 

jeokuk. 

k>dge  City. . . 

T'ichita. 

ouisville 

few  Orleans. . 
hreveport. . . . 

astport 

ortland. ..... 

altiaaore 

OS  ton ....... 

Ipena 

etroit 

uluth 

Minneapolis. . . 
endi&n.  .  • . . 

icksburg 

fring&e\d .... 

annibal 

avre 


Loirest 


■  I 

5 

•ai 

22 

•IS 
•la 

32 
zo 

•39 

-i6 
■19 
•IS 

24 

10 

8 

-  8 

28 

>i8 

-23 

'22 

-25 
■IS 
•31 
-26 
•36 

•33 
•30 

7 

•  5 

-31 

•17 

•  7 
-13 
•37 
-24 
-41 
■33 

•  6 

•  I 

-39 
•30 

■55 
•43 


Aver- 
age.* 


57.7 
56.1 
34.8 
58.9 
49.5 
52.0 
57.2 
48.7 
38.4 
39-2 

36.3 
42.9 
69.8 
60.9 
57. 2 

51. 4 
39.6 

42. 5 
35-9 
39.0 

40.4 
44.1 
32.1 
37.6 

•   ■   •  • 

42.9 
4S,o 
60.5 

SS.7 
31. 1 
33. 5 
43.3 
37.2 
39.1 
35.3 
35.5 
38.4 

53.9 
S6.0 
43.0 
39.7 
27.7 
30.9 


State 


aty 


Neb.. 

Nev.  . 

N.  H 
N.  J.. 
N.  Y. 

N.  M. 

N.  C. 

N.  D. 

Ohio  . 

Okla  . 
Ore.  . 

Pa... 

R.  I.  . 

S.  D.. 

Tenn. 

Tex.. 

Utah. 
Vt... 
Va... 

Wash. 

W.Va, 

Wis.. 

Wyo  . 


North  Platte.. 

Lincoln 

Caraon  City. . . 
Winnemucca. . 

Concord 

Atlantic  City.  . 
Saranac  Lake.. 
New  York  City 

Roswell 

Santa  F6 

Hatteras 

Charlotte 

Devil's  Lake.  . 

Bismarck 

Toledo 

.Columbus. .... 

Oklahoma 

Baker  City. . . , 

Portland 

Pittsburgh. ... 
Philadelphia. . . 
Providence. . . . 
Rock  Island. . . 
Charleston. . .. 

Columbia 

Huron 

Yankton 

Knoxville 

Memphis 

Corpus  Christi. 
Port  Worth... 
Salt  Lake  City. 
Northfield .... 
Cape  Henry. . . 
Lynchburg. . . . 

Seattle 

Spokane 

Parkersbuig. . . 

Elkins 

La  Crosse 

Milwaukee. ... 

Cheyenne 

Lander 


Lowest 


-35 

-39 

-23 
-28 

-3S 

-  7 
-38 

-  6 
-14 
-13 

8 

■  5 
■SI 
•44 
-z6 

•  30 
-17 
•20 

■  a 
-ao 

•  6 

■  9 

•  4 

7 

a 

•43 
-32 
•z6 

•  9 
IZ 

•  8 
ao 

•3a 
S 

•  5 
3 

•30 
-37 
-31 
-43 
■25 
-38 
-36 


Aver- 
age* 


34.6 
35-8 

37.9 
33.x 
41. 6 

34.1 
40.  z 

48.9 
38.0 

S3. 3 
49.8 
X8.9 

23. S 
36.8 
39.8 
47.1 
34.1 
45.4 
40.8 
41.8 
37. 5 
39.7 
56.9 
S3. 5 

25.9 
31.2 
47.0 

50.7 
62.7 

495 
39.7 
27.8 
48.6 
45.2 

44.3 
37.0 

41.9 
38.8 
31.2 
32.4 
33.7 
29.0 


*  Average  is  taken  from  October  x  to  May  z. 


n.  The  following  table  represents  the  results  of  the  experiment 
by  Harding  and  WlUard  in  this  connection,  based  on  an  averag 
d-movement  of  approximately  ij:  miles  per  hour: 
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Table  IV.    Hett-TransmiKion  of  Bundins-Constnictioii 


Pail 


Coftstruetioti 


thiclc- 
oesa, 

in 


eubMiK'na 


^Mi^^^^AMki 


I    »iii 


9 
13 
18 

34 


9 
13 
l8 

34 


mmmk 


I   ■!      <       ■ 


1 


2H 


Btu  traRfimitted  p«r  square  foot  per  b«ir 


Ten)perature-<tifferenc« 


.363 
.281 
.2ao 
.174 


.317 
.185 
.156 
.132 


.20 


)|-Ib  yiMtat  or. 


dbUmtOi 


CoMnlt  ««lli 


WlBdoVt 


One  air-change  per  hr  cu  ft 


2 

4 
6 


.547 
.370 
.379 


•  409 
335 


a    ^  .784 


3 

4 
6 


20' 


7.3 
S.6 

4.4 
3-5 


4.3 

;3.7 

3.1 

a. 6 


4.0 


40' 


eo'*     i     70* 


»©• 


14.5 

XI. 2 

8.8 

7.0 


ax. 8 

16.9 
13.3 
to. 4 


is -4        39.4 

19.7    I    a2-i 
IS. 4        X7.< 


l^.i 


13.! 


8.7 
7.4 
6. a 

5.3 


X3.0 
II. I 


isa    _    17.J 


13.0 


9.4       10.9 


7.9 


8.0    j    12. 0 


9.2 


I4-« 
12. i 
XO.I 


14.0     '     16. ( 


10.9 
7.4 

S.6 


21.9 

33.8 

3«-3 

X4.8 

33.  a 

3S-9 

II. 2 

16.7 

19. 5    i 

8.2 

6.5 

S.6 


15.7 


16.4 
13.0 
Tl.a 


34. 5 

19.5 

16.9 
-  •  -  - 


3X.4  '   470 


54-9  :   6».i 

50.0  SIX 

45 -9  ,   53.^ 

39-4  45.^ 

Pot  3-iii  concrete  covered  tvith  slas  roofiftfc.  de>  j 
duct  approjdmately  x»%  from  values  staited.   i 


7x4      14-3   I   24-6  I   42.8 

6SS       13.1   I   26.2   '   39.3 

.563   I   XI. 3   !  32. s   i   33-8 


29.^ 

22,^ 

,  \ 

38.6    .   33.1 

33. S         26.4 

i 
19.7     22. i 

^ 


Single 

Double 

Triple 


I     II        ■    * *— I — 

Btu  loss  pftf  foot  of  sash  perimeter  per  hoar 


I.X26 

22.5 

45. 0 

67.6 

.4S0 

9-0 

x8.o 

i7.0 

.a8x 

s.6 

IX. 2 

16.9 

.018 

.360 

.720 

l.OS  1 

78.8  90.4 
31. 5  I  36.4 
19.7    '   22. < 


Wooden  sash \   3  .OS 

Wooden  sash,  metal  strip. .  . 

Hollow  metal  sash 

Hollow  metal  sash,  stripped 


3.05 

4I.O 

fta.o 

0.43 

8.6 

X7.a 

45 

90       'X8o 

1.6 

33 

64 

tas 

26 

270 


'  144  <  x64 

I  30  I  34 

,  315  36a 

96     •  ira  '  i<« 


*  Fot  tath-and>plaster  ceiluig  with  no  floor  above,  double  the  values  given  for 
floor  with  plaster  ceiling. 
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data  on  the  heat-transmission  of  various  types  of  roofs  were 
st-reaults  of  C.  L.  Norton: 

Table  V.    Heat-Transmission  through  Roofs 


Construction 

Btu  per  sq  ft 
per  hour  per  i  ® 

difference  in 

temperature  of 

still  air  inside 

and  outside 

ab  roof  4  in  thick  with  s-ply  tar  and  felts. . 
ab  roof  3  H  in  thick  with  s-ply  tar  and  felte 
lab  roof  3  in  thick  with  s-ply  tar  and  felts . 

in  thick  with  s-ply  tar  and  felts 

:  3  in  thick  with  s-pU'  tar  and  felts 

ita  tile  3  in  thick  with  5-ply  tar  and  felts. . . 
\  in  thick  with  s-olv  tar  and  felts 

0.134 
0.149 
0.170 
0.192 
0.282 

0.348 
0.4S8 

4  in  thick  wit!i  S-ply  tar  and  felts 

L  in  thick  with  S-pIy  tar  and  felts 

0.508 
O.S75 

I  in  thick  with  s-ply  tar  and  felts 

0.633 

• 

mission  of  stone  walls  is  approximately  50%  )^ater  than  that 
thickness.  The  Btu-loss  per  foot  of  sash-perimeter  is  based  on 
minations  by  Voorhees  and  Meyer,  Trans.  Am.  Soc.  H.  and 

stion  of  Roofs  and  Floors.  The  temperatiue  of  the  air  in 
under  side  of  a  ceiling  or  roof  is  found  to  be  higher  than  the 
itaincd  at  the  breathing-liiie,  at  which  point  the  temperuttwe 
ed;  and  this  is  due  to  the  natural  tendency  of  the  warmer  or 
iae.    It  is  recommended  that  an  increase  of  approximately 

the  specified  inside  temperature  for  the  temperature  at  the 
or  wall-heights  not  exceeding  15  ft,  and  30%  for  ceiling-heights 
n  estimating  the  heat-loss  of  roofs.  Thus,  if  65°  F.  is  the  spe- 
perature  to  be  maintained  in  a  room  the  height  of  which  is 
iture  of  the  air  in  contact  with  the  under  side  of  the  roof  may 
!  65*  4-  30%,  or  8s'  F.  The  loss  of  heat  through  the  ceiling 
p^hich  a  large  air-space  exists,  through  partitions  between  a 

room,  or  through  the  first  floor  to  the  cellar,  may  be  estimated 
n  that  the  warmed  rooms  give  off  sufficient  heat  to  maintain 
>f  these  colder  spaces  according  to  the  following  schedule: 

cs  under  metal  or  slate  roofs 14*  F. 

cs  under  tile,  cement,  tar,  or  gravel  roofs 23*  F. 

1  roonu  kept  closed 35"  F. 

nission  of  floors  that  are  laid  directly  upon  the  ground  may  be 
aasumption  that  the  ground  in  contact  with  the  under  side  of 
pproximate  temperature  of  50°  F.  Thus  the  estimated  heat- 
in  ooncrste  floor  laid  directly  upon  the  ground,  assuming  an 
e  of  6s*  F.,  is 

>3  (65  —  50)  or  8.4  Btu  per  square  foot  per  hour 

[ilfiltratioti.    (b)  The  heat  required  to  warm  the  outside  aic 
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Part 


which  may  enter  by  leakage  through  the  cracks  or  clearances  around  windoi 
and  doors  is  that  required  to  raise  the  temperature  of  the  weight  of  ii 
air  per  hour  from  the  outside  to  the  inside  temperature. 

Let      b  »Btu  required  per  hour  to  heat  the  incoming  air; 
t » inside  room- temperature  in  degrees  Fahrenheit; 
lo « outside  temperature; 
Cp  "Specific  heat  of  air  at  constant  pressure  ■■  0.24; 
d  'density  of  the  air  at  temperature  /; 
—0.07s  for  70°.inside  temperature; 
■■0.076  for  60°  inside  temperature; 
Q  « cubic  feet  of  air  per  hour  entering  building  by  infiltratUHi, 

at  temperature  t; 
W  >*weight  of  air  per  hour  entering  building  by  infiltration  »  d  X.Qi 
Then  b  ^Cp  (/  -  /o)  Q  X  rf  -  0.24  XW  X{t  -k); 
-1.26  Q  for  70**  inside  temperature; 
ai.08  Q  for  60°  inside  temperature. 

There  are  two  assumptions  made  by  engineers  in  practice  for  obtaining  ti 
value  of  Q.  The  conmion  method  in  vogue  is  to  assume  a  certain  number  1 
air-changes  »,  per  hour  in  the  cubical  contents  C,  of  the  room  in  accordanc 
with  the  following  table: 

Table  VL    Number  of  Air-Changes  per  Hour 


HaUs. 

Rooms  on  xst  floor 

Rooms  on  2nd  floor 

Offices  and  stores,  ist  floor 

Offices  and  stores,  2nd  floor 

Churches  and  public  assembly-rooms. 
Large  rooms  with  small  exposure . . . . 
Factory-buildings 


n 
n 

n 


n 
n 

n 


3 

3 
I 

a  to3 

i^toa 

Ktoa 

Hi  to  I 


Example.  Required  the  heat-loss,  by  infiltration,  from  a  room  contaimq 
20  000  cu  ft,  the  temperature  of  which  is  maintained  at  70^  F.  in  sero  weathe 
the  estimated  number  of  air-changes  »,  being  two  per  hour. 

Solution.  Q  »  2  X  20  000  »  40  000  cu  ft  of  air  entering  per  hour  measure 
at  70*  F. 

b  "  0.018  X40  000  X  (70  —  o)  -  so  400  Btu  per  hour. 

The  other  method  is  to  use  the  estimated  amount  of  air-leaking  in  the  binU 
ing  through  the  cracks  around  the  sash-perimeter  and  meeting-rail.  The  fd 
lowing  data  may  be  used  in  this  connection  and  is  based  on  a  wind-movement  c 
approximately  20  miles  per  hour  (Voorhees  and  Meyer  Tests). 


Plain  wooden  sash 

Plain  wooden  sash,  weather- 
stripped 

Hollow  metal  sash 

Hollow  metal  sash,  weather- 
stripped 

Copper-covered  sash 


1x4 

24 
216  to  368 

73  to  ISO 
132 


cu  ft  air  per  hour  per  foot  perimeta 

cu  ft  air  perliour  per  foot  perimeta 
cu  ft  air  per  hour  per  foot  perbnetM 

cu  ft  air  per  hour  per  foot  pcnsaetai 
cu  ft  air  per  hour  p«r  foot  perimeUi 


For  a  room  with  more  than  one  outside  wall  use  only  the  sum  of  the  pa 
imeters  of  the  windows,  in  the  side  having  the  greater  number. 
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t  office  14  by  1 6  by  lo-ft-high  ceiling,  has  two  3  by  7-ft  woodea- 
The  maintained  inside  temperature  is  70^  and  the  outside 
F.    Required  the  heat-loss  by  infiltration. 

the  first  method,  assuming  two  air-changes  per  hour,  the  loss 

•  1.26  X  2  X  (14  X  x6  X  10)  -  5  64s  Btu  per  hr 

method  this  loss  is: 

2  (3  +3  +3+7  +7  perimeter)  X  114  -  6607  Btu  per  hr 

^eat-Losses  for  TaJl  Buildings.  It  is  advisable  to  increase  the 
osses  above  the  tenth  floor  by  approximately  15%  for  walls 
to  the  prevailing  winds. 

d  by  Persons,  Lights,  Motors,  Machinery,  etc.    (c)  The 

emitted  by  persons  is  ordinarily  not  of  sufficient  importance 
account,  except  in  cases  of  assembly-halls  and  theaters.  The 
.ces  may  be  made  when  required: 

'est. 400  Btu  per  hour 

xrork 500  Btu  per  hour 

oduced  by  lights  is  as  follows: 


s: 

hour  equals  watts  per  lamp  X  nimiber  of  lamps  X  3.4x5 

roducer  gas 150  Btu 

luminating  gas 700  Btu 

itural  gas x  000  Btu 

mer  averages  3  cu  ft  of  gas  per  hour  and  a  fish-t&il  burner 

rotors  and  the  machinezy  which  they  drive,  if  both  are  located 

.rert  all  of  the  electrical  energy  supplied  into  heat,  which  is 

>m  if  the  product  being  manufactured  is  not  removed  until  its 

!  same  as  the  room-temperature. 

If  power  is  transmitted  to  the  machinery  from  the  outside, 

;-equivalent  of  the  brake  horse-power,  d.h.p.,  supplied  is  used. 

the 

,.    .         ,  motor  horse-power 

supplied  per  hour  «  --  r- -z : —  X  2  546 

emaency  of  motor 

case 

Btu  per  hour  ->  d.h.p.  X  2  546 

the  Btu  equivalent  of  i  horse-power  hour.  In  high-powered 
ief  source  of  heating  and  is  sometimes  sufficient  to  overheat 
n  zero  weather,  thus  requiring  cooling  by  ventilation  the  year 

or  Estimating  the  Heat-Lose  of  Buildings.  There  is 
i  suLE-OF-THVMB  METHODS  for  estimating  the  heat-loss  H 
the  heating-surface  required  when  direct  radiation  is  to  be 
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uud.  ThcEe  so-called  practical  Tule«  ore  intended  to  be  baaed  aa  avoa 
buildbig-caiigtniction  and  on  (he  ratio  of  irall  and  slaii-surface  to  the  cula 
contents  as  found  in  buildinei  □(  the  clus  to  wbicll  t,be]'  lefer.  Tbeae  ni 
when  modified  for  uauMial  conditions  and  applied  by  engineen  «f  loi>8  tzfi 
tmx  in  the  pnpattioning  and  design  of  iteating  systems  produce  satisfacti 
results.  They  are,  however,  rapidly  being  diKarded  except  u  nnigh  chn 
on  the  more  refined  methods  of  calculation. 

Caipenter'a  Bale.    The  following  formuk.  or  rule,  which  Ims  bc«n  nM 
used  for  many  years  in  this  countiy,  nas  propoted  by  R.  C.  Caipenter.    It 


SECOND  FLOOR 
Fig.  9.  FloDi-pluiidiid  Section  of  BuOdbcEiiiluoedbTkbkVII.    (Soe,  abo,  F%.t 
not  intended  to  be  appKed  lo  buildings  covered  with  corrugated  sheet  ttai 
metal  lath  and  pLutei  walls,  unless  (he  wall-constant  is  changed  to  suit  tbcii 

By  reference  to  Table  IV,  It  will  be  noted  that  a  fair  avence  value  for  I 

of  the  usual  well-conBtructed  buildli^-w»U  ii 
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Table  Vn.    Tabulation  of  Hoat-LoMoa  for  Bulkliiig  Sliown  in  Fig.  9. 


Room- 
designation 


Net  volume, 
cu  ft 


hrst  floor: 

Saxnpla-Toom. 

Hall 

Laboratory. . 

Office 

I  Toilet 


keoond  floor: 
'  Mgr's  o£ioe. 

Hall 

Gen*l  office. . 

Sup't's  office. 


Totals .... 


Z0080 

359s 

4320 

3  530 

900 


4320 

3  595 
10  080 

4  330 


Net  waU-u^a, 
sqft 


Floor  or 

ceiling, 

sqft 


853 

99 
378 
388 

90 


393 
119 

393 


41  730 


3464 


864 

3X6 

360 

310 

7S 


360 
3x6 

864 

360 


Glass-area, 
sq  ft 


x8o 

45 
90 
60 
30 


75 

25 

150 

75 


730 


Rooni- 

designation 


Transmission4oss, 
Btu  per  hour 


I 

I 

[pirat  floor: 
!   Sample-room. 

[    Halt 

Laboratory . . 

Office 

Toilet 

Second  floor: 
Mgr's  office.  . 

*   Han 

^    Genl.  office.  . 
Sup't's  office.. 

Totals. . . . 


Wall-lose 

197  X 

col.  3 


Floor  or 
ceiling- 
loss. 
13-  X  col.  4 
18.8XC0I.  4 


Glass- 


Infiltration  loss, 
Btu  per  hour 


78.8  X 
col.  5 


Assumed 
no.  air- 
changes 
per  hour 


16784 

I  950 
7446 
5674 
1773 


774a 

2344 

16  784 

7  742 


I 


8 


XI  332 

3  808 

4  680 
2  730 

975 


6768 

4  o6i 

16  243 

6768 


14  184 
3556 

7  113 
4728 
2364 


5910 

1  970 

XX  820 

5  910 


Infiltra- 
tion-loss, 
X.36XC0I. 
3  Xcol.  9 


Total 
heat- 
loss, 
Btu  per 
hour 


10 


IX 


I 

3 

3 
3 
3 


a 

3 

3 
3 


X3  700 

zo  809 

10  886 

6350 

3  268 


10886 
xo  809 

35  400 

10  886 


54900 

19  123 
27358 
19  483 
7  380] 

31  306 

19  324 
70  347 1 
31  306: 


100  994      280  326 


|k35  Btu  and  for  glass  x.o  Btu  per  degree  difiference  between  the  inside  and  out- 
1^  temperature  per  hour. 

LProfcssor  Carpenter  states  that  usually  we  may,  with  sufficient  accuracy, 
bfl^ect  all  in^de  walls,  floors  and  ceiUngs  and  consider  only  the  outside  walls, 
k  ThK  estimated  number  of  air-changes  per  hour,  by  infiltration,  has  already 
ken  given  in  Table  VI. 
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Let  C  »  cubical  contents  of  room  in  cubic  feet; 

n  =  number  of  air-changes  per  hour  (see  Table  VI); 
0.02  ■»  Btu  to  raise  i  cu  ft  of  entering  air  i®  F.; 
W  —  net  wall-surface  in  square  feet; 
G  —  glass-surface  in  square  feet; 
(/  —  to)  ■■  temperature-difference  between  inside  and  outside; 
H  B  total  heat  to  be  supplied  per  hour  in  Btu; 
H  -  (o.o2»C  +  G  +  HW)  it  -  to), 

Calciilating  the  Heat-Loss  of  a  Building.  The  following  example  (Ta! 
VII)  will  serve  to  illustrate  the  method  employed  in  calculating  and  tabulati 
the  heat-loss  of  a  typical  building,  the  floor-plans  and  section  being  shown  in  F 
9.  (See,  also.  Fig.  34.)  The  heating  requirements  are  for  a  temperature  <^  70' 
in  zero  weather.  The  heat-transmission  for  the  outside  walls  per  square  k 
is  taken  from  Table  IV  for  a  temperature-difference  of  70°.  The  heit-k 
through  the  first  floor  is  based  on  a  temperature-difference  of  70  —35  or  y. 
The  heat-transmission  per  square  foot  per  i^  difference  in  temperature  | 
hour  for  i^-in  wood  is  0.37;  hence  for  35*  it  is  0.37  X  35  —  13  Btu  per  ha 
The  heat-loss  through  the  ceiling  of  the  second  floor  is  based  on  a  temperatu 
difference  of  70  —  23  ■■  47®,  23°  being  the  assumed  temperature  of  the  at 
in  zero  weather.  The  heat-transmission  per  square  foot  per  hour  b  thereft 
47  X  0.40  s>  18.8  Btu.  The  infiltration-loss  is,  in  this  example,  based  on  ) 
estimated  number  of  air-changes  per  hour  as  indicated  in  Table  VII. 

By  Carpenter's  rule  the  heat-loss  of  this  building  based  on  two  air-cfaaog 
per  hour,  is 

[0.02  X  2  X  41  730  +  (3  464/4)  4-  730I  X  70  ""  228  564  Btu  per  hour 

Radiation 

Direct  Radiation.  Steam  or  hot-water  radiators  placed  in  the  room  to  i 
heated  are  termed  direct  radiators  or  direct  radiation.  Common  ty^ 
of  direct  radiators  are  shown  in  Figs.  10,  11, 12  and  13. 

Indirect  Radiation.  Radiators  used  to  warm  the  air  passed  over  them,  t 
heating  of  the  building  being  accomplished  by  hot  air,  are  termed  nmni 
radiators  or  indirect  radiation.  (See  Figs.  45  and  46.)  This  iypt 
radiation  is  frequently  used  for  installations  in  which  provision  must  be  nni 
for  ventilation  as  well  as  heating,  as  in  the  case  of  schools,  public  buildings,  d 
Indirect  radiation  is  also  used  to  some  extent  in  high-grade  restdence-heati 
where  direct  radiation  may  be  thought  unsightly,  particularly  for  the  first  flo( 
Direct  radiation  is  ordinarily  employed  for  the  floors  above  the  first  floor.  T 
principal  use  of  indirect  radiators  is  in  connection  with  the  hot-blast  sysii 
of  heating,  described  later,  in  which  a  fan  is  used  to  circulate  the  air  over  tl 
radiator  and  through  the  duct  system. 

Direct-Indirect  Radiation.  Direct-indirect  radiators  (Fig.  14}  i 
radiators  placed  in  the  rooms  to  be  heated  and  furnished  with  a  cold-air  ca 
nection  through  the  outside  wall.  It  serves  the  purpose  of  pfoviding  ta 
pered-air  ventilation. 

Materials  and  Connections  of  Radiators.  Radiators  are  coostnictedj 
cast  iron,  pressed  steel  or  pipe-coils.  The  sections  for  one-pipe  steam  sjttei 
are  connected  only  at  the  bottom.  The  sections  for  hot-water  radiators  a 
two-pipe  steam  systems  are  connected  at  both  top  end  bottonv  The  bit 
is  known  to  the  trade  as  hot-water  radiation. 
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IdUUon.  Cist-inm  radiatOTs  ihouid  not  be  operii:«l  above 
ismrt.  Standard  [upe-coil  diicct  radiation,  up  to  uj  lb. 
itort.  KadJBlors  are  mtcd  according  to  the  square-foot  area 
ig-surlace.  Cast-iron  and  pressed-steel  direct  radiators  are 
OS.  The  amount  of  healing-surface  per  section  of  cast-jroa 
arious  itasdaid  b^hts  manufactured  is  given  in  Table  VIIL 


ree-eolamn  HadUtoi        F<(.  11.    Peerleu  TbrM-cnIvma  Radiator 


b  than  witb  other  types  of  direct  radiation.    The  length  of 
and  the  width  8  in  for  all  heights. 


3S-in.4l4sqft       lAVi-'m 


'  These  radiators  have  been  de\-eloped  in  recent 
it  ingeniously  fabricated  of  No.  lo  United  Stales  ^tandard- 
ets  made  into  shapes,  widths  and  heights  which  correspond 
h  the  cast-iron  column-radiatori.  Each  section  is  made  up  of 
joined  by  a  double-lapped  seam  and  the  separate  sections 
single-lapped  se.ims.  The  pipe-connection  is  nuule  into  A 
>iron  ring  secured  to  the  end-section  by  rolling  the  sheet 
tf  Jo'  Ihe  Pressed  MeUl  Radiator  Company,  Pittsburgh,  Pa, 
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Tabla  vm.    Ab«1cu  Dlrtct  Radlaton 

Hoghts,  widths,  lengths  and  Iteating-turfaces 


Height  iu  inchM 

4, 

3S 

a. 

j6 

aj 

» 

»'i 

Peerless,  .ingle^oldmn.  <team  and  water..  .  . 
PKrlesj,  two-column,  steam  and  water 

■f 

3 

H 
H 

•A 

K 

;'!;; 

Peeilen.  thfte-iolunin,  ilaam  and  water 

Rococo,  thtee-eolunin.  ileam  and  water. 

Peertea,  tour-mlumQ,  steam  or  water 

6 
6 

;:ij 

' 

ii 

4K 

3^... 

,16 

IJ 

- 

.. 

Letwth 
-cTon 
mches 

of 

ind. 

Peerless,  two-columa.  iteam  and  water 

•a 

jd 

3 

*H 

4 

S»' 

IK 

he  figures  in  the  above  oitiuuH  In  line  with  the  nj 
I  the  beidhli  in  whkh  Ibe  vaiknu  tntteiuafe 
the  amouDt  of  heatinf  .turface  contaiiwd  ia  caci 

al  IcD^  of  the  radiator,  mtdtiply  the  length  per : 


made.    The  6^ 

brihtu 


Table  IX.    Amerlcaa  Rococo  WaD-Radiatora 

Ratinfaand  m 


T' 

Width. 

Tbiekr»«. 

ThkkiUH 

(with 
bracket). 

Heatic* 
ntfua. 

I6M 

13  ♦^^ 

>jSi. 

7-AiindT-B.... 
»-A>nd9<B.... 

> 

.  13.    PiMto  SiDgk-columo  Pnsicd  Mcul  Radiitnr 

these   radiBlora  are   shorter   than   cast-iron   radiators.    beinB 
d  of  iM  in,  center  to  center  of  sections. 
oQ  Radialioll  is  largely  used  in  manufacturing  establishments 
ade  up  o(  iSi  or   i?i-in  pipe  screwed  into  cast-iron  manilolds 
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Table  X.    Pietto  Siotl*-C<>lBdui  PhMt  at  Win-Radlalon  for  S 


E» 

b  Kclion  is  4H  iD  im 

i..   I 

*gi 

preu! 

sH 

n 

Number 

Leneih  • 

■  Win 

Heatiui 

..^^. 

QXluuelKI 

3jin 

26  m 

Hin 

lain 

14  in 

o( 

high 

high 

high 

high 

high 

hi,* 

jsqft 

issqft 

1.3  »qf' 

..isqft|o.9«ift 

0.7«l 

SEciion 

section 

WClM. 

, 

e 

g 

6,o 

4.4      1      3  6 

1 » 

I 

JM 

!° 

6 

I 

* 

;j 

S 

■oM 

16 

III 

■» 

« 

; 

I3M 

10 

IS 

10 

■  so 

■  3-0 

II. 0 

9.0 

7-0 

•  Length  of  radiitor  o 
Legt  HIT  drtachable  a: 


Fig.  It.    Direct-indirect  Ridiitor-iiiitanstiDo 

CaeOdents  of  Tiansmiuioa  (or  Direct  SWam-RadUtMs.     Titk  I 

is  based  oa  the  aven^  peHormRncc  of  direct  steftnt-mdiators  t^n*tii^  expoi 
in  still  air  at  70°  F,  with  stem  at  130°  F.,  ot  i-lb  presaucc,  with  a  lUDdi 


Radiation 
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voce  of  150*.    In  order  to  apply  the  coedideiits  given  in 
litioDS  other  than  standard,  it  is  only  necessary  to  know  the 

Plpe-Goil  Eadlaton  and  OonnectioDS 

Air-VftlT«, 


forWatM 


) 


Porting 

^^,,-— -  Bxpan»lon-BolU 


Steol  or  W.L  P1p«i 


-Hook'PlatM 


tM>t«Bcd  to  WalU 


■  Dirt-Pocket 

(Capped)      Badlator  for  Two-Pipe  Low-PrMsnre 

Steam-Systeon. 

Orftde  Dowa 


Air- Valve  her* 
foe  Water 


Radiator  for  Two-Pipe 
Vacuum  Steam-System,  Divided  Surface. 
Tabu 


-Uapea 


3 

Opaa 


3 


2H'' 


V'lH' 


IM' 


N«. «(  Bruchts 


Slo     Sto 

•     I  M 


2fo( 
16 


IV 


»Xi; 


IM" 


re-e 


IVi' 


i3r-iHl  r 


ih 


Nei  of  Bnschn 


Ste 
M 


3  to  3  U> 
16     16 


latid*  DiuBt. 


2jr      TW     2K 


2'// 


34 "  <^-c 


lUlM 


H'-riaHH  3" 
L-J 


No.  ol  BiMcbn 


3to   :3to 
12     I  12 


3  to 
12 


Ittfidc  DisBia 


2W"-  |2>4"^?i1»H' 


4H' 


Ruat 


r  2>f-3"3H 


NowelBiaacbM 


3to 
10 


Sto 
10 


Iiol 
M 


iHMh 


ZW    IH" 


Nom.    AH 


ia  Bnach-Twt  for  eimiletian  ^m  topped 


i*'h:s. 

r"'H.8. 

I^H.8.  tftOK  liie  ••  bnacbM,  wdoi  othcrwiw  oidcnd. 

Fig.  15.    Pipe-con  Radiation-data 

given  increase  or  decrease  in  the  temperature-range  above 
tandard  range.     An  examination  of  test-data  so  far  avail- 


richthead. 

Bnacb-TM*  lor  Boa  God*  ere  alwayo  Uppod  Ml  head 
^amhM  aad  rickt  head  ia  back  iolci. 

The  ma  aad  hock  nyiaat  of  Branek-Tioi  ■«  toppod  1 

Miar  MBO  as  DffaB€MOb  vaiflii  oftacrwtfr  ordcrod. 
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able  seems  to  indicate,  that  this  variation  is  nearly  0.3%  per  degree  above 
below  the  standard  range  of  150^.  Thus,  if  a  three-column,  aS-in  hi^  din 
radiator  is  to  be  used  in  a  room  kept  at  6q^  F.,  with  steam  at  330**,  we  wo 
have  a  temperature-range  of  170**  or  20**  above  standard,  and  the  value  d 
would  become 

K  -  (i.ss  +  0.002  X  20  X  1-55)  -  I -fix 
and  each  square  foot  of  radiation  would  give  off  i.6x  X  170  «  274  Btu  per 

Table  XT.    Values  of  K  for  Direct  RadlatorB 


1 

Type  of  radiator 

Height  of  radiator 

1                      t 

^^  *?^            36  in       ;       33  in              38  in 

32  m      1                     1      •*               ,      -» 

One  column 

1.9s       I       X.90              1.8s        '       1.80 

I .80                  I . 7S                   *    "*                   »   fi« 

Two  columns 

Three  columns 

1.70                  I.6S 

X.60        1.5s 

I . CO                       X    AC 

Four  columns 

1 . 60                 I . SS 

Flue.  42  sq  ft 

Window 

1 

iM    : 

r.57« 

Wall  (horizontal) 
Wall  (vertical) 
Pipe-coils 


x.gs 

r.90 
3.00 


*  Air  entering  flues  at  70**  F.  and  leaving  same  at  152*  F.     Allen. 
K  increases  (i)  as  height  of  radiator  is  redaced  and  (3)  as  number  of  cofaimia 
width  of  radiator  decreases. 

Coefficieiots  of  Transmission  for  Direct  Hot-Water  Radiaton.  Table  \ 
may  be  used  for  values  of  K  for  hot- water  radiators  of  the  same  tyjie as  tki 
listed,  but  allowance  should  be  made  for  the  lower  temperature-raa^  in  hi 
water  heating.  Thus,  with  a  room  usually  at  70°  F..  and  water  at  180°  entcd 
and  at  160**  leaving  the  radiator,  the  temperature-range  is  only  xoo^,  or  50*1 
than  the  standard  range.  Then  for  a  two-column  26-in  high  direct  radtil 
the  value  of  K  becomes 

R  *  (i-7S  -  OJ303  X  so  X  1.7s)  ■■  1-58 
and  each  square  foot  of  this  radiation  gives  off,  x.58  X  100  «  158  Btu  per  hi 
Concealed  Radiators.  The  effect  of  placing  a  grill  in  front  of  a  div 
radiator,  with  a  cover  over  the  top,  reduces  the  heat-emission  by  appfoiimai 
30%.  A  clear  space  between  the  radiator,  wall  and  enclosure  sliould  not 
less  than  2H  in.  Concealed  radiators  are  not  looked  upon  with  favor  frail 
strictly  sanitary  point  of  view. 

The  Usual  Assumptions  Made  for  the  He^t-Tnuisniisaioii  of  Dn 
Radiation  is  350  Btu  per  sq  ft  per  hr  for  low-pressure  steam  (2  lb)  cast-iron  n 
ators,  and  150  Btu  per  sq  ft  per  hr  for  cast-iron  hot-water  radiators  with  t 
water  at  180^.  The  square-foot  rating  of  heating-boilers  is  based  on  the  abe 
figures.  For  more  exact  values  use  the  data  given  in  Table  XI.  Accortfin^ 
a  hot-water  installation  requires  66^%  more  radiation  than  a  lowpicssi 
steam  system. 

Example.  It  is  required  to  determine  the  amount  {R)  of  direct  cast-a 
radiation,  low-pressure  steam  and  hot  water,  to  supply  a  heat-loss  of 

U  »  10  000  Btu  per  hr 
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Smi.   For  the  direct  steam  system 


jR   m  H/iSO  '-40  8Qft 

a  direct  hot-water  system 

R  -  H/isd  -  66K  sq  it 

ee-oolumn  cast-iron  radiator,  38  in  high,  is  to  be  used,  the  heating-surface 
ii  is  5  sq  ft  per  section,  it  will  require  40/5  »  8  sections  for  the  steam- job, 
the  length  of  radiator  equal  to  8  X  2  H  »  20  in. 

Fuels  and  Combustion 

location  of  Fuels.    Fuels  arc  generally  classified  as  solid,  liquid,  and 
Solid  fuels  are  coal,  wood,  and  wastes.    Liquid  fuels  are  petroleum 
products.    Gaseous  fuels  are  natural  and  artificial  gas. 

Fields  in  the  United  States.  Most  of  the  anthracite  is  found  in  beds 
han  500  sq  miles  in  area  located  in  eastern  Pennsylvania.  The  prin- 
posit  of  semibi luminous  coal  is  about  300  miles  long  by  20  miles  wide 
ilong  the  eastern  edge  of  the  Northern  Appalachian  6eld.  The  bitumi- 
is  extend  from  this  deposit  westward.  A  little  graphitic  coal  is  found 
:  Island. 

Mition  of  Coal.  The  uncombined  carbon  in  coal  is  known  as  fixed 
Some  of  the  carbon-constituent  is  combined  with  hydrogen,  and  this, 
with  other  gaseous  substances  driven  off  by  the  application  of  heat, 
t  portion  of  the  coal  known  as  the  volatile  matter.  The  fixed  carbon 
'olatile  matter  constitute  the  qoubustible.  The  oxygen  and  nitrogen 
I  in  the  volatile  matter  are  not  combustible,  but  custom  has  applied 
I  to  that  portion  of  the  coal  which  is  dry  and  free  from  ash,  thus  includ- 
rygen  and  nitrogen  in  the  combustible. 

Icatioii  Of  Coals.  Coals  may  be  classified  according  to  the  percentages 
9irfoon  and  volatile  matter  contained  in  the  combustible. 

Table  XH.    ClaaaiflGation  of  Coals  (Keat) 


e  of  coal 

Pweentages  of  combustible 

Btu  per  pound 
of  combustible 

Fixed  carbon     |   Volatile  matter 

ite 

1 

97.0  to  92.5                     .^.OtO      7.^                Id  600  to   I /I  800 

hracite   .... 
iminous  .  .  . 
ous.  East. .  . 
Dus  West. .  . 

9a.Sto  87. S 
87.5  to  75. 0 
75.0  to  60.0 
65.0  to  50.0 
50 . 0  «nd  under 

7.Sto  12. S 
X2.5  to  25.0 
25  0  to  40.0 
35.0  to  50.0 
50.0  and  over 

14  700  to  IS  500 

15  500  to  16  000 
14  800  to  IS  300 
13  500  to  14  800 
X I  000  to  X  3  500 

. 

tetrio  Detennin«tioB8*  The  only  accurate  and  reliable  way  to  deter- 
teating-vahie  of  a  fuel  is  to  do  so  experimentally  with  a  calorimeter. 
jelft,  the  BOMB-CALORiitETEa  is  the  most  practical.  The  various  types 
rket  include  the  Mahler,  the  Hempel,  the  Atwater  and  the  Emerson, 
ist  essentially  of  a  tight  vessel  containing  a  weighed  sample  and  oxygen 
sure.  This  receptacle  is  placed  within  another  vessel  containing  a 
ght  of  water  and  surrounded  by  heat-insulating  material  to  minimiza 
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radiation.  The  sample  is  exploded  electrically,  and  the  heat  absorbed  bf  i 
surrounding  water  is  determined  by  means  of  a  very  accurate  thermon 
reading  himdredths  of  a  degree.  Correction  has  to  be  made  for  the  heat ) 
sorbed  by  the  instrument  itself,  and  for  radiation. 

For  a  complete  description  of  calorimeters  and  their  use,  see  Carpenter  i 
Diederichs'  Experimental  Engineering.  . 

Calorific  Value  by  PormuU.  The  following  expttasaoa,  known  as  Dn  LoH 
FORMALA  for  heating-valuc  per  pound  of  coal,  can  be  used  if  the  iiltini 
chemical  analysis  of  the  fuel  is  known: 

P  mi^eooC  +62000  (H  -HO)  +40oo5 

where  C,  H,  0,  and  5  represent  the  proportionate  parts  of  each  element  per  i 
of  fuel,  and  F  denotes  the  heat-value  in  Btu  per  pound  due  to  combusti 
This  formula  does  not  apply  when  the  fuel  contains  carbon  monoxide,  CO,  I 
can  be  made  to  apply  by  adding  a  term,  10  150  C,  in  which  C  is  the  proportion 
part  of  carbon  burned  to  the  monoxide. 

Example.  The  application  of  the  formula  to  a  coal  of  ultimate  analysis 
here  given  follows: 

Analysis  (based  on  fuel  as  received) 


c 

74-79% 

H 

4.98 

0 

6.42 

N 

Z.20 

S 

3.24 

H>0 

1.55 

Ash 

7.82 

100.00% 

Then  by  Du  Long*s  formula,  14  600  X 07479  +  ^^ 000 (041498  —> Ouo64^ 

+  4  000  X  0.0324  »  13  650  Btu  per  i  lb  of  coal. 

A  bomb-calorimeter  test  showed  13  480  Btu  for  this  coal.  The  formula  ii 
to  allow  for  evaporating  and  superheating  the  moisture  present  in  the  fuel. 

Combustion  of  Fuel.  Combustion,  as  used  in  steam-engineering,  stgnifie 
rapid  chemical  combination  between  oxygen,  and  the  carbon,  hydrogen,  a 
sulphur  composing  the  various  fuels.    This  combination  takes  pJaoe  usually 

Table  XnL    Theoretical  Amount  of  Air  Required  for  Comlraalioa 


Fuel 


Composition  by  weight 


%C 


Wood -charcoal , 

Peat-char'  oal , 

Coke , 

Anthracite  coal 

Bituminous  coal,  dry 

Lignite 

Peat,  dry 

Wood,  dry 

Mineral  oil 


930 
80.0 
94.0 

91-5 
87.0 
70.0 
58-0 
50.0 
85.0 


%H 


3.5 
SO 
SO 
6.0 
6.0 
13.0 


%o 


2.6 
4.0 
20.0 
31.0 

43-5 
l.o 


Lb  of 

air 
lb  of 
fud 


XI. 16 

9* 
xo.S     ! 

11.7     , 
IX. 6 

?!. 

6.0*1 


oieam-'Xicaunjg  j>oucn  ana  xiui-vvaicx  xAcaLus 

tmipenture  with  the  evolution  of  light  and  heat.  The  si 
;  with  the  oxygen  is  known  as  the  combustible,  and  if  it 
d  or  oxidized  the  combustion  is  perfect,  that  is,  no  more  < 

up  by  the  products  of  the  reaction.    The  combustion  is 
pfete  when  carbon  bums  to  form  carbon  monoxide,  CO,  i 
t,  COs,  since  the  former  may  be  further  burned  to  form  cai 
xssaiy  oxygen  is  supplied.   It  is  necessary  to  provide  for  an  i 
)umiiig  coal  under  either  natural  or  forced  draft,  amountii 

50  to  100%  of  the  net  calculated  amount,  or  about  18  to  : 
Less  air  results  in  dcpertect  coicbustzon  and  smoke,  while  f 
t  and  setting  and  carries  away  a  huge  percentage  of  the  he 


CIV.    Weifl^t  and  Calorific  Value  of  Various  Gases  at  St  De 
heit  and  Atmospheric  PrMsure,  with  Theoretical  Amount 

Required  tot  Combustion 


Symbol 

Cubic  feet 

of  gas 
per  pound 

Btu 

Oaa 

Per 
pound 

Per  cubic 
foot 

tgen 

H 

CO 

CH4 

CiH« 

CtH4 

CiHt 

178.0 
13. 61 
32.4 

13. 0 

13.8 

13.79 

62  000 

4380 

33843 

33  400 

ax  430 

21  430 

348 

a  monoxide. . . 
ne 

342 
X  065 

»,,... 

1865 
X  67s 

ne «... 

enc . .  . « 

1555 

Storage.  Space  for  fuel-storage  must  be  based  on  fuel-coi 
5  fstimatjed  under  Fuel-Consumption,  page  1278,  and  ii 
.  it  is  customary  to  proportion  the  storage-space  on  the  b 
LTea  per  ton,  the  storage-space  being  made  ample  to  fa 
supply. 

Uowing  volumes  per  ton  ol  2240  lb  of  coal  are  given  for 
lace: .  bituminous  coal,  41  to  45  cu  ft,  and  may  run  as  hig 
e  coal,  34  to  41  cu  ft;  charcoal,  12s  cu  ft;  <  coke,  70.9  cu 
based  on  fuel  broken  down  ready  for  market.    Also  j 
>  lb  and  x  bushel  soft  ooal  «  76  lb. 


Steftm-Heatiag  BoOers  and  Rot- Water  Heaters 

res,  Attentioxi,  and  Materials.   Heating-boilers  usually 

XR  PUESSUSE  than  do  power-boilers,  and  in  most  cases  r 

Xhe  steam-boilers  are  usually  designed  to  operate  on  f; 

:ssrrsE,  and  the  water-boilers  or  hot- water  heaters  an 

hydrostatic  head  in  excess  of  100  ft  when  in  operation. 

these  boilers  is  of  such  an  intermittent  character  tl 

heating-load  for  comparatively  long  periods  without  I 
y  range  from  6  to  10  hrs  and  in  consequence  the  com! 
elatively  large  grates  and  fire-pots  are  necessary.  Tl 
for  constructing  heating-boilers  are  cast  iron,  espe< 
although  boilers   of   nearly  100  equivalent  steam 

Kiting  of  Heating-Boilers)  are  made  of  this  same  i 
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8TEEL  or  WKOriGRT  IRON,  which  are  more  generally  used  in  the  luger  nes.  T 
government  departments  usually  specify  steel  beating4x}ileis,  and  they  ait « 
extensively  in  office  and  loft-buildings  as  well. 

Boiler  Heating-Surface.  The  cM^Acrry  of  any  boiler  or  water-heater  dcpec 
on  the  amount  of,  and  the  temperatures  on  the  opposite  sides  of,  the  he 
transmitting  surfaces  in  contact  with  the  water  in  the  boijer  on  one  side,  and  1 
fire  or  hot  gases  on  the  other.  It  is  most  important  that  a  rapid  circidatioQ 
water  and  the  hot  gases  shall  take  place  over  these  surfaces,  and  preferably 
opposite  directions.  Two  kinds  of  surface  are  distinguished  in  boiler-practi 
and  known  as  direct  and  indirect  surface.  Direct  surface  is  that  en  wfci 
the  fire  shmes,  and  indirect  that  in  contact  with  the  flne-gaaes  only.  Afl  sn 
surface  must  have  water  on  the  opposite  side.  In  some  boilers  the  hot  gm 
axe  allowed  to  come  in  contact  with  the  boiler-surface  above  the  water-li 
so  that  there  is  only  steam  in  contact  with  this  surface  on  the  inner  side.  Su 
surface  is  known  as  supERHEAXiNG-SuaFACE  in  order  to  distin^^sh  it  fn 
ordinary  heating-surface.  Direct  sxiiface  is  the  more  valuable  of  the  two,  | 
square  foot,  as  it  is  usually  subjected  to  a  hi^^er  temperature,  and  furthenn 
because  the  intensity  of  radiation  from  an  incandescent  surface  appears  to  vi 
as  some  power  of  the  temperature  of  that  surfacQ,  either  the  thkd  or  foun 

Equivalent  Bvapoxmtion.  The  equivalent  evaporation  of  a  boiler  is  t 
pounds  of  water  the  boiler  would  evaporate  per  pound  of  coal  burned  if 
received  the  feed-water  at  212°,  and  evaporated  it  into  steam  at  this  same  ti 
perature  and  pressure,  so  that  the  evaporation  would  take  plade  ntOM  Aim] 
2X3®  F.  In  practice  the  feed- water  is  usually  beVow  this  temperature  a 
evaporation  actually  takes  place  at  some  higher  temparatnie  than  212°.  Hca 
to  find  the  EQxnvALENT  evaporation  it  is  always  necessaiy  to  make  nae  d  i 
following  relation: 

971.7 

where  the  fractional  part  of  the  expression  is  known  as  the  FACioa  or  cfj 
oration;  so  that 

E  ■■  factor  of  evaporation  X  P 

E  -•  equivalent  evaporation  from  and  at  912*  F^  m  poiuida; 
X9  ■>  quality  of  steam  as  actually  evaporated;  1 

fs  —  latent  heat  of  steam  as  actually  evaporated;  \ 

0  ■>  heat  of  the  liquid  as  actually  evaporated; 
q\  ■>  heat  of  the  liquid  as  actually  fed  to  boiler; 
P  "  actual  evaporation  in  pounds  per  pound  of  fud  burned; 
971 . 7   -  latent  heat  of  steam  at  91  s  **  F. 

Boiler  Horae-Power.  A  boiler  horse-power  is  the  energy  reqnind  to  cd 
orate  34.5  lb  of  water  at  212**  F.  into  dry  steaic  of  212^  F.,  or 

971,7  X  34-5  -  33  5^4  Btn 

The  HORSB-XK)W£R  RATING  of  a  boiler  is  always  measured  in  terms  of  the  eqi^ 
lent  evaporation.  Thus,  if  we  divide  the  equivlaent  evaporation  oI  a  m 
by  34-5  we  get  the  boiler  horse-power  developed.  j 

Boiler-Effidanciet .  Heating-boilers,  operated  at  their  rated  capftdty,  \ 
show  an  efrciency  of  from  55  to  65%.  This  (ffidency  ia  the  ratio  of  I 
absorbed  per  pound  of  dry  cool  by  the  water  and  sieam  in  the  boiier  to  the  ad 
heat-vahie  of  one  pound  of  the  coal,  and  is  the  oombimsd  BmctEHCv  of] 
boiler  and  furnace.  j 
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\et  of  Conbuttion  for  Heatiiig*Boll«rs.    Combustion-rafes  for  yaryiiig 

4  grates  are  given  in  Table  XV : 

Table  XV.    Coinbustion-IUtes 


^rate-areas 

Coal  per  square 

foot  per  hour,  in 

pounds 

Remarks 

iq  ft  or  lees 
(small), 
•-I0  sq  ft 
raedinm), 
1  ft  or  larger 
(large). 

5 

S.7 
6.6 

A  variation  of  io%  up  or  down 
from  these  rates  is  perfectly  safe. 
The  higher  values  are  for  f ull-si£ed 
chimneys  with  lined  flues  and  the 
lower  for  unlined  flues  or  long 
breeching-connections. 

to    8sqft 

to  z8  sq  ft 
to  30  sq  ft 

4 

6 

zo 

(Am.  Soc.  H.  and  V.  E.  Com.  1909.) 
Rates  of  combustion  reported  for 
anthracite  coal,  as  fired  in  inter- 
nally  fired  heating-boilers.  See 
Transactions  for  further  details. 

If  of  HoatiBg-BoOorB.  Standard  Conditions.  It  is  the  general  cus- 
AmericaA  manufacturers  of  heating-boilers  to  rate  their  boilers  in  terms 
umber  of  square  feet  of  standard  direct  cast-iron  radiating-surface  whidi 
er  is  capable  of  supplying  under  the  following  conditions: 
team  boilers;  steam-pressure  a-lb  gauge  at  boiler. 
'ot-water  bailers;  water-temperatures:  iBo'*  F.  leaving,  and  160*  F. 
boiler. 

lid;  anthracite  coal  of  stove-size. 

ATE  aw  COMBUSTION,  or  amount  of  coal  necessaiy  per  hour  for  the  boilef 
3p  its  rating  has,  until  recently,  seldom  been  given;  and  the  method  of 
dug  the  rating  has  varied  with  different  makers  and  is  seldom  stated. 
T,  it  is  possible  for  a  boiler  to  be  placed  on  the  market  and  assigned  a 
atias  although  such  rating  has  never  been  actually  checked  by  test. 
)re  becomes  most  important  to  not  only  establish  standakd  cOMDmoNS 
NC'T£STS,  but  to  require  the  manufacturer  to  be  in  a  position  to  pro- 
tified  test-sheets  of  such  tests  for  his  line  of  boilers.  The  standabo 
NS  under  which  a  boiler  should  be  tested  to  develop  its  rating  are  gea- 
derstood  by  the  manufacturers  at  the  present  time  to  be  as  follows: 
sasure,  temperature  and  fuel  as  stated  above. 

el-capadty  to  be  sufficient  to  carry  the  boiler  from  6  to  8  br  on  one 
id  leave  20%  reserve  for  igniting  fresh  charge. 

aft  of  sufficient  intensity  to  bum  the  fuel  at  the  reqiured  rate.    A 
not  less  than  40  ft  in  height  is  recommended. 

dh  sQuare  foot  of  direct  cast-iron  radiation  has  a  transmission-value  of 
EUid  150  Btu  per  hour  for  steam  and  water-radiators  resi)ectively. 
*  condensation  from  steam-radiators  returns  to  the  boiler  at  the  same 
ire  as  the  steam,  or  without  loss  of  heat,  so  that  the  boiler  simply  sup- 
itent  heat  of  evaporation  at  2  lb  pressure,  or  967  Btu  per  lb  evaporated. 
t  if^ater  from  hot-water  radiators  returns  to  the  boiler  at  160**,  allowing 
;>  in  the  radiators,  so  that  there  is  no  loss  in  temperature  allowed  in 
-main. 

able  heat-allowance  must  be  made  for  all  connecting  piping  and  boiler- 
id  such  suziiace  must  be  6gured  as  radiating-surface  or  its  equivalent. 
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A  general  rule  is  to  add,  for  an  ordinary  installation,  about  50%  of  the  sq  ft 
radiation  installed,  in  calculating  the  total  load  on  the  boiler,  with  anthrtt^ 
fuel  and  65%  with  bituminous  fuel,  to  allow  for  radiation-loss  of  piping  and  bod 
and  the  additional  tax  on  the  boiler  due  to  starting  up  with  cold  radiatioD. 

Equivalent    Boiler    Horee-Power    Rating    of    Heating-BoOen.    1 

capacities  of  heating-boilers  may  be  stated  in  boiler  horse-power,  and  the  equii 
lent  of  same  in  square  feet  of  standard  radiation  may  be  easily  determined 
follows: 

Since  i  boiler  horse-power  is  equal  to  34.5  lb  of  water  evaporated  per  ha 
from  and  at  212*'  F.,  the  boiler  must  deliver 

34-5  X  971-7  (latent  heat  at  212°  F.)  ^33  524  Btu  per  hr 

Now  since  i  sq  ft  of  standard  cast-iron  steam-radiation  transmits  250 1 
per  hour, 

X  boiler  horse-power  >  33  524/250  »  134.1  sq  ft  of  this  radiation,  ox 

I  sq  f t  of  direct  cast-iron  steam-radiation  «  0.00756  boiler  horse-power 

It  also  follows  that  the  equivalent  boiler  horse-power  rating  of  a  hot-vi 
heater  is 

33  524/150  «  223.5  sq  ft  of  direct  cast-iron  hot'Water  radiation,  or 

I  sq  ft  of  direct  cast-iron  hot-water  radiation  •■  0.00447  boiler  lioise-poiia 

Grate-Snrface.  It  is  alwajrs  ad\isable  to  check  the  grate-area  xeqciI 
/or  heating-boilers,  especially  if  the  total  heat-loss  to  be  supplied  by  the  In 
fe  known.  This  total  heat-loss  must  include  not  only  the  calculated  loss,  i 
to  transmission  through  walls  and  glass,  for  which  the  radiation  is  proportiaii 
but  also  about  50%  additional  for  heat-losses  from  the  piping  ^-stem.  bol 
.etc.     So  that,  if  H  is  the  building-loss  in  Btu,  1.5  i7  «■  total  Btu-kns. 

Then 

G  -  i.sS/{C  XF  XE) 

where  C  «  rate  of  combustion  in  pounds  of  dry  coal  per  square  foot  of  gi^ 
area  per  hour,  F  «  calorific  value  of  fuel  in  Btu  per  pound  of  dry  coal  (12  ( 
is  the  usual  assumption  for  anthracite  coal),  and  E  «  the  combined  efficienq 
boUer  and  grate  (60%  is  the  usual  assumption).  G  is  in  sq  ft  and  the  bd 
selected  should  have  not  less  than  this  grate-area.  Special  attention  b  cal 
to  the  distinction  between  crate-area  and  fire-box  or  fuel-pot  area 
explained  below  under  Depth  of  Fuel-Pot. 

Depth  of  Fuel-Pot.    The  average  of  the  fire-box  area  is  usually  somed 
larger  than  the  grate-area  in  sectional  boilers,  while  it  may  be  less  than 
grate-area  in  certain  tj^pes  of  round  boilers.    In  any  event  the  capacity  of 
fire-box  or  fuel-pot  from  grate  to  middle  of  fire-door  should  always  be  1 
ficient  to  hold  all  the  coal  required  for  an  8-hr  firing-period,  plus  at  least  s 
reserve  to  be  used  for  igniting  a  fresh  charge. 

The  following  method  is  used  to  determine  the  depth  of  pot  or  the  fiiing-pil 
as  the  case  may  be.  Let  G  -  grate-area  in  sq  ft,  C  -  rate  of  combustion,  A 
average  area  of  fire-pot,  h  —  firing-period  in  hours,  W  »  weight  of  fuel  per  0 
(50  lb  for  anthracite  and  40  lb  for  bituminous),  D  *  depth  of  fuel-bed  m 
Then  {GC  h)  -h  20%  (allowance  to  ignite  fresh  charge)  «  total  weight  of  < 
charge;  also,  A  WD  »  total  weight  of  one  charge.    Uenoe 

D  -  i.2GQh/AW,  or  A  -  AWD/i.iGC 
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loted  above  D  is  measured  from  grate  to  center  of  fire-door,  which  varies 
}  X  14  in  in  small,  to  11  X  19  in  in  large  boilers.  This  formula  allows 
greater  bulk  of  soft  coal. 

Bple.    Given  a  boiler  with  grate-area  of  8  sq  ft,  average  area  fire-pot 
height  to  center  of  fire-door  -  18  in,  rate  of  combustion  -  6  lb  per  sq  ft 
e  for  anthracite  coal.    Required  the  nimsber  of  hours  this  boiler  will 
ts  load  on  one  charging. 


ion. 


A  -  (9  X  50  X  i.s)/(i.2  X  8  X  6)  -  11.7  hours 


:tB  of  Fuels  on  Ratings.  All  ratings  are  based  en  anthracite  coal  or 
SIZE  unless  otherwise  stated.  In  case  bituminous  coal  is  used  and  the 
s  selected  by  catalogue-rating,  a  boiler  with  fire-pot  having  at  least  25% 
capacity  should  be  selected,  for  the  same  weight  of  coal  occupies  25% 
Mice,  ^th  SOFT  COAL  additional  heating-surface  is  also  required  as  the 
lation  of  soot  from  such  coal  renders  the  heating-surfaces  less  efiFective 
Eien  hard  coal  is  used.  Boilers  for  pea-coal  should  also  have  a  larger 
than  those  for  stove  or  furnace-coal.  The  suall  sizes  or  AirrHRAcnE 
far  more  ash  than  the  larger  sizes,  and  hence  have  a  greater  bulk  for  the 
ating  e£Fect;  so  that  larger  fuel-pots  for  the  same  capacity  are  required. 
PEJIIODS,  differing  from  the  one  on  which  the  boiler  is  rated,  will  also  affect 
holding  capacity.  For  example,  if  it  is  required  to  operate  a  certain  line 
a  designed  for  an  8-hr  period  on  a  12-hr  basis,  at  least  50%  greater  fuel- 
capacity  will  be  necessary  and  a  larger  boiler  must  be  selected,  as  shown 
>rmula  already  given  for  the  depth  of  the  fuel-pot. 

alent  Rating  for  ConditionB  Other  than  Standard.  If  often  happens 
load  connected  to  a  steam- or  hot- water  boiler  may  not  be  operated  under 
dard  conditions  previously  assumed  as  a  basis  of  rating.  In  this  case 
'  ratings  cannot  be  used  until  the  equivalent  value  of  this  load  in 
square  feet  of  standard  cast-iron  radiation  has  been  determined. 
llowing  relations  show  a  method  for  finding  such  equivalent  values: 
ss  sq  ft  standard  cast-iron  radiation  ■*  250  Btu  per  sq  ft  for  steam,  and 
per  sq  ft  for  water.    Also  let 

r  —  actual  sq  ft  of  radiation  to  be  supplied; 
K  ""  coefficient  of  transmission  for  this  radiation; 
»r  tw  "■  temperature  of  steam  or  average  temperature  of  hot  water  in 
the  radiator; 
ta  ■*  temperature  of  air  surrounding  radiator; 
/a)   "■  radiation-factor  or  Btu  given  off  per  sq  ft  per  hr; 

J?,  —  rj  X  Ki{t9  -  ta)/2So,  and  Rw  "  ft  X  Kt^iu  -  /a)/iSo 

B.  (Steam-heating.)  Required  the  size  of  boiler  (rating  in  sq  ft  of 
cast-iron  radiation)  to  supply  i  000  sq  ft  of  direct  pipe-coil  radiation. 
>s9ure  •-  s-lb  gauge.  Air  —  65®  F.  K  (by  test)  •■2.42  Btu.  From 
les,  is  ■-  227.14,  R  -  I  000  X  2.42(227.14  —  65)7250  -  I  000  X 
S2. 14)7250  ->  I  570  sq  ft.  To  this  add  50%  for  pipe  and  boiler- 
and  the  additional  tax  for  starting  up  with  cold  radiation,  or,  1.5  X 
3SS  SQ  ^t,  or  practically  a  2  400-sq-ft-capadty  boiler  will  be  required. 
i   should  be  checked  by  calculation  previously  given  to  ascertain 

G  -  i.5^/(C  XF  XE> 
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Bxampfo.  (Water-heatiiig.)  Let  Q  m  total  number  of  gal  of  water  to  1 
heated  in  h  hours. 

W  —  (8H  XQ)/h  »  weight  of  water  to  be  heated  per  hour 
ti  «  initial  temperature  of  water,  h  *•  final  temperature  of  water 

Then  W{tt  —  h)  =  Btu  to  be  supplied  per  hour.    Hence  pr(/«  —  /i)/iso  -ho 
water-heater  rating  required.    W{h  —  h)/2So  *-  steam-boiler  rating  require 

Example.  A  swimming  pool  contains  50  000  gal  of  water,  and  this  water 
heated  by  being  passed  through  a  hot-water  heater  in  four  hours.  Enterin 
temperature  -  50*  F.  and  final  temperature  »  75®  F.  Hot-water  radiatii 
reduced  to  equivalent  standard  value  -  [(50  000  X  8H)/(4  X  150)! 
(75  —  50)  «  17  350  sq  ft  a  rating  of  hot- water  heater,  to  which  must  be  add 
50%  for  losses  from  piping,  etc. 

Fttel-Consumption.  The  esthcaied  fuel-consumption  for  heatw 
BOILERS  per  heating-season  may  be  based  on  grate-areas,  square  feet  of  radiatic 
installed,  or  cubic  contents  of  building  to  be  heated.  The  United  States  Tteasu 
Department  allows  5  tons  of  coal  per  sq  ft  of  gmte-area  per  season  of  240  da] 
or  I  lb  of  coal  per  cu  ft  of  contents  of  building  for  the  same  period.  Ti 
applies  to  government  buildings.  The  district  steam-heating  companies  estima 
500  lb  of  steam  per  sq  ft  of  direct  steam-radiation  per  season,  which  is  pcactical 
the  same  as  70  lb  of  coal  of  good  quality.  This  is  approximate^  equivaknti 
assuming  that  one-third  of  the  radiation  installed  is  in  operation  continuously  I 
240  days.  In  other  words,  the  coal  required  for  a  heating-season  is  about  oi 
third  the  quantity  that  would  be  used  if  all  the  radiation  were  in  constant  Q 
every  hour  of  the  day  ahd  night.  The  amount  of  coal  for  maximum  oonditia 
is  determined  as  follows: 

Since  each  foot  of  direct  steam-radiation  or  its  equivalent  wHI  give  off  2, 
Btu  per  hour  under  conditions  of  2  lb  (220")  pressure  at  boiler,  and  70*  air  si 
rounding  the  direct  radiators  (the  piping  on  the  average  job  may  be  rougk 
taken  as  25%  of  the  direct  radiation);  and  since  for  approximation  we  m 
assume  3  000  Btu  per  pound  of  anthracite  coal  burned;  we  can  readily  esdou 
the  amount  of  coal  per  hour  M  R  »  amount  of  direct  radiation  in  square  fei 

(1.25  xR  y.  2.5o)/8  000  «  C  ■■  coal  per  hour  in  poimds 

In  a  heating-season  of  7  months  or  210  days  of  24  hours  each,  there  would 
burned  under  maximum  conditions  during  the  entire  period 

(1.25  X  i?  X  250  X  210  X  24)/(8  000  X  2  000)  -  o.o9a4R  tons  of  cmI 

the  actual  consumption  being  about  one-third  of  the  maximum  posstbk, 
0.0328  R  tons  of  coal  for  the  heating-season.     For  hot- water  heating  the  M 
consumption  for  the  entire  season  is  approximately  0.0197  R  tons. 

'  Types  ol  Heating*BoOers.  Cast-iron  steam-heating  boikn  are  designed 
be  operated  at  a  maximum  pressure  of  15  lb  per  sq  in,  and  the  sectioiis  are  test 
by  the  manufacturer  to  about  100  lb  per  sq  in,  hydrostatic  pressure.  Cast-a 
boilers  are  constructed  of  sections,  which  are  connected  by  means  of  nippks 
either  the  push  or  screw-type.  The  sections  are  held  in  place  by  means  of  ll 
bolts.  Round-type  boilers  have  horizontal  sections  surroundhig  the  fire-p 
and  in  the  sectional  t3rpe  the  sections  are  placed  vertically.  (See  Figs.  16. 1 
and  18.)  The  maximum  size  of  round-type  boilers  manufactured  is  rated 
about  I  400  ft.  Sectional  boilers  are  obtainable  up  to  a  10  ooo<«Q-ft'4at& 
See  manufacturers'  catalogues  for  capacities,  dimensions,  etc.) 
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ik*lni  «c  Down-Drafl  CMl'4raa  Boikn.  Boilen  hiving  r  wster-gnte 
V  being  made  bir  Uie  with  frM-buming  aoft  nol.  nhen  local  ViuAs- 
aa»  wmU  not  penut  tlie  uw  of  nich  fuel  on  M'diuuy  grtlM. 


F%.ia.    S«cliOB«t  Typt  of  Cut-boa  B(dlu 


3r  S«tionil  SCeiin-beatiiig-boikc 
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Selection  of  Caat-Iron  BoUen.    Tbe  adecUon  of  <»t-iron  bulen  Aa 

nol  be  influenced  too  Uigeiy  by  conaidetBtions  ol  price,  and  the  eaie  « 

wbicb  tliey  may  be  carried  into  a  buildinc  where  itnictunl  condltioni  inled 
irith  the  intnidurtioii  of  a  sted  boaa. 
many  cues  tbe  chaiactci  o[  tbe  lovia 
attendance,  or  botb.  especially  in  (on 
ment  and  olber  public  buildinx  *ort,  ■ 
be  such  that  steel  equipment,  which  k  a 
able  of  withstanding  more  abiue,  ■facald 
used,  Thit  ii  particolarly  true  when  1 
returns  are  bandied  by  a  pump.  If  a 
UOd  boilers  are  to  be  installed,  the  gn 
area  necessaiy  should  be  carefully  compi 
W  already  indicated,  usin^  an  average  n 
of  combustion,  and  a  fuel-pot  depth  ba 
on  tbe  firing-period  required.  The  Unl 
States  Treasury  Department  selects  ca 
iltm  boilers  by  (Hoporlioniag  tbem  to  cai 
35%  more  radiation  than  actually  instil 
if  aothrscite  coal  is  used,  and  35%  nun 
biEuminoiu  coal  is  used.  In  additica 
this,  suitable  aUowance  must  be  made  1 
mains  and  other  pi[Hi>g.  and  in  nKst  a 
two  boilers  are  installed,  each  capable 
supplying  two-thirds  of  the  radiitiia< 
Older  to  provide  for  units  which  can 
operated  with  a  high-laad  factor,  and  I 

_    ,„   -   J       ,-      J, n  1     act  as  a  reserve  for  each  other  in  cased 

Fig.  18.  Stttara  ol  Round-type  Birilet  (jfj^^do^n^ 

Steel  Heating-Boileis.  There  are  two  general  type)  o(  all-sted  boikn  M 
for  beating  work,  the  mE-BOX  tvfe  and  the  seIckM  tubulab  Tare. 

In  the  fire-box  type  Che  grate  and  combustion-chamber  are  surrounded  byi 
extension  of  the  steel  shell  which  is  water-jacketled.  The  producU  of  ea 
bustion  pass  directly  through  the  tubes  to  the  soioke-Que  located  in  cbe'tt 
In  tbe  return  tubular  tj'pe,  the  boiler  consists  of  a  shell  with  tubes  set  ■ 
brick  setting,  the  grate  and  combustion-chamber  being  directly  under  I 
front  portion  of  the  shelL  The  pioducia  of  combustion  in  lliis  case  pass  uoi 
and  around  the  shell  to  the  rear  of  the  boiler,  and  then  througfa  tbe  tidia 
the  front  into  the  smoke-box. 

Fire-boi  type  boilers  nuy  be  obtained  in  capadties  ranging  from  sod  to  tj  ( 
sq  ft  ol  direct  radiation.  The  most  common  of  these  boilers  are  the  Dumi 
GorlOD,  and  Kewanee.  Detailed  information  as  to  c:^>adCiea,  dimeitHB.  4 
may  be  obtained  from  the  makers'  catalogues.  As  usually  constructed,  dl 
bcrilers  are  deigned  for  a  workizig  pressure  of  60  lb  per  sq  in  and  are  so  ioH 
by  the  boilet-ioiutance  companies.  This  type  may  be  obtained  with  or  with 
(portable  type)  brick-selling.  The  return  tubular  boiler  is  erected  wid 
tnick  setting  and  as  ordinarily  constructed,  is  designed  for  a  woiUog  pRM 
of  100  lb  persq  in,  but  may  be  obtained  for  a  working  pressure  erf  ijoIbfietH 
if  desired.  It  is  primarily  a  power-type  boiler,  but  is  commonly  used  in  q 
juDction  with  large  heating  Eyslems  having  10  000  sq  ft  or  more  of  direct  m 
lion.  These  boilers  are  rated  on  a  basis  of  10  sq  ft  of  boiler  beating-surfarel 
boiler  horse.poner.  A  special  design  of  setting  is  required  for  smokelea  cj 
bullion  when  bituminous  coal  is  to  be  used  as  fuel.  The  so-called  Uui 
leitiiig  should  not  be  uied  in  this  connection.    (See  Bwlers  and  Rules  hx  0 


Chimneys  for  Heating-Boilers 
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ion  in  Mecbaniad  Equipment  of  Buildings,  Vol  11,  by  Harding  and 
d.) 

Dttfys  for  Hoattng-BoUera.  (See  also,  under  Chimneys,  page  1364.) 
er  to  produce  an  intensity  of  draft  sufficient  to  properly  operate  low- 
e  heating-boilers,  hot-water  boilers,  and  hot-air  furnaces  up  to  their 
apadty,  the  chimney  should  not  be  less  than  40  ft  in  height,  measured 
le  grate.  No  flue  should  be  less  than  8  X  8  in.  The  failure  of  many 
-installations  may  be  traced  to  insufficient  draft  to  bum  the  fuel  at  the 
quired  to  run  the  boiler  or  furnace  to  rated  capacity.  The  tempera- 
flue-gases  leaving  the  boiler  should  range  between  400**  and  500^  F.  when 
xuatus  is  worked  at  its  rated  capacity.  The  chimney  should  be  so 
with  reference  to  any  higher  buildings  nearby  that  wind-currents  will 
n  eddies  and  force  the  air  downward  in  the  shaft,  as  shown  in  Fig.  19. 
le    should   run  as  nearly 

as  possible  from  the  base 

top  outlet.      The  outlet 

[>t  be  capped  so  that  its 

less  than  the  area  of  the 

he   flue   should  have  no 

into  it  other  than  the 
moke-pipe.  Sharp  bends 
ets  in  the  flue  often  reduce 

and  choke  the  draft,  and 
»  must  be  free  of  any 
which   prevents  the  full 


i~». 


Hifh 
Baildlaff 


Fig.  l»Jlelattoa  of  Height  ol  Chinuiey  to  Draft 


the  passage  of  smoke.  If  the  flue  is  made  of  tile,  the  joints  must  be 
lented,  or  all  space  between  the  tile  and  brickwork  filled  in  tightly. 
ust  be  no  open  crevices  into  the  flue  where  the  tile  sections  meet,  other- 
draft  will  be  checked.  If  the  flue  is  made  of  brick,  the  stack  should 
;side  walls  at  least  8  in  thick  to  insure  safety.  The  inside  joints  should 
(truck,  and  each  course  should  be  well  bedded  and  free  from  surplus 
t  the  joints.    The  exposed  bricks  at  the  top  of  a  brick  chinmey  should 


inal 


B. 


SH 

IS 
12 

7 

13 
e8 

13 

eS 

c8 


Table  ZVI.    Fire-Clay  Flue-Uaings 

Robinson  Clay  Product  Co.,  Akron,  Ohio 


Rectangular 


Actual  size 

outside, 

in 


4HX  SH 
4HX13H 
4HX17 
6     Xra 

7MX  7H 
8HX  8H 
8HX13 
8HXX8 

13  X13 
13  X18 
x8      Xx8 


Actual  size 

inside, 

in 


3>i 
3H« 

3H 
4H 

sH 

7K 

iiH 

10*4 


X  7 

Xii^ 

XI5H 

XioH 
X  s*A 
X   7H 

XiiH 
XI6 

XiiK 
Xis*i 

XISH 


Round 


Inside 

diameter, 

in 


6 

7 
8 

9 
10 

la 

IS 
z8 
20 

24 

30 


Outside 

diameter, 

in 


7H 
8^ 
9 

10  H 

12 

14 

17  M 

aoH 

23 

27 

35 
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be  laid  in  cement  mortar  to  prevent  the  add  fumes  and  rain  from  cnttagi 
the  joints.  This  will  happen  if  lime  mortar  is  used.  The  most  desirable  h 
tion  for  a  chimney  is  near  the  center  of  the  building,  as  all  walls  are  tim  k 
warm.  If  there  is  a  soot-pocket  in  the  flue  below  the  smoke-pipe  openiiig, 
dean-out  door  should  always  be  tightly  dosed.  If  this  aoot-pocfcet  has  o( 
openings  into  it  from  fireplaces  or  other  connections,  these  openings  dttck 
draft  and  prevent  the  best  results.  The  smoke-pipe  should  not  extend  intoi 
flue  beyond  the  inside  surface  of  the  latter.  If  it  does  extend  beyond,  hs  i 
cuts  down  the  area  of  the  flue.  The  joints,  where  the  smoke-pipe  fits  < 
smoke-hood  of  the  boiler,  or  where  the  pipe  enters  the  chimney,  sbonkl  be  m 
tight  with  boiler-putty  or  asbestos  cement.  Fire-day  flue-Unings  are  used 
the  best  practice  for  small  and  medium-sized  flues.  Rectangular  flue-liiii 
are  rated  by  outside  dimensions^  and  round  linings  by  inside  dimensians. 

FlttM  for  Kitchen  Ranges  and  Fireplaeea.  (See  abo,  under  Guinai 
page  X364.)  For  a  kitchen  range  an  8H  by  8H-in  tile  flue  is  ordinarily  soffidi 
but  an  8H  by  J3-in  is  better.  For  fireplaces  the  sectional  area  of  the  flue 
burning  wood  or  bituminous  coal  should  be  from  Ho  to  H  the  area  of  the  i 
place-opening  for  a  rectangular  flue,  and  Ha  for  a  circular  flue.  For  bun 
anthradte  coal  the  areas  may  be  reduced  to  Ht  and  H«  respectively. 

Selection  of  Chimney-Flues.  (See  also,  under  Oiimneys,  page  X36<.>  1 
sdection  of  chimney-flues  for  heating-boilers  must  depend  upon  the  jndsmeil 
the  heating-engineer,  but  it  is  believed  that  Table  XVII.  by  R.  C.  Carpenter.i 
vezy  much  assist  the  engineer  in  selecting  flues.  It  is  necessary  that  areaI 
HEIGHT,  THxaunEss  ot  WALLS,  GfTNCSAL  STRUCTuaE,  and  the  posmoif  OF  i 
TOP  OUTLET  with  reference  to  the  building  and  other  buildings  near  by  shodd 
carefully  noted  and  observed  in  the  selecting  or  buflding  of  a  flue.  The  figt 
given  under  the  varying  heights  of  chimnesrs  are  diameter-measurcnend 
inches,  or,  the  side  of  a  square,  the  theory  being  that  the  spirally  ascnl 
column  of  smoke  and  gases  will  make  a  12  by  la-in  flue  no  more  effectit^ 
practical  working-area  than  a  twelve-inch  round  flue.  Rectangular  shapes  i 
be  used  if  the  area  is  equal  and  the  diflerenoe  in  width  and  breadth  is  I 
extreme.  A  maximum  ratio  of  2  :  i  for  the  internal  dimensions  AoM  mH 
exceeded. 


Table  ZVn. 

Chimneys  for  Steam  and  Hot-Water  BoQars 

Direct  radiation 

Height  of  chimney-flue 

Steam. 

Water. 

30  ft 

40  ft 

50  ft 

60  ft 

Soft 

aqft 

sqft 

350 

375 

7.0 

6.7 

6.4 

6.2 

?;3 

500 

750 

9.2 

8.8 

8.2 

8.0 

750 

z  Z50 

10.8 

10.2 

9.6 

9-3 

8.8 

X  000 

I  500 

12.0 

xi-4 

10. 8 

10.5 

lot 

1       1500 

2  250 

14.4 

13.4 

Z2.8 

xa.4 

«x.S 

aooo 

3000 

16.3 

15.2 

14-5 

14.0 

13. a 

3000 

4500 

18.5 

X8.2 

17.2 

16.6 

IS.8 

4000 

6000 

22. a 

20.8 

X9-6 

S90 

^tA 

5000 

7500 

24-6 

23.0 

az.6 

ai.o 

194 
22  a 

6000 

9000 

26.8 

25.0 

23.4 

as. 8 

7  000 

10500 

28.8 

27-0 

35.5 

a4-4 

2i4 

8  000 

12  000 

3a. 6 

28.6 

26.8 

a6.o 

24  2 

9  000 

13500 

32.4 

30.4 

28.4 

t7.4 

25  f 

1    10  000       1 

IS  000 

34  0 

32.0 

30. 0 

•S.« 

27  • 
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tte  A  real    and  Stack-DiOMiiiioas.     Far  return    tubular 
S.  ThompaoQ  gives  the  following  rules  for  grste^ftreas  and 


in  building;  B.  H.  S.  -•  heating-surface  in  boiler; 
;    (all  in  sq  f  t) 

7  for  steam;  R  -i-  xi  for  water.    G  «  B.  H.  S.  •*■  25  (anthra- 
cMd);    G  -■  B.  H.  S.  -i-  30  to  B.  H.  S.  -i-  35  (bituminous  coal, 

B.  H.  S.  +45  (lower  grate  of  down-draft  furnace). 
.tack,  ft.     A  •  area  of  grate,  sq  ft.    S  «  area  of  stack,  sq  ft. 

Canthracite  coal,  lump  coal,  oil,  and  gas). 

>  -4-  'VH  (bituminous  and  small  anthracite). 
pea,  or  rice  coal,  tube-area  must  be  not  less  than  H  grate,  and 
dl  Stack. 

h  down-draft  furnace,  tube-area  must  be  not  less  than  H  of 
always  larger  than  stack. 
th  of  tube  must  not  exceed  48  diameters, 
(th  of  boilers,  54-in  diameter  and  under,  must  not  exceed  3 
54-in,  2yi  diameters, 
number  of  feet  in  length,  are  not  used. 

n  Buildings  are  special  cases  and  may  be  designed  by  methods 
ign  of  chimneys  for  power-boilers.  (See  Power  Plants  and 
r  Harding  and  WiUard.     See  also,  List  of  Tall  Brick  Chimneys, 


lUrsct  StMm  Heating 

[>irect  Steam  Heating  in  Use.  Systems  for  heating  with  direct 
are  broadly  divided  into  two  general  classes,  known  as:   (i) 

LATXMG    SYSTEMS,    and    (2)    UECHANICAL   CIKCULATING    SYSTEMS. 

Ing  characteristic  is  the  manner  in  which  the  water  of  condensa- 
diators  is  retmned  to  the  boiler.  In  the  first  type  the  condensate 
»  by  gravity,  dtie  entirely  to  the  static  bead  existing  in  the 
A  sytem  is  a  closed  circuit.  The  steam-pressure  existing  in  the 
ind  radiators  is  the  same,  except  for  friction-pressure  losses  due 
team  to  the  heating-surfaces.  In  the  second  type  the  condensate 
:tum  to  a  receiver  or  feed-water  heater  and  is  then  forced  into  the 
MP,  or  BETUSN-TEAPS,  OT  both.  This  is  not  a  closed  system,  and 
.  the  boUer  may  be  much  higher  than  that  in  the  mains  and  radi- 
iceiver  is  usually  vented  to  the  atmosphere,  and  in  the  case  of 
ns  an  additional  pump  is  attached  directly  to  the  returns  and 
scharge  the  condensation  into  the  receiver  or  heater.  Gravity  dr- 
ns  are  further  divided  into  the  one-pipe  system  and  the  two-pipe 
»asement-mains  supplying  risers  to  the  various  floors  above  (Figs. 
),  or  with  overhead  mains  supplying  drop-risers  to  the  floors  below. 
sjTStem  the  steam  and  water  of  condensation  in  the  risers  flow  in 
ction,  so  that  less  friction  is  produced  as  countercunents  do  not 
aller  pipe-siaes  may  be  used.  The  overhead  system  is  very  com- 
L  of  as  Uie  mill's  system. 

Gfflfity  Syitsms.  The  one-pipe  orcutt  system  (Fig.  20)  witk 
ins  is  ptohably  the  6io:4>lest,  and  most  oommoii  gravis  syateai  m 
sam-miin  rises  dose  to  the  basement-ceiling,  just  above  the  boilat; 
(ksdown  uniionnly  from  this  high  point  with  afallof  lor^inin 
1  the  last  radiator  has  been  Fcrved  the  main  drops  bek>w  the  boiier 
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water^ne  and  its  size  is  reduced,  as  on  the  run  back  to  the  boiler  it  caniesM 
condensation  and  is  known  as  a  wet  return.  This  return  may  be  nm  above  IJ 
boiler  water-line  if  necessary,  and  is  then  called  a  dry  returk.  Retutn-imi 
are  graded  i  in  in  30  ft  in  gravity  work.    In  either  case  an  automatic  air>val 


Jt^ 


RiMr-^ 


^:; 


Brandies 

Ut  FL 


f#?==s= 


Note:  Separate  branelMi' 
to  all  flrtt-floor  radiator* 


'  #fr^-'  ^ 


R. 


hA.V. 


Air  VilTC 


▲ir-ValTC. 


'II 

'■-•1 


15ui;h  |"Wate?CEi 


or  w  et  Ratam 


NotleMtkaa' 
rabore  boUor 
vatenlino 

/  DETAIL  OF  FmST- 
RAOtATOR' 


Baa'm't-Fl. 


iJIB!' 


MASSUKUKWK'MMIMN^ 


DETAn.  AT  END 
OF   MAIN 


Fig.  20.    Low-pressure  Gravity  System.    One-pipe  Basement-maiB 

must  be  installed  on  the  end  of  the  main  at  the  drop,  as  shown,  to  vent  the  sd 
when  air  collects  in  the  piping.  The  elevation  of  the  end  of  the  steam-main  ^ 
respect  to  the  boiler  water-line  must  be  carefully  determined,  in  order  that  wM 
may  not  back  up  from  the  boiler  and  flood  the  main,  including  the  air-vaht  a 


Fig.  21.    One-pipe  Relief  Basement-main 

branches.  It  is  customary  to  maintain  at  least  18  in  between  the  under  adl 
main  at  the  drop  and  the  normal  water-line  of  the  boiler  to  provide  *f or  oa^ 
gendes.  In  operation  it  will  be  noted  that  steam  and  water  flow  in  tbe  a 
direction  through  the  one-pipe  steam-main,  and  in  opposite  directions  tM 
the  basement-branches,  risers,  and  radiator-branches.  This  necessitates  id 
piping  and  valves  than  in  any  other  steam  system,  and  especially  is  this  I 
of  the  mam,  which  must  be  run  full  size  from  boiler  to  drop,  unless  drippd 
shown  under  piping-details.  I 
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\ua  lysiEM  (Fig.  21)  ia  very  similar  to  tbe  one-]Hpe  drcuit 
,  the  ram  ue  dripped  iadividiuJly  iota  the  return,  uid  the 
.  no  ndiitor-coudenution.  and  is  itself  dripped  at  ictervala 
in,  wluch  nuy  run  DKv  or  wet.  This  mikes  it  possible  (i) 
>f  miin  u  ndialKai  is  taken  off,  (i)  to  use  smaUer  braucbes, 
main  much  closer  to  the  basement-ceilinj',  a  very  important 
e  baaement-space  ii  valuable.  A  coubihation  or  tbe  o>rc- 
lE  TWO-FiFi:  svsTEU  IS  frequently  used  in  large  instaUations, 
Ed  for  tbe  first  and  second  floors,  and  the  lormer  for  the 

buildings.  Ia  this  way  the  amount  of  condensation  flowing 
risers  afainst  the  steam  is  much  reduced  and  smaller  risers 

application  of  the  one-[spe  system,  with  gravity-drculaCioD 
«  to  tall  buildings,  is  not  at  all  unusual,  and  if  the  piping  is 
or  the  drcutation  of  steam  and  the  return  of  the  water  of 

be  found  satisfactoiy.    In  the  case  of  long  narrow  buili^ngs 

system  it  may  be  necessary  to  provide  a  deep  boiler-pit  so 
if  water  la  tbe  return-connections  will  not  flood  the  far  end 

'EK  with  batement-mBins 


Fk-  12.    Two-pipe  Basemenl-maui 

XED.  This  ^stem  can  be  readily  adapted  to  mechanical 
d  is  very  entensively  uled  in  this  connection.  It  will  he 
t  when  ^iplied  to  a  gravity  system  the  return  from  each 
:lv  sealed,  cither  by  dropping  below  the  water-line  to  a 
using  drip-loi^,  as  shown  at  tbe  left,  before  connecting  to 
in  one-pipe  work  all  drips  or  reliefs  are  sealed  as  shown  in 
aution  is  not  taken  sleam  may  enter  a  drip  or  return  from 
lue  knocking  in  the  system  due  to  counlercurrents  of  steam 
ation.  Any  drip,  relief,  letum-riser,  or  conoection  from  the 
ide  of  the  system  must  bt.  sealed.  This  may  be  done  by 
water-line,  or  else  by  using  a  running  trap  or  a  return-trap 
onnecting  hne.  Neglect  of  this  precaution  will  cause  an 
ion  of  the  system. 

tor  Afr-Talrn  for  GriTltT  Systems.  The  Atnoiunc 
1  9teatn- radiators  must  be  provided  for  if  the  highest  eS- 
g-surfaces  is  to  be  realized  <n  gratdty  circoUting  systems. 
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ManiuUr  conboUcd  u[-valv«s  or  cockj  u«  usually  neglected,  and  u«  iridg 
uted  ioT  steun-radialois  allbough  their  uae  ii  quite  gcnenl  for  hot-*Ua  w 
ators.  Fig.  23  staoKS  a  float-type  of  uitiKiiUic  ■ir-valve.  TbomoMatic  ■ 
valves  are  findicg  favor  in  this  field.  The  proper  loc*tion  of  tbe  UM-yaj 
on  a  steam-radiator  is  at  the  cod  □(  the  radiator  opposite  the  steam-inlet,  aid 
near  the  boClom  of  the  radiator  as  poisible.  lince  air  is  heavier  than  stcia 
tbt  Mine  temperature.    In  practice,  however,  the  n 


Hg.  28,    NorwiO  Automatle  Alr-nh« 

nsuaDy  places  the  air-valve  tapping  about  two-thirds  the  hdght  of  the  ndill 
from  the  floor  in  order  to  prevent  poisble  Booding  of  the  valve. 

Sp*dal  Gnvity  Syiteou.    In  addition  to  the  low-pressme  gravity  qitci 
already  deaoibed  thoe  aic  many  ^leda]  steam  heating  ^yuemi  koown  u  a 


tiHB,  VATOB.  and  VACtmM  swtems,  also  operating  with  gravity-retnm  at  1 
water  of  condensation.  The  aii-line  rynsu  may  be  attadud  to  any  oat 
two-pipe  gravity  system,  and  is  applied  by  connecting  the  automatii:  air-nl 
of  each  radiator  with  smatl-size  piping  to  an  exhauster  which  nainr.in.  ■  ^ 
vacuum  in  the  air-piping  and  eSeclually  removes  tbe  accumidatioa  of  air 
the  radiators.  As  this  scheme  is  a  positive  means  of  air-removal  ili  apf£ci^ 
to  the  ordinary  one  or  two-pipe  gravity  systeoi  wdl  improve  iti  oiieniii 
Tbe  original  air-line  system  is  known  as  tbe  Paul  evsieu  {Fig.  24).  Ihei 
bauster  used  for  less  than  i  joo  sq  ft  is  a  water-diivea  vacuum-pump,  with  a  ft 
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Fir  35.    Tbc  Bahop-Babcock-Sccker  Aji-Hse  Sfitcm 

tbat  are  used  (or  exhauslen 


Tab!*  IVlll.    Hjilnnik  B: 


Diain 

City 

Mu. 

City 

Mu. 

dcr. 

pump 

V^. 

r»d.. 

pump 

iur*! 

nid.. 

in 

Ill 

«lfl    1 

lb 

Kjft 

aM 

^ 

lOI 

20 

700 

■  04 

40 

4000 

6 

10 

900 

.-.• 

.".. 

.04 

" 

"«■ 

j-106 

Z 

"™ 

Ksical  Vactumi  Sjatcnu.  The  so-coUcd  mechuikal  Vacuum  Steitiis 
c  two-pipe  type,  uul  have  a  vacuum-pump  atUcbed  directly  to  tbe 
Thii  pump  may  be  steam  or  molor-driven.  but  must  be  cipaUe  of 
both  air  and  water,  ai  no  air- valves  can  be  uied  on  tbe  radiaton  in  tbe 
i^stcui.     Tbe  letuin-end  of  each  radiatoi  ii  equipped  with  a  radiator- 
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Number 

Mu. 

Cylinder-siw* 

s,„., 

Slroln 

direct 

per 

Bore, 

Siroke. 

pipe. 

minute 

in 

in 

m 

in 

I3?9 

4000 

, 

HO 

J'f 

4 

iH 

iH 

a 

lis 

•,',z. 

' 

iH 

68 

1 

trap,  usudl;  of  Ihe  thermostalic  type  and  cammonly  termed  a  VACimif-VAm 
such  as  the  Dunham  (Table  XX),  Webster,  Illinois.  Monaah.  etc.    A  voluil 
liquid  is  employed  in  the  thermostatic  element  or  bcUows.     This  liquid  is  v^x* 
iied  immediately  as  sleam  is  brought  in  (ontact  with  the  belloirs,  and  cxax 
the  btter  to  expand  and  thus  close  Che  valve.     The  temperature  of  tbc  an 
densite  from  the  radiator  is  slightly  below  the  temperature  of  the  steam  but  ■ 
not  sufficiently  high  to  vaporize  the  liquid.     Tlie  vatve  tbetcfotc  rtouins  i^a 
and  will  pass  the  water  of  condensation 
and  air  until  tbe  steam  sutts  to  flow, 
when    it    immediately    closes.      These 
valves  are  very  sensitii'e,  and  when  jnop- 
erly  adjusted  and  in  order  wID  not  blow 
steam.    One    type    < 
VALVE  is  shown  in  Fig.  28. 


-in  cold- 
a  at  the 

pump,   which   serves  to   condense  any 
9  tbat  may  teak  by  the  vacuum- 


Cewwctod  to  lUlanh-Plpa 
llg.  20.    ThetmotUtk  Valve  o 


jveneta  sysum 


vatvES  due  to  dirt  getting  under  the  seat  and  preventing  the  vahre  bat 
doring  tight.  Figs.  27,  2S  and  29  show  clearly  the  application  of  vacnimi- 
traps  to  the  two-pipe  system.  It  will  be  observed  by  inspection  of  TiUr 
XXVII  that  the  return- connections  for  a  vacuum  system  ate  much  sdiBiS 
than  are  used  in  the  ordinary  twu-pipe  system.  Table  XXVI.    Tlie  vaonn 
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.  is  lugcty  nnploytd  in  coonection  with  eibuut  steam-heating,  where 
nportuit  to  keep  down  the  back-pressure  o     "'""  ' 

to  q4iniiuii>tel]i  s  lb  pei  sq  in. 


i«- valve  i: 

be  bfa.tiiig  system-     This  valve 

ilicaJty  opens    and    allows    live 

i    icduced  pressure  (usually 


Detail  Showing  Method  of  Drip-    Fig.  ».    Detail  Sbowbg  Method  el  C«k 
ptag  Rise  in  Sleani-maia  meting  Ri>tary    Vuuu 

Reluni-liiie  is  B«U>w  V, 


f^  aa    Eihamt  Steam-beating  Vaaram  Sjiatem 

icinun  maintained  by  the  pump  on  the  main-return  Une  Is  ordbmrily 
in  of  mercury.  This  pump  is  placed  under  automatic  control.  The 
beiiuc  operated  by  the  pressure  in  the  return-line. 
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Tabl«  ZX.    GapadtlM  of  Dimhaia  V«ciiam«Tiaps 


Capacity, 

Pipe. 

Diameter 

Number 

Size. 

direct 
radiation, 

connec- 
tiou, 

Weight. 

i        ^"^ 
\      port. 

Lift. 

in 

sq  ft 

in 

lb 

1         in 

m 

I 

}i 

roo 

H 

iH 

( 

9 

H 

350 

H 

2^ 

!      '^ 

u 

3 

450 

H 

# 

B.T. 

H 

I  500 

H 

13 

H 

»!• 

B.T. 

I 

3  OOO 

I 

31 

I 

1 

These  traps  are  designed  for  steam-pressures  not  in  excess  of  lo^  gauge.  For  M 
and  riseisiripe,  use  no  smaller  trap  than  the  No.  3,  and  install  trap  as  per  details. 

Care  must  be  exercised  in  selecting  a  trap  or  traps  of  the  proper  size  for  bot-bh 
heating-coils.  The  capacity-ratings  for  all  traps  are  in  terms  of  direct  cast-iron  nd 
tion.  on  a  condensation-basis  of  approximately  0.25  lb  per  sq  ft  per  hr.  Every  unit 
Uast<coil  must  be  reduced  to  that  bads  before  trap-sizes  are  chosen  and  specified.  (S 
Hot-Blast  Heating  for  further  details  in  reference  to  rating  of  vacuum-traps  for  ho 
blast  omls.) 

Size  of  Vacaiim-Pump  Required.  The  following  table  by  the  Warn 
Webster  Co.  may  be  used  in  detennining  the  size  of  steam-driveu  vaoxum-paa 
necessary.  To  determine  the  size  of  pump  required  the  following  empiric 
formula  is  used: 

Square  feet  of  direct  radiation  -I-  (number  of  units  X  100)  —  F.  Choof 
the  nearest  size  corresponding  to  the  value  of  P  given  in  the  table.  The  ttea^ 
cylinders  are  proportioned  on  a  basis  of  80-lb  pressure  and  for  lower  pcesson 
the  steam-cylinder  must  be  proportioned  accordingly. 

Example.  Required  the  size  of  pump  for  5  000  sq  ft  of  direct  radiation  in  ij 
radiators.    5-000  +  (150  X  100)  -  20000.    Use  a  5  X  6  X  lo-in  pump. 

Table  XZI.    Sizes  and  Capacities  of  Vacunm-Pun^M 


Size 

Steam. 

Exhaust. 

Suction. 

Dis- 
charge. 

P 

Floor- 
space 

in 

m 

in 

in 

4      XS 

H 

•      w     •      •      •      • 

6  830 

4      X4      X  6 

H 

H 

2H 

a 

7  370 

HX34 

4     X4      X  8 

« 

H 

2H 

a 

8000 

11X34 

5      XS 

•        •••■•■ 

106S0 

• 

4      X5      X  6 

H 

H 

3 

aH 

II  353 

13X36 

4      XS      X  8 

^B 

H 

3 

a, 4 

lasoo 

13X38 

4HXSHX   8 

H 

V4, 

3 

^ 

IS  las 

13X38 

6      XS 

■        •••■•• 

15990 

6      X7 

•        •••■•• 

17  ai5 

■  •  >  ■  •  »  . 

4HX6      X  8 

H 

H 

3 

2H 

18000 

l3X3t 

S      X6      Xio 

H 

I 

4 

3 

19390 

18XSO 

7      X7KX10 

z 

iH 

5 

5 

a8  356 

18  X5' 

6      X7HX12 

K 

I 

5 

4 

30605 

19X54 

7      X8      Xi6 

I 

H 

5 

4 

34470 

l8XS> 

6      X8      Xia 

H 

I 

5 

4 

3«6ao 

19X54 

This  table  may  also  be  employed  in  detennining  the  size  of  motor-drive 
Kedprocating  vacuum-pumps,  the  last  two  figures  imder  Size  being  the  diametc 
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roke,  respectively,  of  the  pump.  A  vacuum-pump  should  be  specified  to 
1  dt^laoement  of  at  least  from  lo  to  15  times  the  volume  of  the  con- 
e  when  opemtmg  at  its  normal  rated  speed. 


Table  AUl.    Capacity  and  Size  of  Steam-Driven  Vacttum-Pumim 

i 

f 

1 

r 

Drain- 

1 
Drain-  j 

I- ,'  Water- 

1   ^ 

Ex- 

Suc- 

Dis- 

ing 

ing 

W'Cylinder 

1    _ . 

Stroke. 

,  Steam- 

haust- 

tion- 

charge- 

capacity, capacity'  Floor-; 

« ■                                                                             ■ 

* 

diam- 
eter. 

t 
1 

I 

pipe. 

Pipc, 

pipe. 

pipe » 

direct 
radia- 
tion.* 

con- 
densed 
steam. 

space. 

in 

.    in 

in 

in 

in 

in 

sqft 

lb 

in 

2H 

4 

H 

M 

jH 

iH 

3  700 

8X0  '30  X  6i 

4 

6 

H 

H 

3 

iH 

7  000 

3  zoo  ;4oXzoj 

6 

10 

I 

iH 

4 

3 

16000 

4  800 

59X14 

10 

Z2 

iH 

3 

6 

5 

40  800    1 2  240 

72X20 

13 

12 

iH 

3 

8 

7 

63  000    18  600 

7aX30 

14 

13 

iH 

3 

10 

8 

85  000    35  500 

■  ■  •  • 

1        16 

18 

iH 

2 

13 

10 

93  000    27  600 

•  •  •  • 

18 

18 

iM 

3 

13 

10 

128000   38400 

•  •  •  ■ 

densation  figured  at  0.3  lb  per  sq  ft  radiating-surface  per  hour. 

inn-punips  with  belted  electric  motors  are  made  by  the  Bbhop-Babcock- 
Co»,  with  capacities  of  2  000,  5  000.  10  000.  17  000  and  25  000  sq  ft  of  direct 
1.  This  pump  should  be  under  the  control  of  a  reliable  vacuum-pump  governor 
rben  the  requixed  vacuum  has  been  produced  the  pump  will  stop. 


Design  of  Low-PrtsBuze  St»am-He«ting  Systemf 

isxit  of  Radiation  Required.  The  heat-loss,  H,  of  the  various  rooms  it 
ed  as  previously  indicated,  and  H  is  divided  by  250.  The  result  is  the 
of  direct  radiation  in  square  feet  required.  The  heat-emission  of  cast- 
iation  for  pressures  up  to  5  lb  per  sq  in  may  be  assumed  as  250  Btu  for 
tical  purix>ses  of  calculation. 

g  of  Boiler  Required.  If  anthracite  coal  is  to  be  used  for  fuel  add  not 
1  50%  to  the  total  amount  of  direct  radiation  to  be  installed  and  65% 
inoiis  coal  is  to  be  used,  to  allow  for  radiation-loss  of  boiler,  mains. 
etc     The  steam-mains  and  risers  should  always  be  covered. 

»f  TWaina,  Branches  and  Return-Pipes.  Steam-mains  in  low-premure 
iystems  should  be  so  proportioned  that  the  loss  in  pressure,  due  to  pipe- 
does  not  exceed  approximately  i  oz  or  0.062  lb  per  sq  in.  per  100  ft  of 
le  reason  for  thus  limiting  the  pressure-loss  is  apparent  from  an  inspec- 
IfS-  31.  Owing  to  the  fact  that  the  steam  is  losing  pressure  as  it  flows 
the  main,  it  follows  that  the  pressure  at  the  last  riser  will  be  lower  than 
ifler.  The  <fi£Ference  in  pressure,  or  pressure-loss,  /*,  causes  the  water 
Ktum-Boain  to  stand  higher  than  the  water-line  of  the  boiler.  The 
rierht  Z  is  equal  to  the  height  of  a  column  of  water  which  pressure  P 
ort.  Thus,  if  the  boiler-pressure  is  2  lb  per  sq  in  and  the  pressure  at 
id  of  the  main  is,  say  i  yi  lb,  with  water  weighing  61  lb  per  cu  ft,  or  0.035 
in,  the  water  in  the  return  will  stand  (2  —1.50)  -s-  0.035,  <>'  ^  «  14  in 
5  ^vater-line  of  the  boiler  for  a  K-lb  loss  in  pressure  between  the  lx)iler 
ind  of  main.    It  is  apparent  in  this  instance  that  unless  the  water-line 
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of  the  boiler  is  about  1 8  in  or  more  below  the  last  riser,  or  radiator-connertk 
water  is  quite  likely  to  flood  the  steam-main  and  to  be  accompanied  by  a  bai 
mering  and  a  poor  circulation  in  the  radiators  located  at  or  near  the  end  of  t 
run.    Steam-mains  are  graded  in  the  direction  of  flow  approzimatdy  x  in  in  lol 


Gnkle  I'ln  10  feet.-'' 
Nonnul  Boiler  Water-Line.*^ 


Fig.  31.    Location  of  Boiler  and  Arrangement  of  Pipes  for  Low-pressure  Steaa-heati 

Systems 

Referring  to  Fig.  31,  and  assuming  a  7  ft-6  in,  or  90  in,  dear  height  of  bu 
ment,  and  a  boiler  having  a  72-in  water-line  and  a  length  of  steam-main  of  100 1 
it  is  evident  that  the  boiler  must  be  located  in  a  pit,  the  depth,  X,  of  which 

6  -I- 10  4- 18  4-  72  —  90  —  16  in 

in  order  to  maintain  18  in  between  the  water-line  in  the  boiler  and  the  end< 
steam-main.  The  distance  in  practice  should  not  be  made  less  than  from  \ 
to  24  in.  The  extreme  pressure-load  stated,  ^  lb,  in  this  illustration,  is  nevi 
approached  in  normal  operation,  when  the  mains  are  designed  for  i-oz  dnn 
per  100  ft,  but  may  approach  the  value  stated  when  the  ^stem  is  being  starte 
up  with  cold  radiators,  when  the  rate  of  condensation  is  very  much  higher.  11 
pressure-loss  in  a  pipe  flowing  full  of  steam  may  be  approximated  \ 
Babcock's  formula 


W 


ypd* 


h'-f) 


in  which  W  is  the  weight  of  steam  flowing  per  minute  in  pounds,  L  the  length  c 
pipe  in  feet,  d  the  diameter  of  pipe  in  inches,  y  the  density  of  the  steam  and  j 
the  loss  in  pressure  in  pounds  per  square  inch. 

One  square  foot  of  direct  radiation  will  condense,  under  normal  conditions  4 
operation,  0.25  lb  per  hr,  and  the  density  of  steam,  y,  is  0.043  lb  for  a  2.i4 
pressure.  The  sizes  of  steam-mains  given  in  the  tables  were  calculated  by  th 
above  formula,  the  piessure-loss,  p,  being  Umited  to  i  oz,  or  0.062  lb  per  sq  i 
per  100  ft  of  straight  pipe.  Tc  allow  for  the  fittings  approximately  twice  Uiii 
or  H  lb  per  sq  in  per  100  ft  of  pipe  may  be  assumed.  The  pipe-sizes  for  the  one 
pipe  system  are  given  in  Table  XXIII,  corresponding  to  the  amounts  of  diiec 
radiation  stated  in  the  last  column.  Branches  and  risers  may  be  taken  to 
Table  XXIV,  and  reliefs  for  risers  from  Table  XXV.  For  the  two-pipe  and  ab 
the  one-pipe  relief  system  the  steam-main  may  be  reduced  in  size  as  rapidly  « 
the  radiation  carried  will  permit.  The  steam-main  should  not,  however,  b 
of  any  smaller  size  than  risers  called  for  in  Table  XXIV. 

For  one-pipe  circuit  systems,  unless  the  steam-main  is  frequent^  drip|)ed 
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MAIN  MUST  BE  RUN  FULL  SIZE  to  the  end,  at  which  point  an  automatic  air- 
^"e  should  be  installed  and  the  main  dripped  into  the  return.  This  system 
I  generally  used  for  the  heating  of  residences  not  exceeding  two  stories  in 
leight.    For  buildings  two  stories  or  more  in  height  the  one-pipe  relief  system 


^   2nd 


hiUe  zzin. 


nil 


lUta-^lJi!^ 


SECOND  AND  Tl  IRO  FLOOR  RADIATOV 


IH* 


5 


- 1  Raliaf  or  Drip 
^  ^  R0tani  (a«mr  Floor) 


\^r 


"KTT 


FIRST-FLOOR  RADIATOR 
Fig.  32.    One-pipe  Relief  System 

for  One-Pipe  Low-pressure  Gravity  Heating  Systems. 
Main-Table 


Steam-main, 

1 
Dry  return,* 

Radiation, 

in 

in 

sq  ft 

I 

I 

40 

iK 

I 

75 

iH 

I'i 

126 

2 

I 'A 

286 

2H 

2 

53S 

3 

2H 

890 

3H 

2H 

X  360 

4 

3 

I  950 

5 

3 

3  600 

6 

4 

s  900 

8 

4 

12  700 

lO 

5 

22  900 

za 

6 

37  000 

_ 

*  For  wet  xetoms  reduce  one  size,  with  x  V4  in  as  a  minunum  sise. 
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may  be  employed,  in  which  case  the  risers  sapplying  the  radiation  for  the  seoq 
floor  and  above  are  dripped  into  the  return  as  shown  in  Fig.  32.  The  minimi 
size  for  a  wet  return  should  not  be  less  than  i  K  in,  as  a  smaller  pipe  is  likdy 
become  plugged  with  an  accumulation  of  dirt  and  scale. 


Table  XZIV. 


Pipe-Sizes  for  One-Pipe  Low-Pressare  OtaTity  H4 
Branch  and  Riser-Table 


Branch- 

Radiation. 

Radiator- 

riser, 

tapping. 

radiator- 
arm. 

sq  ft 

m 

m 

0  to     20 

I 

X 

31  to      34 

I 

iH 

3S  to    40 

iK 

iM 

41  to    6o 

iH 

iH 

6z  to    8o 

zH 

x^ 

8z  to  100 

iM 

2 

lOX  to  300 

3 

2H 

301    to  300 

3 

For  risers  carrying  more  radiation  than  given  by  the  table,  use  the  table  i 
Steam-mains  and  increase  one  size. 


Table  XXV. 


Pipe-Sizes  for  One-Pipe  Lo^i^Preasafe  Gravity  Heatinc  Sjtim 
Reliefs  for  Risers  (One-Pipe  Relief  System) 


Riser,  in., 
Relief,  in. 


I 

I 

I 

3 

3H 

1 

1 

3 

3 


3H 

2 


4 

2H 


4M     s 

3  3 


Table  XXVI.    Pipe-Sizes  for  Two-Pipe  Gravity  Systems 


Direct 

Diameter 

Diameter  of 

radiation- 

of  supply, 

dry  return.* 

surface 
supplied. 

in 

m 

sqft 

H 

H 

30 

1 

H 

36 

iH 

I 

-a 

iH 

iH 

130 

3 

lyi 

380 

2H 

2 

530 

3 

2H 

900 

3H 

aH 

X  330 

4 

3 

X  930 

4H 

3 

3  760 

5 

3H- 

3  720 

6 

3H 

6000 

8 

4 

13  800 

9 

4H 

17  800 

10 

5 

33  300 

13 

6 

31  000 

*  For  wet  returns,  reduce  one  pipe-size,  with  xK  in  as  a  nunknum. 
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^o-Pipe  Loir-PreMim   Ofavity  Heatlac  8f ■ 

e  used  in  determining  the  sizes  of  mains,  branches  and  ziaei! 
Igr  system. 


RotVTBtO 


r-dJagram  for  Down-feed  Mechanical  Vacuum  System 


1296 


Heating  uid  Ventilation  of  Buildings 


Put 


Pipe-Slket  for  Two-PIim  Hocluuilcal  Vaconm  Syttoms.     The  so 

of  branch-supplies  to  radiators,  risers,  steam-mains,  radiator-returns  with  thi 
mostatic  valves  and  main-returns  may  be  taken  from  Table  XXVII.  (S 
Example,  Fig.  33.) 

Table  XZVIL    Two-Pipe  Mechanical  Vacinim  gyateias 


Size  of 
pipe. 


ta 


iH 

2 
2H 

3 

3H 

4 

4H 

5 

6 

8 

9 

10 
12 

14 


Rating  direct  radiation 


Steam* 

mains  and 

risers, 

sqft 


Return- 
mains  and 
return-risers, 

sqft 


5 

20 

40 

75 
ISO 
300 
500 
900 

1  500 

2  000 

2  800 

3  600 
6  000 

13  000 
18  000 
23  000 
37  000 
55  000 


40 
160 
320 

600 

1  200 

2  400 
4000 

7  200 

12  000 
16  000 
22  400 
2ft  800 
48  000 
72  000 


Radiator-connections 


Size  of 
radiator, 

sqft 


30 

SO 

.75 
zoo 

125 
ISO 
200 
300 


Size  of 

steana- 

oonnection, 

in 


H 

I 

iK 

iH 

2 
2 


Size  of 
retwn- 
connectioc 
and  valve 
in 


H 
H 


H 


H 
H 


Table  ZXVm. 


Direct  Radiation  Required  for  the  Factory  Ofllce-Bulldi&c  Sh« 
in  Pigs.  9  and  94. 


Room-designation 

• 

Bttt- 

loss 
per  hr 

Direct 

rad'n 

required, 

column 

2-f«2S0 

Radiation  to  be  installed 

No. 
radiators 

No.  ools. 

and 

height 

No.  sect's 

each 
radiator 

Total. 
SQft 

I 

2 

3 

4 

5                6 

7 

Sample  rm 

Hall 

54  900 
19  123 
27  3S8 
19  482 
7  380 
31  306 
19  224 
70  247 
31  306 

219 
77 
95 
77 
29 

I2S 

78 

28 1 

I2S 

4 

I 
2 
I 
I 

2 
I 

4 

2 

3-32"   i      12 
3-38"  ;      i< 

2I« 

7$ 

Laboratory 

Storage 

Toilet 

3-32" 
3-32" 
3-32" 
3-32" 
3-38" 
3-32" 
3-32" 

IX 

17 
7 
14 
x6 
16 
X4 

99 
3' 

Mgr's  office 

Hall 

12S 
So 

Gen'l  office 

Sup't's  office  . .-. . 

28S 

126 

Totals '    

1 

X  lOS 
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ior  Indirect  Oraritj   Kadlation.     Multiply  square  feet  d1 

o  by  a  and  use  Table  XXVI. 

tae-Plp«  Low-Premre    Grarit;  Heating  SyWa,     Direct 

t    it    be    required   to  desifii  t,  bealiog  sysUm  of  thi«  type 


inj^pipc  Lov^vetture  ^1r 


Sxitcm  ior  FutMy  Officc-buildkc. 


tory  officc-buildiag  shown  in  Figs.  9  and  34,  the  beat-losses  bein£  as 
ralculatid  aod  given  by  Table  Vll.  The  location  of  the  radiators 
cHted  OD  tin  Soor-plans,  Fig.  9. 
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Direct  Radiation  Raquirad.    The  total  Btu4oas  for  each  roooi  is 

in  coliimn  2  of  Table  XXVIII.  The  amounts  of  radiation  required  for  1 
is  given  in  column  3  and  were  obtained  by  dividing  the  Btu-loss  in  each  case  b 
250,  the  average  heat-emission  of  direct  radiation  (Btu)  per  square  foot  p 
hour  for  a  room- temperature  of  70°  and  2  lb  steam-pressure. 

Boiler-Capacity  Required.  The  boiler-capacity  must  be  such  that  it  «! 
carry  the  radiation  installed  plus  the  extra  heat-kxss  from  the  steam-man 
return-mains  and  boiler.  The  steam-mains  are  to  be  covered  and  anthrad 
fuel  is  to  be  used.  The  fuel-capacity  of  the  hre-pot  is  to  be  suffident  for  an ! 
hr  firing-period.  Adding  50%  to  the  sq  ft  of  radiation  installed,  1.5  X  i.ic 
«■  I  662  sq  ft,  the  boiler-rating  required.  The  fuel-hoiding  capacity  of  tl 
fire-pot  should  be  checked  for  the  boiler  proposed  as  previousiy  stated  uodi 
Boilers. 


Chimney-Size.    The  size  of  chimney  may  be  taken  from  Table  Xvil, 
in  this  case,  is  12  X  12 -in  inside  dimensions,  by  a  40-ft  height.    The 
size  for  flue-lining,  Table  XVI,  is  13  X  z8  in. 

Design  of  Piping  Sjrstem.  The  layout  of  the  basement-mains  and  risB 
for  a  ONE -PIPE  CIRCUIT  SYSTEM  is  given  in  Fig.  34.  The  risers  are  not  drippe 
in  this  case.  Steam-main  A  supplies  623  sq  ft  of  radiation,  and,  acooidiDg  t 
Table  XXIII  must  be  3  in  in  diameter.  The  diameter  must  be  carried  to  ih 
end  where  it  is  dipped  into  the  return-main  by  a  i  H-in  relief,  as  indicated  i 
Table  XXIII,  for  a  dry  return-pipe.  In  order  to  keep  the  steam-main  as  da 
to  basement-ceiling  as  possible,  where  it  passes  beneath  the  floor^irder,  a  n 
is  made,  and  consequently  a  i  K-in  drip  must  be  provided  to  take  care  of  tl 
sq  ft  of  radiation.  The  main  wet  return  takes  care  of  1108  sq  ft  of  radiatiai 
and  is  therefore  made  2-in  diameter.  The  risers  and  branches  are  proportiooe 
by  Table  XXIV. 


Gravity  Indirect  Heating 

Geneial  Description.  A  satisfactory  means  of  providing  for  the  heat-kM 
in  a  room,  and,  at  the  same  time,  supplsring  air- ventilation,  is  accomplished  bg 
this  sjrstem.    The  radiators  properly  encased  with  a  sheet-metal  casing,  <sn 


Table  XXIX.  Final  Temperatare  of  Air  Paaaiag  Ovor  Indirect 
tended-Surface  Type.  Initial  Temperature  of  Air,  0*  F« 
Stack  in  Depth.    Four-Inch  Spacing  of  Sections 


Heater.   Oa 


Velocity  of  air 

through  free 

area  of  heater, 

in  ft  per  min,  v* 

Final  temperature,  ft.  in 
degrees  Fahrenheit 

Steam  at 
2-lb  pressure 

Hot  water. 
1 80*  F. 

50 
100 
125 
150 
175 
200 

122 
100 

95 
90 
86 
82 

147 
127 
120 

113 
X06 
102 

*  Measured  At  70"  F.    For  first-floor  registers  a  vekxaty  of  150  ft 
zee  area  aod  150  ft  per  min  for  second-flooi  registers  is  the  usual  asaumpikm. 


Gnvity  Indirect  Heating 


U.    lodkKt  Rwlktan,  Cttiagt,  Cooiwctioat,  tH 

■h-air  inlet  and  hot-ur  di 
edrculMing  duct  mty  bi 
KStins  in  ei- 
er  ifdrand. 

BDccted  witb 
dUtur.  At* 
r  more  than 


«s  with  tlie 

'   ducts   for 
bntrwuhs. 

■is  designed 

num  of  heating-surface  to  the  air  passing  over  same, 
standard  types  (or  gravity  indirect  heating  may  be  men- 
Pin  Radiator  (Fig.  36),  Eicdsior,  Sterling  and  Vento, 
e  now  rated  accoidicg  to  Ibe  temperature-increment,  or 
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rise,  wluch  they 
LectioTu  of  the  hc&Kr  U 
penituie  or  pressure  oF 
ities  slated  are,  (or  com 
stnicted  urea  means  the 


Heating  and  VeDtilatian  of 

ip&ble  of  giWng 


Put; 


passing  between  and  over  tl 
'elodties  of  air,  iititiil  temperature,  ud  toa 
,  or  tempetslure  o(  the  hot  water.  The  wta 
rating,  based  on  air  at  70°.  The  (lee  arunt 
1  between  beater-sections  after  deductinf  tt 
the  projecting  surfaces  from  the  gross  area.  LimHations  of  ^ace  pn 
giving  more  than  these  data  Cot  one  type  of  indirect  tsdiatoi. 


Fig.  37.    Vealo  Thiity-lDch  Indirect  Heitcr-Hction 


Heating- 

Pirrtta 

Width, 

tielween 

sqft 

30-in>ecli™ 

B.oo 

19'i 

9M 

o.»l6 

9^ 

60-10  Kction 

16.00 

6o<Ht 

9  a 

Weight  of  Air  la  be  Clrctilatad  par  Hiaote,  W.  I,  -  terapenture  of  1 
leaving  rei^ster.  t  ~  temperature  of  room.  0.14  -  sp  heat  of  air.  S  —  be 
loss  uf  room  to  be  warmed  in  Btu  per  hour.     V  -  voluoe  of  air  in  cubic  I 
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at  of  Indirect  HMting-Siifftee  Rtquind,  S.  h  » initial  temperature  of 
itering  indirect  heater,  tt  -  final  temperature  air  leaving  beater  *  /i  +5° 
ned  temperature-loss  in  hot-air  duct).  V  ■■  velocity  through  free  area  of 
r  in  feet  per  minute,  measured  at  a  temperature  of  70**.  P  »  total  fire- 
vquired  in  heater,  in  square  feet,  a  »  free  area  for  one  section  of  heater 
tare  feet,   n  «  number  of  sections  required. 

F  mV/v  ^  W/0.7SV,  n  -  F/a  and  5  -  «  X  5 

mple.  Required  the  amount  of  indirect  low-pressure  steam-surface  of 
[tended-surfaoe  type,  the  number  and  size  of  sections,  and  the  over-all 
sions  of  an  indirect  radiator  to  supply  the  necessary  heat  to  warm  a 
3or  room,  the  heat-loss  of  which  is  H  *  20  000  Btu  per  hour.  All  the  air 
le  taken  from  the  outside,  the  temperature  of  which  is  /  0  »  o**  F.  The 
temperature  to  be  maintained  is  /  i-  70^  F. 

tkm.    It  is  first  necessary  to  assume  a  temperature,  /i,  for  the  air  entering 
>m,  in  order  to  calculate  the  amount  or  weight,  W,  of  air  required  to  be 
ted  to  convey  the  heat  required  to  make  up  the  heat-loss  B. 
mac  /i  -  95*  and  <»  ■=  /i  +  5  (loss)  -  loo**;    and  v  »  loo  ft  per  mm- 
*able  XXIX. 

W  <^  20  000/I60  X  0.24(100  --  70)]  —  46.3  lb  per  min 
V  -  46.3/0.75  -  617  cu  ft  per  min,  measured  at  70'  F. 

me  40  in  as  the  length  of  section  desired  in  this  installation, 

a  «o.3S  (Table  XXX); 

F  *  617/xoo  *-  6.17,  the  total  square  feet  of  free  area  required; 

n  ■-'  617/0.35  a-  id,  the  number  of  sections  of  40  in. 

D  is,  therefore,  required,  giving  a  total  heating-surface  of 

5  -  10.75  X  i8  -  193.5  sq  ft 

g  this  equally  between  two  indirect  radiators  the  width  of  each  heater 
to  nine  (sections)  X  4  (spadng-sections)  »  36  in. 

Pressure  Boiler-Rating  Required  for  Gravity  Indirect  Radletion. 
ount  of  beat  given  up  to  the  radiator  is 

k  -  o.24W(ti  -  /o)  X  60  Btu  per  hr 

;qfuivalent  rating  in  square  feet  of  direct  radiation  is  therefore  R  » 
Jus  35%  for  radiation  of  mains,  returns,  etc. 

pie.     Required  the  equivalent  low-pressure  boiler-rating  to  supply  the 

radiation  in  preceding  example. 

m. 

k  —  0.24  X  46.3  (100  —  o)  X  60  =66  672  Btu  per  hr 
R  «  (66  672/250)  X  i.S  =  399  sq  ft 

ler  'Words,  i  sq  f t  of  low-pressure  steam  indirect  radiator  with  gravity- 
ja  is  practically  equivalent  to  3  sq  ft  of  direct  radiation;  or  the  amount 
ct  surface  is  approximately  0.4  of  the  amount  of  direct  radiation 

ft  fiot-Air  Ducts  for  Gravity-Circnlation.    A  velocity  of  approxi- 
tlurd  of  the  theoretical  velocity  attainable  by  natural  draft,  due  to 


1302 


Heating  luod  Ventilation  of  Buildings 


Vdxt 


the  smaller  density  of  the  heated  air,  is  aasumed  in  pntitfoe  in  propoiUadl 

the  area  of  the  hot-air  ducts. 

Table  XXXI.    Theoretical  Velocity  (10  of  Air,  in  Feet  per  Second*  Due  to  NatH 

Draft 


Height 

of  flue 

in  f^et.  E 


Excess  of  temperature  in  flue  above  external  air 


I 
5 

10 

IS 
30 
25 

30 

35 

40 


lO' 


IS* 


ao' 


I. 

2. 

3 

4- 

S 

S. 

6. 

6. 

7. 


I 

S 
6 

4 
I 

7 
3 
8 

3 


1.4 
3.1 
4.4 
5.4 
6.3 
71 
7.8 

8.4 
8.9 


1.6 
3.6 
5.1 
6.3 
7.2 
8.1 
8.8 
95 

10.2 


25^ 

30* 

so* 

1.8 

2.0 

a. 5 

4.0 

45 

5.6 

57 

6.6 

8.Z 

7.0 

7-7 

99 

8.x 

8.8 

ir.4 

9.0 

9.9 

xa.8 

9-9 

10.8 

14.0 

10.7 

IT. 7 

15-1 

II. 4 

12. 5 

16. 1 

TOO*    I   xse' 


3.6 
8.1 

II. 4 
14.0 
16. 1 
iS.o 
X0.8 

23.4 

22.8 


4.4 

99 

14-e 

17. 1 
19.8 

22.1 

24.2 
26.1 

a:  9 


Example.  Required  the  size  of  hot-air  duct  for  each  of  the  indirect  radiatf 
in  the  preceding  examples  for  a  first-floor  installation,  the  effective  height  £  ben 
5  ft. 

Solution.  The  excess  of  temperature  in  the  flue  above  the  external  air 
100  —  o  -  100°.  The  theoretical  velocity  in  the  duct,  from  Table  XXXI. 
8.1  X  60  «  486  ft  per  min.  The  actual  velocity  is  approximately  one  third  < 
this,  or  162  ft  per  min.  The  weight  of  air  per  minute  passing  through  the  flue 
23  lb,  or 

23/I0.07 1  (density  at  100*)]  -  324  cu  ft 

The  required  area  of  the  flue  is  therefore 

324/162  «  2  sq  ft  "  288  aq  in 

The  gross  area  of  the  register*face  must  be  approximately  z.8  this  amoa 
or  51S  aq  in,  to  obtain  the  same  free  area  through  the  register-griD  as  eiiBtsJ 
the  flue  or  duct.  Sizes  of  standard  registers  are  given  in  the  sectioii  on  FH 
nace-Heating. 

Diract  Hot-Water  Heating 

Systems  in  Use.  Systems  for  heating  with  direct  hot-water  radiatars,  fl 
the  direct  steam  heating  systems,  may  be  divided  into  two  general  classes,  i 
first  of  which  includes  all  those  systems  operating  by  gravity  only,  depeodl 
on  the  difference  in  density  of  the  water-columns  in  the  flow  and  retum-liBes' 
cause  circulation.  The  second  class  includes  those  systems  in  which  a  Foaa 
CIRCULATION  is  maintained  by  means  of  a  pump  placed  on  the  retum-Ene  ji 
before  it  enters  the  boiier  or  heater.  These  latter  systems  are  employed  usubJ 
only  in  laxge  installations  or  in  district-heating  service.  1 

Gravity  Hot-Water  Heating  Systems.  The  gravity  systems  are  dsril 
into  the  itppeed  systems,  using  basement-mains,  and  the  dowktekd  ststkI 
using  overhead  or  attic-mains.  The  upfeed  systems  may  have  either  a  one-pl 
basement-main  or  two-pipe  basement-mains,  and  the  latter  type  may  ha 
either  a  direct  or  a  revij^rsed  return-main.    (See  Figs  36  and  ^  for 
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ifted  lyttcDu  may  have  eitber  hholb  ok  douiu  umu. 
'  be  opented  with  an  OPEN  or  CUMCO  cxMMnmi-TAiiE, 

!  to  46.  la  seneial,  the  downfeed  or  oveibead  ByMemi  are 
il  the  uM  dI  smantr  mains  and  risers,  and  provide  for  the 
of  sir  from  the  radistors  and  [sping.  It  is  necessary,  bow- 
lom  or  dear  spate  in  Ihe  attic  ibould  be  at  least  4  or  5  ft  if 
and  branches  are  to  be  pnifieily  iostslled.  It  ii  aometime* 
vnhead  mains  at  the  ceiling  of  the  top  floor,  and  in  sucli 
itrictiati  does  not  apply.  Mains  nin  in  attici  must  be 
revtnt  frming.    The  uoiterfecd  lystems  are  u*ed  where 


BASEMENT  HEATIHQ  PUN 
•d  4  L    Rot-water  Heatiog.    Two{^  Up-feed  Sntem 

liable,  and  of  little  or  no  value,  and  the  radiation  is 
:  floors;  or  where  attic-space  is  so  limited  that  it  would 
:aU  overhead  mains  and  branches.  Underfeed  systems 
.tisfactory  in  buildings  less  than  two  stories  in  height,  as 
adiators  on  the  first  Soar  only  is  so  alight  that  faulty  or 
juite  Ultely  to  result. 

■ip«  SjMem.  The  upfeed  one-pipe  system  Is  in  very 
ia  employed  almost  eidusively  by  the  United  States 

m,  aa  shown  in  Figs.  43  and  45,  tlie  supply-maio  IJKS 
iling;  just  above  the  boiler  and  grades  down  la  the  diiec- 
>mi  grade  of  tl  in  in  10  ft.  Branches  are  taken  from  tlie 
plying  flow  ri^is  and  the  return-branches  ore  made  into 
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the  side  or  bottom.    (Fig.  40.)    Flow-connections  should  always  be  made  bt 
the  toiH  or  at  an  angle  of  45^  in  the  case  of  branches  near  the  boiler,  or  for  btancl 

HOT-WATER  HEATING  -  EXPANSION  TANKS 
(OPEN  AND  CLOSED  SYSTEMS) 


.     8.A.O.  Oonneetfon 
t       for  Gold  CUauM* 


l^blcAi: 


^ 


S  nk  or 
Waste 


Boiler 


Ko. 

iDcbea 

Gal. 

Bq.ll 

10  s  so 

8 

m 

»zSO 

10 

m 

Mz90 

U 

N 

UzM 

SO 

m 

Mxsa 

08 

m 

MzM 

3S 

m 

HzW 

iS 

m 

18x60 

00 

m 

90s60 

OS 

m 

SSsGO 

100 

m 

Note^  GkilvmniMa  Steel,  TMi 
at  IM  ik  Tapped  13tf*T^  aad 
BoUom,  and  for  Qmc*-    j-t*, 
Ola-              .                i/* 

^ ^ 


Runs  full  Bite,  drop  after 
Serving  last  Radiatoc 


6rade  ^In  10^' 


To  Espanal' 
Tank 

DefleetlQn 

Tube  A 
TubeB 

Water. 


Mercnry 


FiflT.  48 

ONE-PIPE  UNDERFEED 
SYSTEM,  OPEN  TANK 
.  Ftor^Pipiaraiaea  See 
Jablf  X?Un.and  XXXIH 


HOlftYWEU.  GENERATOR, 
FOR  USE  WITH  A  CLOSED- 
TANK  SYSTEM 


Figs.  42,  43,  44, 45  and  40.    Rot-water  Heatiiig.    Expauioii-taiiks.    Obe-f^pd 

Undorfeed  Syilem  ^\ 

supplying  only  upper-floor  radiators.    It  will  be  seen  that  in  the  casw  of  braa^ 
supplying  radators  on  all  floors  the  upper-floor  radiators  may  be  made  to  M 
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tulatioQ  of  the  fint-floor  radiators  by  taking  the  baflement- 
ler  from  the  side  of  the  bianch  ninning  to  the  latt^  radiator, 
ich  is  usually  run  full  size  all  the  way  to  favor  the  lowest 
in  Fig.  45.  After  having  served  all  the  radiator-branches 
nd  returns  to  the  boiler,  continuing  the  same  size  for  the 
inections  (Fig.  43)  to  radiators  should  be  made  at  the  top 
using  a  union  elbow,  and  at  the  bottom  on  the  return-end, 
ling  hot-water  radiator-valve  with  union  connection.  By 
oly  one  valve  is  required  to  control  the  radiator.  Since  the 
nrater  in  the  one-pipe  main  gradually  drops,  due  to  the  return 
'  temperature  from  the  radiators  served  in  the  course  of  the 
uilding,  it  is  advisable  to  increase  the  last  radiators  on  the 
0  in  area  and  to  increase  the  size  of  branch  and  riser-connec- 
the  main  by  a  one-pipe  size.  Pipe-sizes  may  be  taken  from 
XXXIII.  In  using  the  tables  all  mains  must  be  measured 
and  risers  to  any  floor  afe  proportioned  to  supply  all  the 
U  floor  as  well  as  the  radiator  actually  installed  on  that 
rigs.  43  and  45. 


•Water  Heating.    Piping-Sises.    Open-Tank    (ITpfeed 
Basement-Mains 

Mains  up  to  loo  ft 


Willi 


Pipe-sise 

in  inches 

Direct 

radiation 

in  square  feet 

Indirect 

radiation 

in  square  feet 

iH 

I3S 

xoo 

iH 

220 

13s 

2 

3SO 

225 

aH 

460 

320 

3 

67s 

500 

3H 

850 

650 

4 

I  100 

850 

4H 

X  350 

z  050 

5 

I  700 

13S0 

6 

3  600 

2  900 

7 

4  800 

3900 

8 

6  200 

5  coo 

9 

7700 

6  300 

lO 

9  800 

7  900 

Z2 

14  000 

II  400 

nnpOad  by  J.  J.  Hogan,  and  is  to  be  used  for  either  one  or  two- 


;th  of  main  must  be  measured  back  to  boiler, 
over  zoo  ft,  reduce  capacity  in  the  ratio 


Pipe  System.  The  upfeed  two-pipe  system  is  also  in 
if  installed  with  a  reversed  return,  as  shown  in  Figs. 
kkI  results.  It  a  direct  return  is  used  so  that  the  water 
1  the  radiators  nearest  the  boiler,  and  then  through  each 
m,  the  ends  of  mains  will  be  slow  in  wanning  up,  the  last 
,  and  the  system  prove  unsatisfactory.    With   the   re- 
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nUe  Xltm.    Hot-Water  HaatiBg.    Pifiiig-SiMS.    Open-Tteik   (Uvteel  i 


oaa) 

Branches  and  Risen 


Pipe>sixe 

Floor 

First 

Second 

Third 

Fourth 

in  inches 

Direct  radiation  in  square  feet 

H 

30 

45 

55 

70 

I 

6o 

75 

85 

95 

iH 

110 

120 

135 

150 

iH 

x8o 

19s 

210 

230 

a 

390 

320 

350 

370 

2}4 

400 

490 

525 

SSO 

3 

620 

650 

690 

730 

3H 

820 

870 

920 

970 

4 

I  050 

Z  120 

z  X85 

z  250 

4H 

132s 

I  400 

148s 

1560 

Table  XXXIII  was  c(»npned  by  J.  J.  Hogan,  and  is  to  he  used  for  either  one  or  t 
pipe  work. 

VERSED-RETURN  SYSiBH  each  group  of  radiators  has  exactly  the  same  kngtl 
water-travel,  and  hence  the  resistaiice  to  be  overcome  is  practically  the  91 
irrespective  of  the  distance  of  the  radiator-group  from  the  boiler.  It  win 
noted  that  the  return  begins  at  the  first  radiator  served  and  flows  in  the  a 
DIRECTION  as  the  flow-main,  increasing  in  size  while  the  latter  decreases.  1 
flow-main  grades  up  imiformly  ^  in  in  10  ft,  and  the  return  grades  down  M 
the  boiler^with  the  same  pitch.  Pipe-siaes  may  be  taken  from  Tables  XXj 
and  XXXIII  as  in  one-pipe  work,  and  the  mdn-size  reduced  or  increased 
rapidly  as  the  change  in  radiation  supplied  will  permit.  It  is  also  custooi 
in  government  work  to  install  a  starting-pipe  (Fig.  3S),  between  the  main  I 
and  return  at  the  boiler,  in  underfeed  systems.  This  pipe  ranges  from  1^ 
2  >^  in  in  size,  depending  upon  the  capacity  of  the  boiler,  and  is  intended  to  ai 
in  the  establishment  of  an  initial  circulation  between  flow  and  retura-head 
even  before  the  water  in  the  mains  is  moving. 

Equalization-Table.  In  Federal-building  work  N.  S.  Thompson  makes  ^ 
of  the  following  Equalization-Table  in  proportioning  mains  and  risers  seni 
more  than  one  radiator  in  both  upfeed  and  dovmfeed  ^stons.  The  eiH 
izing-numbers  represent  the  relative  capacities  of  the  different  sizes  of  piped 


Table  ZXXIV.    BquaUzation-Table  for  Mains  and  Risen 

in 

H  -      2 
2      "    60 
5       -  650 

in 

y*,  -       5 

2H  "     no 
6      ■■  X  oso 

in 

I  -       10 

3  «     175 
7—1  600 

in 

iH  ^      20 
3H  -     260 

8       ••2  250 

'hi 

Bzample.     A  x  K-in,  i  H-in  and  3-in  pipe  have  a  total  value  of  no  units,  awll 
aie  eouivalent  in  carrying  capacity  to  a  2  Wax  main. 
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me  frfctioa-pKssiire  loss  per  loo  ft  of  ran,  and  are  proportional  to  the  5/a 
5  of  the  diameters.  Thus  the  weight  of  water  flowing  varies  as  shown  by 
lation,  W  «  K^,  in  which  W  ■>  weight,  /  «  a  constant,  and  d  m  pipo- 
ter. 

ails  of  Piping  Systems  and  Connectioiis  for  IMract  Hot-Water 

9g,  The  distinctive  piping-details  of  each  system  of  hot-water  heating 
)een  discussed  under  that  system,  as  described  in  the  preceding  para- 
.  In  general  all  main  piping  and  branches  must  be  uhiforuxy  ghaoed, 
idy  indicated,  and  ample  provision  made  for  expansiok  and  contkaction, 
i  ready  semoval  of  ais  from  all  parts  of  the  system.  Air-traps  or  pockets 
»t-water  system  are  fully  as  serious  as  water-pockets  in  a  steam  system, 
a  hot-water  main  grading  down  in  the  direction  of  flow  cannot  be  relayed 
m  air-outlet  is  provided  at  the  top  of  the  relay.  If  the  main  is  reduced 
at  any  point  an  eccentuc  fitting  must  be  used  to  keep  the  top  of  the 
ad  small  main  in  the  same  plane  and  avoid  an  air-pocket.  Not  only 
1  the  piping  be  designed  to  permit  the  removal  of  air,  but  free  and  cotf- 
>RAiNAGE  of  water  must  be  provided  for  as  well,  so  that  when  the  drain 
-off  cock  is  opened  at  the  boiler  the  entire  system  can  be  emptied  of  water. 
cfa-mains  are  taken  from  a  header  at  the  boiler  they  must  all  rise  to  the 
LEVATZON  so  that  the  tops  of  all  the  branches  will  lie  in  the  same  plane 
start  away  from  the  boiler.  The  fittings  on  all  main  piping  and  branches 
i  of  the  long-sweep  pattern,  and  all  pipe  should  be  carefully  reamed  to 
burrs  and  sharp  ed^es.    Where  the  same  riser  supplies  radiators  on  two 

floors  the  branches  to  the  radiators  on  the  intermediate  floors  may  be 
sd  with  special  tees  (^.  41)  known  as  O.  S.  rrrriNGS,  with  a  deflector 
1  to  divert  the  current  of  flow  Into  the  outlet  of  the  tee,  and  thus  favor 
tators  OB  the  intermediate  or  lower  floors.  By  u»ng  top-flow  and 
BETinur  coNNBcnOMS  at  each  radiator  it  is  possible  to  positively  control 
t  by  a  single  valve,  except  for  the  slight  circulation  intended  to  prevent 

wbicfh  takes  place  through  the  Mc-in-diameter  hole  drilled  in  the  valve- 
ieeve,  when  the  valve  is  dosed.  If  both  connections  are  made  at  the 
tappings,  and  only  one  valve  is  used,  it  is  entirely  possible  that  the 
may  still  be  supplied  with  hot  water  through  the  unvahred  connection 
91  the  valve  Is  closed. 

Bino^al  in  Hot-Water  Systems.  Suitable  provision  must  be  made  for 
val  of  air  from  all  hot-water  radiators,  wherever  an  upfeed  system  is 
Usually  small  air-cocks  are  attached  to  the  highest  point  of  each 
and  are  periodically  opened  to  relieve  any  accumulation  of  air.  If 
Ics  are  forgotten  a  radiator  may  become  air-bound  and  fail  to  heat 
f  faulty  circulation;  hence  automatic  air- valves  are  sometimes  installed 
(Uipose.  The  automatic  air-valve  for  hot-water  radiators  is  not  very 
used,  due  to  its  liability  to  pass  water  as  well  as  air;  but  a  standard 
be  by  the  Monash-Younker  Company,  may  be  mentioned. 

Bon-Tajiks  for  Hot-Water  Heating.  Open-Tank  Systems.  The 
ue  system  of  hot- water  heating  is  not  a  closed  system,  as  provision 
for  expansion  and  contraction  of  the  water  within  the  system. 
is  provided  at  a  suitable  elevation,  not  less  than  3  ft  above  the 
[Jiator,  and  connection  made  to  the  nearest  return-riser;  or  preferably 
i  eacpansion-line  is  run  to  the  flow  or  return-main  in  the  basement. 
F  XHJS  expamsion-tank  varies  with  the  amount  of  water  in  the  system, 
ritli  the  range  in  temperature  of  same,  and  its  capacity  is  determined 

in  volume  of  a  given  weight  of  water  heated  from  $2^  U>  212^  is 
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about  Hi,  or  approximately  4.33%;  so  that  for  every  23  gal  in  the  system 
32^,  an  allowance  of  i  gal  must  be  made  in  the  expansion-tank  when  the  vi 
in  the  system  is  raised  to  212°.  Cast-iron  radiators  have  an  internal  vdumi 
iH  pints  per  sq  ft,  while  steel  radiators  and  x-in  pipe  hold  about  x  pint  per  sq 
Assuming  the  internal  volume  of  the  radiators  to  be  about  50%  of  the  enl 
s>'stem,  we  have  for  3  000  sq  ft  of  actual  radiation,  3000  X  2  X  3^  gal  -  ' 
gal  of  water.  This  water  will  increase  Ha  X  750  »  33  gal  on  being  hea 
from  32°  to  21 2**.  Hence  an  expansion-tank  of  2  X  33  ■"  66-gal  capadtj 
necessary,  the  tank  being  made  double  the  theoretical  volume  for  practi 
considerations. 

A  list  of  expansion-tank  capacities  and  dimensions  is  given  in  a  ta 
Gncluded  with  Figs.  42  to  40),  from  which  a  commercial  tank  may  be  reac 
selected  for  systems  under  6  000  sq  ft.  For  larger  systems  the  size  of  b 
should  be  separately  determined  and  the  nearest  commercial  tank-size,  as  Ul 
from  the  manufacturer's  list,  should  be  specified.  These  tanks  should  hav 
or  iJi-in  top  and  bottom  tappings  with  |^-in  water-gauge  tappings,  for  c 
necting  a  gauge-glass,  at  least  12 -in  long,  on  the  side  of  the  tank  as  shoni 
Fig.  43.  The  tank  must  be  securely  supported  well  above  the  highest  radii 
in  the  system,  and  in  the  larger  installations  special  framing  must  often 
designed  to  carry  the  weight  of  tank  and  water.  Automatic  exi>ansion-tJi 
equipped  with  a  ball-cock  and  overflow  are  sometimes  installed,  and  the  altitv 
gauge  on  boiler,  and  the  gauge-glass  and  fittings  on  tank  omitted.  These  ti 
may  be  covered  with  hardwood  and  varnished  if  it  is  necessary  to  place  themi 
finished  room  or  apartment. 

Ezpansion-Tank  Conneetioiis.  The  most  approved  method  of  coDned 
an  expansion-tank  to  a  low-pressure  <Mie-pipe  system  is  shown  in  Fig.  43.  wl 
an  expansion-and-vent  line  is  run  from  the  top  of  the  main,  at  the  high  pi 
just  above  the  boiler,  and  connected  to  a  return-bend  just  beneath  the  tt 
A  return  circulating-line  is  taken  from  the  other  side  of  this  bend  and  ocwnet 
with  the  return-main  at  the  boiler.  The  circulation  of  water  in  this  loop 
prevent  freezing  at  the  tank.  From  the  top  of  the  tank  a  i  K-in  vent-ha 
taken  through  the  roof,  and  a  iK'in  overflow  is  taken  out  of  this  vent-line  1 
tee  just  above  the  tank.  This  overflow  should  discharge  into  an  open  siol 
drain  near  the  boiler  so  that  it  will  be  immediately  evident  to  a  perscn  in 
boiler-room,  filling  the  system,  just  when  the  water  has  risen  to  the  oxtti 
above  the  tank.  The  movable  hand  on  the  boiler  altitude-gauge  can  then  \n 
to  correspond  with  the  middle  of  the  gauge-glass,  and  the  water-Iex'el  brav 
to  this  point  with  the  system  cold.  No  valves  should  ever  be  installed  on  d 
the  expansion  or  the  overflow-lines,  and  in  case  the  system  is  valved  at  the  bi 
the  expansion-line  must  be  connected  on  the  boiler-side  of  this  valve;  and  wl 
two  boilers  are  installed  this  line  must  be  carried  to  a  (wint  abo^'c  the  «i 
line  in  the  expansion-tank  to  prevent  siphoning  the  water  out  of  the  cs 
system  in  case  it  is  necessary  to  drain  only  one  boiler.  Expansion  or  ventHj 
connections  must  always  be  s^o  made  to. main-piping  in  basement  so  that  al 
will  be  automatically  removed  from  high  points.  Where\Tr  possflile  risd 
branches  to  risers  may  be  used  for  relieving  any  accumulation  of  air  in  the  M 
piping.  In  small  installations  the  expansion-line  may  be  connected  ttf 
return-riser  of  one  of  the  highest  radiators,  and  no  overflow  other  than  thel 
need  be  provided  for,  as  shown  in  Fig.  40.  This  is  a  cheap  method,  and  41 
not  be  resorted  to  unless  extreme  economy  must  be  practised.  The  tank  i 
be  in  the  srme  room  with  the  radiator  to  prevent  freenng,  as  no  cirrulalM 
pro\'ided  fo-,  and  the  overflow  is  simply  disrharged  out  of  doors  and  nsi 
upon  the  roof.    The  usual  result  is  that  an  unsightly  appearance  is  soon  cm 

The  United  States  Treasury  Department  employs  a  special  vent  and  oral 


Direct.  Hot-Water  Heating 


1309 


)  in  cold  climates,  where  there  is  liability  of  the  vent-line  freez- 
rough  the  roof,  due  to  the  condensation  and  freezing  of  vapor 
b  this  line.  The  vent-line  b  made  only  2  ft  high  above  the 
!pt  within  the  building,  and  it  is  equipped  with  a  check-valve 
ipe  of  water  through  the  same  in  case  the  tank  should  sud- 
he  closing  of  the  check-valve  will  compel  the  excess  water  to 
flow,  and  prevent  the  flooding  of  the  building. 

pstems.  The  fesmissible  ¥EifPEKAXUS£S  in  any  hot-water 
>y  the  pressure  on  the  system,  which  latter  factor  determines 
soiling  will  take  place.  The  pressure  at  any  elevation  in  an 
^  systtm  will  vary  directly  with  the  distance  below  the  level 
»panaion-tank,  and  hence  it  will  be  possible  theoretically  to 
he  boiler  at  a  temperature  corr»ponding  to  the  hydrostatic 
t  before  boiling  would  occur.  The  relation  between  hydro- 
and  boiling-point  are  given  in  the  foUowing  table: 

ion  between  Hydrostatic  Head,  Pressure  and  Boiling-Point 


0 

13 

24 

37 

49 

61 

74 

87 

100 

113 

125 

0 

5 

10 

15 

30 

25 

30 

35 

40 

45 

50 

3X2 

337 

339 

2S0 

259 

368 

274 

28X 

387 

393 

298 

i  be  quite  impossible  to  carry  temperatures  in  excess  of  213* 
3-tank  system,  as  the  high-temperature  water  would  inune- 
>pen  tank  and  boil.  In  order  to  overcome  the  limitations 
em,  in  which  water  will  always  boil  as  soon  as  a  tempera- 
ached,  various  means  of  increasing  the  pressure  in  these 
sorted  to  in  the  attempt  to  carry  a  higher  water-tempera- 
n  very  cold  weather  than  would  be  possible  with  an  open- 
devices  have  usually  been  installed  on  the  expansion«line, 
r  else  Just  below  the  expansion-tank  and  the  static  head 
ing  a  column  of  mercury  in  the  path  of.  the  expanding 
the  expansion-tank. 

the  apparatus,  known  as  the  Honeywell  Heat-Geneea- 
44,  in  which  it  is  seen  that  water  entering  the  generator 
>Tce  the  mercury  up  the  inner  tube  A  until  a  head  of  30  in 
at  which  time  the  entrance  to  this  tubk  will  be  uncovered 
ater  or  air  may  enter  it  and  pass  to  the  expansion-tank. 
above  that  required  to  just  fill  tube  A  is  returned  by  tube 
le  base.  When  the  Qrstem  cools  off  water  can  flow  back 
s  the  mercury-column  drops  in  it,  and  the  slight  head  of 
at  the  outlet  of  this  tube  is  easily  overcome  by  the  head 
>n-tank  above  this  point.  This  increase  of  10  lb  in  static 
nble  to  carry  a  maximum  water-temperatiue  of  240% 
I  would  be  possible  inf  an  open-tank  system.  While  a 
this  could  dieoretically  be  carried  at  the  boiler  in  an 
a  static  head  of  34  ft,  just  as  soon  as  this  water  rose  in  the 
ind  escape  from  the  expansion-tank,  at  the  same  time 
f  water.  In  fact  with  the  open-tank  S3^tem  the  water 
t  at  a  temperature  of  212**  F.  The  use  of  pressure-gene- 
bove  makes  it  possible  to  use  smaller  radiators  in  the 
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bMitad  iOotBB,  M  it  is  eotirely  posdfibk  to  mainUin  steam-tempentures  in  t 
radiators  whenever  deured.  Since  higher  temperatures  are  used,  the  diffete 
between  flow  and  return-riser  temperatures  becomes  greater  thaui  in  the  op 
tank  system,  aikd  hence  a  greater  motive  head  exists  and  gmalUr  mains  i 
risers  may  be  used  with  this  system.  The  Honsywbll  Company  leoomafl 
the  following  schedule  of  radiator^tappings: 


Table  ZZZVL    Riaer-Sisea  for  Honeywill 


Pipe-Kise 
in  inches 

Capacity  in  square  feet  of  hot- 
water  radiation 

I  St  floor 

and  floor      3rd  fk>oir 

H 

z 

30 
7S 
75  up 

40 
zoo 
zoo  up 

so 

135 

Z25  up 

It  should  be  remembered  that  since  radiators  and  pipes  are  mnmXUr  a  { 
system  there  is  much  less  water  than  in  the  open-tank  system,  inakii«  it  ■ 
sensitive  in  warming  up  and  aho  in  ooofing  off.  The  obneratos  sbodd  hN 
placed  dose  under  the  expansion^tank.  Otherwise  tiian  this  its  k>catkm  bu| 
anywhere  in  the  expansion-line,  as  the  same  hydrostatic  head  is  always  sd 
in  addition  to  the  head  of  mercury-column. 


Famtcd-HMtlBg 

TlM  Fvmaee  and  Its  LocatioiL  The  method  of  wanaaog  or  heatia( 
building  by  what  is  generally  known  as  a  warm-air  furnace  is  tetmed  rmss 
HEATDio.  The  furnace  consists  briefly  of  a  caat-iron  or  steel  beater,  oontaii 
a  coKBUSTioN-CBAiaiEK,  FiaB-FOT  and  csATE.  The  heater  is  uauai^  Kt  ■ 
encased  by  a  double-wall  galvanized  sheet  steel  jacket  (Fig.  47),  akJionghhl 
is  sometimes  used  instead  of  the  steel  jacket  for  this  purpose.  Funaccsi 
soft  coal  are  usually  designed  with  a  secondary  air-supp^  or  ovssdkar 
admitting  heated  air  just  at  the  surface  of  the  Are  in  order  to  produce  a  ■ 
perfect  combustion  of  the  volatile  combustible  gases  which  are  liberated  ft 
this  fuel  immediately  after  firing.  This  overdraft  shoukl  be  under  pooitifcf 
trol  so  that  it  may  be  checked  or  doted  after  the  fuel  has  been  coked.  Softi 
may  also  be  bnmed  efficiently  in  the  underfeed-type  of  furnace  in  which  coalis 
from  bdow  by  means  of  a  piunger  opemtizig  in  a  f eed-dmte  diachaigiog  tin 
the  center  of  the  grate.  The  furnace  should  be  located  in  the  »^ifrraff^  is 
approximately  central  position  with  reference  to  the  idobos  to  be  iKsted,  1 
preferably  toward  the  side  or  sides  from  which  the  prevailing  winds  blow  m 
winter*time.  This  arrangement  not  only  favors  the  oOMOre  exposed  tooma  eai 
floors  above  by  shortening  the  leaders  to  these  rooms,  but  also  makes  it  poij 
to  reduce  the  length  of  the  cold-air  duct,  which  should  always  be  run  liam< 
exposed  side  of  the  building  to  the  coki-air  pit  bek»w  the  furnace.  (Fip.  5S| 
64.)  In  operation  coUl  air  is  drawn  from  the  outside  throtigh  tbe  ooia 
DUCT,  passed  throu^  the  space  between  the  heater  and  its  jacket,  sad  wh 
by  coming  in  contact  with  the  outside  heated  surface  of  the  combostioa-cM 
and  the  radiator,  which  is  usoallly  just  above  the  onmhti^riiMwrii^iaW    1 


Fw.  17.    WuDHir  FuraUE  wbh  Gilnaliail  Sbett  Stc«I  Jtcket 

lara  and  6Ucka.  Tbcae  connecting  Sues  are  made  up  of  two  sections, 
nearly  boruooUl  lound  pipn  in  the  baaemcnt,  known  as  leadeks  {Figs. 
49),  which  Eosnect  to  the  coixus  on  the  top  or  conical  ades  of  the 


■ncl   (a)  the  vertical  lectaueoiu'  )upes  called  aijUTKB  (Fig.  fiO),  » 

Jte  BOOT  at  tbe  outei  end  of  the  leader,  with  the  doable-mlkd  u 

.  CI  >  into  which  the  ■■GWnB-GMlU  coverii^  the  opening  into  tha  tuom, 

liie  laadm  ibouM  have  an  upwani  pitch  tointd  the  iiate  U  Ibe 
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■tack  oT  at  kut  i  in  pe 
than  from  1 1  to  15  ft  in 
to  suit  actual  cooditioa 


Rg.  80.    Vertical  Stack  wii 

have  only  a  single  layer  ol 
may  be  provided  by  using  a 
between  the  inside  and  outa 
Table  XUI  for  this  equi| 
Company.  Attention  of  lb* 
of  large  second-floor  rooms 
are  generally  required  [or  the 


Part 

lor  the  best  results  they  should  Dot  be  at 
,e  boots  are  made  in  a  great  variety  al  ibti 
mply  ADAPTEBS  for  the  purpose  of  changi 
from  round  leaders  to  re 
anguhu  states.  The  Mu 
are  usually  run  between  I 
studding  of  interior  wib 
partitiofu  (Figs.  50  and  S 
since  if  they  are  placed 
outside  walls  the  oKJiiig  cC 
reduces  tbdr  eAcimcT  i 
only  in  tempeiatun  of  ■ 
but  also  in  vdocj^  of  ft 
The  HstAI.  used  for  lead 
and  itaclcs  is  usually  bri| 
DC  tin,  although  for  lad 
larger  than  1 1  in.  galvinii 
iteel  oi  No.  16  United  Sta 
Standard  gauge  is  uea 
employed.  The  covertiig 
all  leaden,  boots  and  Oii 
as  weO  as  the  furnace  ilsd 
most  important,  and  dtU 
heavy  gnde  of  asbestos  J^ 
is  pasted  on  the  outsid^' 
as  in  the  case  of  Icadertl 
the  funiace  itself,  aAH 
air-cell  covering,  about  U 
thick  may  be  used  and  seel 
with  brass  bands  or  d 
Since  [be  stacks  most  « 
generally,  in  a  4-in  sludd 
space,  with  a  net  depth 
about  3H  in,  every  df 
must  be  made  to  keeptl 
as  deep  as  possbk:  andM 
lathing  or  expanded  ia 
wall  Register  should  be  used  in  fiooli/ 
such  stacks,  which  ordina 
tvering.     A  irkore  effective  insuid 

de  pipes,  and  no  asbestos  covering  is  used  1 
ment.  as  made  by  the  Excelsior  Sted  Fun 
architect  is  here  caJled  to  ttw  fact  that  in  the  C 
0  be  wanned  by  one  register,  6-ut  stud  panili 
Srst  floor. 


Iha  DeiigD  of  a  Fumaee  Haatinf  Sjatam. 
Hut-LoM  and  Air  Raquired.  The  determination  of  the  sixe  of  the  funj 
and  tlie  connecting  leaders.  atBcks,  registers,  ducts,  etc,  is  baaed  oa;  (in 
actual  heat-kes  from  each  mom  in  tbe  building,  including  wall  and  glass4ri 
mission  losses,  as  well  as  loss  due  to  infiltration;  and  (1)  the  amount  of  lii  H 
drculatcd  per  hoar,  which  in  turn  is  based  on  this  heat-loaa.    A  bwUH 
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:  by  hot  ai[  by  intiodnciDc  Ih«  air  into  Ihc  roonu  tt  a  bigber 
tbal  re<iiured  to  b«  mauiuiued  ia  Che  rooma  at  the  bmlhuig- 
ty  ;s°  F.)    The  lir  Id  cooling  gives  ui>  per  pouod,  0.14  Btu 


These  Ftt-SL    Vertlal  StKl:  ind  Regbtei-boi 

^mum 

Ktded.    If  the  air  b  all  drawn  fiDin  the  outside,  and  the 
re   is   o",  then  the  lie   is  heated   from  o*  to  190',  aod 

the  room,  iiom  175°  to  70°,  or  105°.  In  other  wordB.o.>4 
1  apparently  thrown  away,  for  every  pound  of  air  circulated, 
le  brought  in  from  the  outside  ia  order  to  supply  a  suSdent 
on,  then  this  a  the  price  which  must  be  paid  for  ventilation, 
:  lame,  no  matter  what  lyitem  of  healing  is  employed,  (or 
tioD.  It  is  ahmst  invariably  the  case,  however,  that  a  cort- 
the  air  may,  if  desired,  be  redrcnlated,  in  which  event,  for 
»ct,  the  furnace  system  of  heating  requires  no  more  expandi- 
irm  of  fuel  burned  than  a  direct  steam  or  hot-water  system. 
a*  ecomxnkal  to  operate  when  correctly  designed,  installed 
head  producing  the  Sow  or  circulaliim  ia  due  to  the  differ- 
en  the  aacxnding  column  of  heated  air  and  the  weight  of  ui 
the  colder  intake  air.  The  system  may  be  proportioned 
i  tlie  air  during  tbe  extreme  cold  weather. 
I  be  CIretilated  per  Hour.  It  is  first  necessary  to  deter- 
r  required  per  hour  which  must  be  auM>Ued  to  each  room, 
i  of  air  to  be  circulated  per  hour; 
temperature  to  be  maintained; 

■ature  of  air  leaving  the  regisim  (assumed  15*  lower  than 
I  temperature  leaving  the  fumace-cap  or  boniKl); 
I  be  nupplied  to  room  per  hour  as  determined  by  heat-lois 
mlations; 
fta  up  per  pound  of  air  circulated. 

■or(ilUi7S°r'..and/  -7o°F- 

of  air,  entering  at  temperature  i7S°"-o63: 
et  of  wBnn  air  entering  room  per  hour 
-  H/1.S8. 
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Heat  Required  from  Heater  per  Hour,  Based  on  RecircnlatieB.    Tl 

heat  required  per  hour  from  the  heater  will  depend  on  the  temperature  of  tl 
entering  air  and  will  be  a  majdmum  when  all  the  air  circulated  is  taken  fni 
the  outside  and  a  minimum  when  all  of  the  air  is  recirculated. 

Let       h  ■>  Btu  required  from  heater  per  hour; 

tt  ■*  temperature  of  dr  entering  heater  «  65**; 
th  "■  temperature  of  air  leaving  heater  ■-  I9o^ 

Then    h  -  0.34  W{tH  -  k). 

Substituting  the  values  given  above  for  W,  ih,  and  U» 

h  «  1.2  H, 

Sise  of  Fomace.  The  capacity  of  a  furnace  for  heating  air  depends  primail 
upon  the  amount  of  coal  that  may  be  burned  per  houi;  which  is  the  product  < 
the  KATE  OF  coMBUsncN  by  the  grate-area.  With  an  assomed  or  fixed  rate  1 
combustion,  the  capadty  of  the  furnace  is  dependent  upon  the  grate-aita.  Tl 
grate-area  is  therefore  used  as  a  basis  for  the  rating  and  comparison  of  wamH 
furnaces.  The  average  rate  of  combustion  usual  in  fumaoe-heatii^  rug 
from  3  to  4  lb  per  sq  ft  of  grate-surface  per  hour,  but  in  zero  weather  this  n 
may  run  as  high  as  6  lb,  and  is  readily  obtainable  with  the  ordinaiy  height 
residence-chimney;  that  is,  at  least  35  ft.  A  properly  designed  furnace  m 
have  a  combined  furnace  and  grate-effidency  of  from  55  to  60%.  Higher  d 
cienciea  have  been  obtained  in  tests. 

Commercial  Ratings  of  Furaaees.  Manufacturers  rate  their  fnrasi 
according  to  the  amount  of  space,  cubical  contents*  in  the  ordinary  resideai 
construction  they  will  heat  to  70°  F.  in  zero  weather.  Marimiun  tsempenta 
of  air  leaving  registers -«  175°  F.  The  detailed  dimension  and  c^iadty-d^ 
other  than  grate-area  and  space  heated,  of  most  f  umaoes  aie  seldom  poblidN 
by  the  manufacturer,  although  there  are  a  few  notable  exceptions,  llie  adS 
size  of  the  furnace  naturally  depends  upon  the  heat-ttanamisiion  of  the  «al 
floors  and  roofs,  plus  the  infiltration-losses,  as  already  explained.  The  cU^ 
however,  b  made  that  these  "in  turn  bear  a  reasonably  uniform  relatioa  to  ll 
cubical  contents  of  the  ordinary  house,"  with  the  usual  proportions  and  rail 
of  wall  to  glass-surCace,  and  that  therefore  the  rating,  as  given,  is  jnsdfiaa 
Tables  XXXVII  and  XXXVIII  were  taken  from  the  Warn  Air  Furnace  Hta 


Table  ZZZVn.    Cepeeity  of  Warm*Alr  Funaces  of  Ordinafy 

Cubic  Feet  of  Spses  Hoalsd 


r 

Divided  space  in  cubic  feet 

Fire-pot 

Undivided  space  in  cubic  fei 

+  X0' 

0« 

-10- 

Diaxn- 

etcr, 

in 

Area. 
sqft 

+  IO* 

©• 

—10" 

13  000 
14000 
17  000 
32  000 
36000 
30000 
35  000 

10  000 

X3  000 
14000 
18  000 
33  000 
36000 
30000 

8  000 
10  000 
12  000 
14000 
zSooo 

33  000 
36000 

18 

30 
33 

24 
36 
38 

30 

1.8 

3.3 

3.6 

31 
3.7 
4.3 

4.9 

17  000 
33  000 
36000 
30000 
35  000 
40000 
SO  000 

14000 
17000 
as  000 
36000 
30000 
35000 
40000 

13  M 
140s 
17  01 
33  M 
36M 
30  4M 
35  «• 

Elie  Design  cpf  a 
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't . 

Casing* 

Area. 

Diameter, 

sq  ft 

• 
m 

Z.8 

30-32 

a. 2 

34-3« 

a. 6 

36-40 

3.1 

40-44 

3.7 

44-SO 

4-3 

4S-J6 

4.9 

5a-6o 

Total  cross- 
sectional 

area  of  heat- 
pipes,  a, 
sq  in 


180 
280 

360 

470 

56s 

650 

730 


Number  and  sire  of  heat- 
pipes  that  may  be  supplied 


3-9"  or  4-S" 

2-10  and  2-9" 

2-9"  and  2-8" 

3-  xo"  and  2-9" 

4-9"  and  2-8" 

3-10"  and  1-9" 

2-10"  and  s-8" 

S-io".-3-9" 

3-10".  4-9"  aad  2-8" 

2-X2",  3-i</'  and  3-9" 

S-xo".  3-9"  and  2-8" 
(3-12".  3-10"  and  3-8" 
\  5-10",  5-9"  and  1-8" 


( 


{-diameter  should  be  such  that  the  minimum  oxiis-sectional  area  M, 
;  and  radiator,  will  be  at  least  20%  greater  than  the  total  cross-sectional 
beat-pipes,  a,  or  if  *  i.j  X  a  sq  in. 

led  by  the  Federal  Furnace  League,  an  association  of  United  States 
yifacturers.  This  association  is  no  longer  in  existence.  If  the 
lie  basement  or  leader-pqies  exceed  12  ft  in  length  or  have  less  than 
e  foot,  or  if  more  than  one  sixth  of  the  outside  surface  of  the  building 
the  furnace  should  be  increased  one  or  more  sizes.  The  size  of  the 
lired  can  also  be  determined  by  the  combined  area  of  the  cross- 
be  warm-air  pipes. 

RiUng  BaMd  on  Sffldency  and  Rtte  of  Combnttion,    The 

IT  that  a  furnace  is  capable  of  imparting  to  the  air  (not  the  room) 
!  estimated  from  the  grate-area  by  assuming  that  the  average  00^ 
•ntain  approximately  x  3  000  Btu  per  lb.  A  combined  fumaoe-and- 
Dcy  of  55%,  and  a  maximum  combustion-rate  of  6  lb  per  sq  f t  of 
lour  for  maximum  conditions  (coldest  weather)  are  also  usually 

«rftce  Reqnirtd,  Based  on  Recireulatioa.  The  area  of  the 
dHy  calculated  as  soon  as  the  heat  to  be  supplied  to  the  building  per 
xn  detennined. 

f  ■  Btu  to  be  supplied  building  per  hour; 

k  m  Btu  required  from  furnace  per  hour  for  heating  the  air  «  .12  H; 

1  ■  heatfaig  value  Btu  of  coal  per  lb; 

I  ■■  combined  fumace-and-grate  efficiency; 

\.  m  rate  of  combustion,  pounds  of  coal  per  square  foot  of  grate-surface 

perhr; 
?  m  grate-area  in  square  feet; 
A-GxCx£xl2-i.2i7. 
k  ■  area  of  grate  in  square  feet  X  12  000  X  0.55  X  5.5 
■  36  300  X  G.  which  is  Btu  transmitted  to  the  air  passing  the  fur- 
nace; 
G  -  (1.2  X  H)/36  300. 
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[lie  usual  aaBUmptions,  witb  akthracttb  fuel  are: 
C  -  12  000  Btu  per  lb; 

/{  "  4  lb  ordinary  rate  and  5.5  lb  for  maximum  conditions  in  coldest 
weather; 

JB  -  0.55; 
hen   G  - h/{i2 000 X  SSX  0.55)  -  A/36 300  -  1.2H/36  300. 

iza  of  Leaden  and  Stacks.  The  area  of  the  air-pipes  Geaders  and  stacks) 
and  for  a  room  depends  upon  the  quantity  of  air  to  be  indroduced  per  min- 
and  the  vdodty  with  which  the  air  will  flow  with  natural  circulation. 

Q/60  ■"  cubic  feet  of  warm  air  to  be  introduced  into  the  room  per  minute; 

V  «  vek>dty  of  air  in  feet  per  minute  attainable; 

H  ■  heat-loss  of  room; 

A  m  area  of  pipe  in  square  feet; 
Q/60  »  AV,  and  substituting  value  of  Q «  H/i.sS; 

A  -  H/i95  X  V). 

le  foflowing  velocities  are  approximately  obtained  in  the  leaders  and  stacks 
k  floors  as  stated: 

First  floor,  175  ft  per  min; 

Second  floor,  240  ft  per  min; 

Third  floor,  310  ft  per  min. 

e  above  vekxades  have  been  observed  in  practice  in  well-designed  systems. 
for  various  floors,  substituting  in  the  above  equation,  in  square  inches: 

Ai  «  B/iis  for  first-floor  pipes,  leaders  and  stacks; 
At  '^  H/iGo  for  second-floor  pipes,  leaders  and  stacks; 
A*  *  H/206  for  third-floor  pipes,  leaders  and  stacks. 

Bulletin  No.  1x2,  Engineering  Experiment  Station,  University  of  Illinois, 

ual  leader  and  stack-sizes  are  based  on  the  above  areas,  using  the  nearest 
ich  for  leader  the  diameter  (Table  XL),  and  keeping  the  stacks  of  such 
rtions  that  the  cross-sectional  dimensions  are  never  in  a  greater  ratio 

to  I .  For  example,  a  stack  4  by  20  in  is  seldom  effective  over  its  full  area, 
s  too  narrow,  and  as  its  large  rubbing-surface  causes  excessive  friction, 
rtual  velocities  obtained,  however,  will  depend  upon  the  head  or  pressure 
^the  flow  and  the  friction-head,  and  will  seldom  exceed  50%  of  the  theoret- 
frlocities.  Table  XL  has  been  recommended  by  the  Federal  Furnace 
i  and  gives  the  sizes  of  round  pipe  for  leaders,  the  size  of  wall-pipe  for 

and  free  areas  of  registers  to  connect  with  same.  Leaders  over  12  ft  in 
should  be  increased  i  in  in  diameter  for  each  5  ft  beyond  12  ft. 

stem*  The  free  area  through  the  ordinary  register-grille  is  only  ap- 
ately  55%  of  the  gross  area,  and  consequently  a  regbter  must  be  selected 
s  a  gross  area  of  double  the  area  of  the  pipe  with  which  it  connects,  in 
hat  the  air-passage  may  not  be  contracted  and  the  capacity  reduced. 
Tcial  register-sizes  are  based  on  the  actual  inside  dimensions  of  the  grilled 
:  and  are  made  either  of  pressed  steel  or  cast  iron,  with  a  variety  of  fancy 
I  grilles.  The  plain  rectangular  griOe  is  to  be  preferred,  finished  to  suit 
orative  scheme,  in  black  japan  or  electro-plated  in  brass,  bronze  or 
finish.  Warm-air  registers  may  be  placed  in  the  floor,  but  preferably 
e  partitions,  for  first-floor  rooms.  By  using  the  modem  base-board 
K»  Fig*  62,  it  is  usually  possible  to  secure  the  required  capacity  without 
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Table  XL.    Capacities  and  IHrneaakms  of  Warm-Air  PHiteg  and  Rtfiilin 

Required  area 
of  register^f ace. 

Diameter  of 
round  cellar 

■                  • 

Proper  siae  of 
rectangular 

■                  • 

Area  of 
riser-pipe. 

or  nser-pipe. 

nser-pipe. 

in* 

in* 

sq  in 

tqin* 

6 

3       X    9M 

aS 

52 

6H 

3)4  X    9H 

33 

62 

7 

3H  Xii 

38 

72 

tH 

3H  XI3H 

44 

84 

8 

3H  Xi4 

SO 

96 

8H 

4      Xi4 

57 

X08 

9 

4       Xi6 

64 

130 

9H 

4       X  i8 

71 

134 

10 

4       X  20 

78 

142 

loH 

6      Xi4Ji 

86 

X5« 

II 

6      X  i6 

9S 

176 

iiH 

6       XI7H 

104 

194 

13 

6       Xi9 

"3 

204 

I2ji 

6       X20H 

133 

233 

13 

6       X22 

132 

242 

13  H 

8       Xi8 

143 

254 

14 

8       XX9 

154 

376 

I4H 

8       X20H 

165 

396 

IS 

8         X23 

176 

320 

x6 

8       X3S 

301 

358 

17 

10        X33>i 

327 

4X0 

i8 

10       X3SH 

2S4 

450 

19 

13         X  33^ 

2«3 

508 

20 

13         X36 

3X4 

554 

31 

12         X38H 

346 

6x8 

23 

14      X  37 

380 

686 

33 

U      X  39H 

415 

707 

24 

X4       X32 

452 

770 

*  When  tbe  reqoired  size  of  pipe  falls  on  the  odd  baU-mch  (as  rVi  8>i  9^  <M 
the  size  may  be  increased  to  the  even  inch  (as  8  instead  of  7H,  9  instead  of  S>i  ffc^ 
for  the  first-floor  rooms  and  bath-fooms;  provided  that  the  pipes  for  upper-floor  loaal 
other  than  bath-rooms,  be  decreased  by  >^  in  when  the  required  sizes  faO  oa  die  o4 
half-inch.  It  is  better,  however,  to  use  pipes  of  the  aizes  given  in  the  above  taUe,  «id 
proper  allowances  for  length  of  pipe,  extra  bends,  etc.,  beyond  straight  runs  xa  ft  ^• 

resorting  to  floor-registers.  These  base-board  registers  can  be  connfrted  to  1 
flue  from  3  to  4K  in  deeper  than  the  studding.  Thu  has  been  aooompiisbedi^ 
making  the  special  base-board  register  so  tiiat  it  projects  3  in  into  the  mn  il 
the  floor-line,  necessitating  the  cutting  out  of  the  floor,  and  also  iitfliani  th 
space  of  about  i  in  occupied  by  the  lath  and  plaster,  or  a  total  increase  in  depd 
of  flue  of  about  3  in.  For  upper-floor  rooms  registers  should  be  jilaccd  in  ioa^ 
partition  walls,  using  convex  registeks  for  shaUow  stacks.  As  a  genefsl  ndi 
warm-air  registers  should  be  so  placed  as  to  shorten  leader  and  stack-coDoectiafl 
as  much  as  possible.  The  use  of  a  floor-register  may  be  permitted  in  an  cotanoe 
hail  for  drying  shoes  and  garments,  but  it  is  unsanitary  aivl  caxmot  fail  U>  oM 
dtit  and  filth  of  all  kinds.  In  case  such  registers  are  used,  however,  suitan 
SBGisiBB-BOxss  inust  be  provided,  and  they  are  preferably  constmcted  irid 
double  walla. 

Example  in  Fmnace-Reating.  A  gravity  furnace-heating  system  istotj 
deaiimed  for  the  two-story  frame  buikliag  shown  in  Fig.  ^  with  inwle  and  m 
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TM*  ZU.    Tabia  ol  Sl» 

o(   Flo«-Raprtu>.   Bi 

M-B«id  Sa^itn  a 

Sa(lit>[-Soi« 

SLwof 

Siwot 

SiMOt 

3iwof 

Siwof 
ngiiter- 

boKtO 

Siieof 
bMe-bo«d 

bOMd 

Si»(< 

round 
celUr- 

rotind 
floor- 

Kctanoular 

b«e.bo«d 

-"-— - 

i.  no  limit 

of 

todrptto 

m 

In 

b 

g 

aM  Xio 

7   XIO 

««Xio 

7   X" 

ta 

3W  Xio 

7  Xio 

3!i  Xio 

3ii  X  i» 

7  Xio 

3!(  Xio 

»H 

9  X.12 

aH  Xu 

7  XII 

4M  Xu 

!  XiJ 

•    X  13 

6M  Xu 

lo  XiJ 

6H  X  11 

10  M 

lo  Xl« 

ta  XI3 

to  Xij 

6M  Xi3 

la  Xi4 

i»  Xia 

6«  XIS 

JM  XiS 

uM 

■4  Xi6 

6M  XI8 

i»  Xi! 

6M  Xil 

14  Xi8 

HH 

Number 

M.„™...„ 

Nominal, 
in 

Inilds. 

Ontaide. 

:: 

3      x" 
6MXM 

aMX.o 
»HXn 
3     Xio 

3     XlJ 

jMxIs 

3     XioH 
3      XliH 

aKXioM 

3MXia« 
jMxijW 
sMXijM 
6HXt3M 

ii 

Go 

Number 

CollarHliamet«. 
in 

a™  of  collar, 

«]in 

eonvia  oi  tnla. 

i» 

«.  9  and  10 

II  and  «3 

SI  und  7SM 

6,  and  78  M 
61  .ud  78  H 

78  M 

6X  B—  8X10 

8XIO—  9Xri 
•  Xto— .0X14 
loXli— loXl« 
IoXi»— ioXi« 
ioXt4— I*XI4 

:  IDesign  at  a  Fumoce-Heatme  System 


1t.(t'    Fanoo-ktiliiig  UtouI.    (See  dkU  Id  Tible  XLVI) 

di  ilw  give)  tbc  uze  of  heat-[Hpe3.  leaden  and  aticki,  >nd  regiiter- 

tviBMa  ud  OnI«.  The  die  of  the  funuux  is  calcul&ted  on  tbe 
1  thit  ill  tbe  »ir  is  taken  from  the  outside.  The  total  calculated  heat- 
Huldingper  bow  is  ii4S58Btu,  which,  multipUcil  by  i.i,  and  divided 
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T«bl6  ZUn.    Dimtnitoai  of  Bieeliior  Siacle  Funuo«-Pip« 

Excelsior  Steel  Furnace  Company 


Put 


Measurement 

Size  of  boot- 

Capacity  of 

Capacity  of 

in  inches 

collafs.  diameter. 

collars. 

pipe. 

m 

sq  m 

sq  m 

3      Xio 

8 

51 

30 

3HX10 

8 

51 

35 

3      X12 

8  and    9 

51  and    63 

36 

.  3HX12 

9 

63 

42 

3HX13 

9  and  10 

63  and    78 

45 

SHX12 

xo 

78 

66 

SHXIA 

12 

114 

77 

SHXI6 

12  and  14 

114  and  154 

88 

7HXX6 

14 

154 

1X3 

NoTK.    Stacks  sV^  in  deep,  made  to  onter  only.    With  fnctionless  boots,  coflaxs 
ame  can  be  made  with  a  diameter  equal  to  width  of  stadc.    Collars  xi  in  ii 
umished  when  so  ordered. 


Table  ZLIV.    Capacitief  and  Dimeasions  oi  Fresh-Air  I>iicts, 


Size  of  hori- 

Size of  hori- 

Cross-section 
area  of  hori- 
zontal portion 
of  fresh-air 
duct, 

• 

Sise  oC  fresh- 
air-room; 

Sise  of  fresb- 
air  intake 

zontal  portion 

zontal  portion 

length  and 

(area  of 

of  rectangular 
fresh-air  duct, 

of  round  fresh- 
air  duct. 

width  (height 

same  as  depth 

of  cellar). 

WtjrvtsX'Wat 

netting,  not 

indudixig 

frame). 

in 

in 

in 

in 

ta 

8X18 

1-14 

X44 

z6X^ 

t2Xi6 

8X21 

1-15 

168 

31X48 

14X16 

8X24 

1-16 

192 

24X48 

x6Xx6 

loXat 

1-16 

210 

21X60 

X4X20 

10X24 

X^i8 

240 

24X60 

i6Xao 

10X27 

2-13 

270 

27X60 

XSXao 

10X30 

2-14 

300 

30X60 

20X20 

12X27 

2-14 

324 

27X72 

18X24 

12X30 

2-15 

360 

30X72 

20X24 

12X33 

2-16 

396 

33X72 

22X24 

12X36 

2-17 

432 

36X72 

24X24 

12X39 

2-17 

468 

39X72 

24X26 

14X36 

2-18 

504 

36X84 

24X2S 

14X39 

2-19 

546 

39X84 

26XSS 

X4X42 

2-19 

588 

42X84 

28X28 

14X45 

2-20 

630 

45X84 

28X10 

14X48 

2-21 

672 

48X84 

98X32 

14XSI 

2-21 

714 

5XX84 

«8X34 

16X48 

2-22 

768 

48X96 

33X32 

16X51 

2-23 

8x6 

51X96 

32X34 

16X54 

3-24 

864 

54X96 

32X36 

16X57 

2-24 

912 

S7X96 

32X38 

16X60 

2-25 

960 

60X96 

32X40 

.   .,                J 
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bit  XL?.    SiMa  aad  CapMitiM  of  Wooden  Radstar-Paeos  for  CaM-Air  Dvcta 


Sixe 


2X30 

2X24 
2X30 
4X20 
4X26 
6X20 

5X24 
6X30 
8X24 
8X30 

»X20 
0X24 
0X26 
1X30 


Net  area 
of  air-space, 

sq  in 


135 

i6z 

ao2 

IS7 
203 

179 
21S 
369 

342 
303 
324 

269 
291 
336 


Nearest  sise 

of  round 

pipe  of 

equivalent 


area, 
in 


Sice. 


in 


Net  area 
of  air-space. 

sq  in 


13 

14 
z6 

14 
z6 

14 
16 
z8 
X» 
30 
16 
18 
Z8 
30 


34X24 
24X26 

34X30 
28X28 

30X30 
36X20 
36X24 
36X30 
36X36 
73X18 
72X20 
72X24 
72X30 
72X36 


323 

349 
403 
439 
S04 
403 
484 
60s 
72s 
726 
$06 
968 
X  210 
I  450 


Nearest  ttxe 

of  round 

pipe  of 

equivalent 
area, 

in 


ao 
20 
22 
22 
26 
33 

24 
38 

30 


Table  ZLVL    Fnmaca-Haatiac  Ezampla  (See  Fig.  99) 


First  floor 


)ic  feat 

kt-Ioas.  0.  in 
tu  per  hour. . . . 
»  of  heat-pipe. 

17 

—  sq  In. 

IS 

neter  of  leader 

inches 

of  register  in 

bes 


Parlor 

Hall 

'  Dftiing- 
room 

3  3ftO 

3  170 

3400 

X4  8S5 

13  400 

11  6SS 

127 

116 

lOI 

X3 

13 

IX 

X3XI8 

1 

12X18 

12X15 

Library  ;  Kitchen 


3  380 
IX  SIS 

xoo 

XI 

X2XXS 


3  600 

II  127 

96 

ZI 

I2XIS 


Beat-loss 

of  kitchen 

bbasedon 

kitchen- 

raABe 
supplying 
one-half 

the 
required 
amount. 


teaod.  floor 


ents  in  cubic 

-loss     in   Btu 

hour 

of  h.eat-pipe. 


'  sq  in. 


eter  of  leader 
icties 

in   inches. . . 
f  register  in 


Chamber 
No.  I 


3  052 

14370 

89 

10  H 
sHXi6 


Chamber 
No.  2 


I  4S8 
12  000 

10 
SHX14 


Chamber 
No.  3 


I  746 
10413 

65 


Chamber 
No.  4 


I  206 
9070 

S6 


9  9 

SMX12    SHXX2 


12X14  I  10X13  '•■  10X13  I    9X13 


Chamber 
No.  s 


I  242 
xo  883 

68 

9 
SHX12 

XOXl3 


net  area  of  register-faces  is  assumed  to  be  55%  of  the  gross  area. 
tXs  X  .S  times  the  area  of  the  leader-pipe. 


Bath- 
xt>oili 


570 
S400 

34 

8 

SHXiQ 

XOX13 


The  groe 
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by  36  300,  the  heat  available  from  i  sq  f t  of  grate  when  binning  5.5  lb  of  oo4 
of  12  000  Btu  heat-value  per  pound,  at  55%  efficiency,  gives  4.x  sq  ft  as  till 
grate-area.  This  will  require  a  grate  of  28-in  diameter.  This  building  has  1 
net  volume  of  26  000  cu  ft,  and  by  reference  to  Table  XXXVII  it  is  seen  that  i 
28-in  grate  is  recommended  for  this  amount  of  divided  space.  The  furnace,  ii 
this  problem,  has  been  located  practically  in  the  center  of  the  house,  but  on  tlx 
north  side  of  its  east  and  west  axis,  giving  a  direct  cold-air  coimection  bom  tU 
north  wall  and  short  direct  runs  for  most  of  the  leaders. 

Leader-Layout.  The  leaders  may  be  laid  off,  as  shown  in  Fig.  55  and  in  Fig 
48,  by  dividing  up  the  circumference  of  the  bonnet  into  areas  proportioDal  a 
the  amount  of  air  to  be  distributed  by  each  leader,  and  then  connecting  colla 
and  leader  radially  to  furnace-cap,  making  one  or  more  elbows  in  the  leader,  i 
necessary  to  connect  with  stack.  Another  method  is  to  run  practically  al 
leaders  direct  from  furnace  to  foot  of  stack  (Fig.  49)  and  cut  the  collars  in  on  tk 
angles  at  which  they  intersect  the  casing.  The  former  method  b  recommended 
and  requires  less  skill  in  installation.  The  basement  heating-plan  is  shown  oi 
the  first-floor  plan,  which  also  shows  all  stack-si2es  to'  both  floors.  FVxh 
registers  have  been  shown  on  the  first-floor  plan  in  order  to  simplify  the  layou 
and  make  the  plan  dearer.  In  general,  base-board  registers  are  to  be  paefaied 
The  sum  of  the  areas  of  leader-pipes  is  927  sq  in. 

Hot-Blast  Heating 

General  Features.  The  mechanical  indirect  method  of  heating,  commoDl 
known  as  the  blower  systeu  or  hot-blast  system,  particularly  adapted  to  t| 
warming  and  ventilating  of  large  structures,  is  made  up  of  three  units:  (i)  i 
HEATER  constructed  of  pipes,  tubes,  or  cast-iron  sections,  through  which  stcao 
hot  water  or  hot  gas  may  be  passed.  (2)  A  fan  or  blower  to  circulate  air  ov« 
the  heater-surfaces,  the  air  acting  as  a  heat-carrier  or  medium  of  heat-tnmsfc 
(3)  A  SYSTEM  OF  DUCTS  OR  PIPES  to  couvey  the  heated  air  from  the  healer  1 
points  where  heat  may  be  required.  When  the  heater  is  located  between  tl 
fan  and  main  duct,  the  combination  is  termed  blow-through,  and  when  tl 
fan  is  installed  between  the  heater  and  the  duct,  the  arrangement  is  knetvn  i 
DRAW-THROUGH.  These  two  arrangements  are  shown  in  Fig.  57.  The  dsai 
through  combination  is  more  often  used  for  shop  and  factory-installatioi 
where  compactness  is  desirable,  the  blow-through  combination  being  use 
principally  for  hot-and-cold  systems  as  installed  in  schools  and  public  building 

Advantages  of  the  Blower  or  Hot-Blast  System.  The  advantages  of  tl 
blower  or  hot-blast  system  over  those  of  direct  radiation,  briefly  summaiiae 
are: 

(i)  When  ventilation  is  a  requirement  in  order  to  maintain  a  healthful  atsoo 
phere,  this  method  affords  a  positive  means  of  accomplishing  this  porticvlail 
desirable  result,  which  is  entirely  independent  of  the  changing  dimatic  001 
ditions. 

(2)  When  a  standard  humidity  of  the  air  is  to  be  maintained,  a  feature  whk 
is  becoming  to  be  more  generally  recognized  as  desirable  iii  any  heating-am 
ventilating  installation,  and  quite  essential  to  the  successful  manufacture  < 
some  materials,  the  humidifying-apparatus  may  readily  be  made  an  ioie^ 
part  of  the  system. 

(3)  A  much  smaller  amount  of  radiating-surface  is  required  to  perform  1 
equal  heating-duty,  with  a  consequent  reduction  in  the  number  of  steam-ti|! 
joints,  unions  and  valves  to  keep  in  repair. 

(4)  The  air-leakage  being  mostly  outward,  the  building  will  in  general  be  tin 
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n  dnfts  and  more  unifonaly  Iieated.    If  the  air  is  simp^  redrcuJatod,  no 

ik  air  being  taken  into  the  heating  system  from  the  outside,  the  above  state- 

St  does  not  apply.    The  pressure  of  the  air  in  the  building,  even  when  all  of 

air  is  taken  into  the  heating  system  from  the  outside,  is  comparatively  feeble, 

.  some  air  will  enter  by  infiltration  through  the  window  and  door-cracks  on 

windward  side  of  the  building,  although  the  statement  is  often  made  that 

leakage  being  all  outward,  prevents  the  infiltration  of  cold  air  from  the 

ide. 

;)  This  system  is  more  easily  regulated,  and  readily  responds  to  changing 

ide  temperatures. 

)  The  air  entering  for  ventilation  may  be  conveniently  cooled  in  simmier, 

;r  by  the  circulation  through  the  heater  of  cold  water  or  of  brine  previously 

id  by  mechanical  refrigeration. 

)  Simply  running  the  fan  will  in  itself  greatly  relieve  the  oppressiveness  in  hot 

Y  weather,  and  when  cold  water  is  circulated  through  the  coils  the  di£ference 

cy  noticeable. 

picol  Arrangements.  When  ventilation  is  not  a  requirement,  or  when  it  is 
vely  unimportant,  as  is  frequently  the  case  in  shop  or  factory-heating  where 
umber  of  persons  vitiating  the  air  is  small  compared  with  the  cubical  oon- 
of  the  building,  the  air  may  be  simply  kecircxtlated,  sufficient  fresh  air 
mtilation  being  supplied  by  infiltration.  The  amount  of  heat  to  be  sup- 
the  heater  in  this  case  is  the  same  as  would  be  required  for  a  direct-radiation 
lation.  When  ventilation  is  a  requirement  to  be  met  a  cold-aik  intake 
vided.  Since  the  amount  of  air  necessary  for  heating  is  generally  in  excess 
amount  required  for  ventilation  considerable  economy  may  be  effected  by 
iilatiiig  a  portion  of  the  air.  In  this  case  only  sufficient  fresh  air  is  drawn 
be  system  from  the  outside  to  meet  the  ventilation  reqiurement  and  the 
ider  of  the  air  necessary  for  heating,  is  recirculated.  This  may  be  readily 
d  by  an  arrangement  of  ducts  and  dampers  on  the  suction-side  of  the  fan. 
fresh  air  introduced  is  to  be  vrashed  or  conditioned  the  washer  or  humid- 
id  tempeiing-coil  may  be  added  between  the  inlet  for  the  recirculated  air 
e  fresh-air  intake. 

mat  of  Air  to  be  Ctrcnlated  for  Heating.  The  weight  of  air  to  be  cir- 
1  per  hour  for  heating  a  room  or  building  is  found  by  dividing  the  heat- 
7  by  the  amounts  of  heat  given  up  by  i  lb  of  air  in  cooling  from  the  tern- 
re  at  the  duct-outlets  to  the  mean  room-temperature. 

H  —  heat-loss  <^  room,  Btu  per  hr; 

M  —  weight  of  air  to  be  introduced  in  room  per  hour; 

/  —  mean  inside  temperature; 
td  —  temperature  of  air  leaving  duct-outlets. 

M  -  H/[o.24Ud  -  /)I 

temperature  td  depends  upon  the  temperature  of  the  air  entering  the 
the  velocity  through  the  clear  area,  the  amount  of  heating-surface  and 
rperature  of  the  steam.  This  temperature  in  practice  ordinarily  ranges. 
5**  to  ISO*  F.  and  may  be  readily  determined  for  any  specified  condition 
data  given  later  imder  Hot-Blast  Heaters.  The  temperature  of  the  air 
the  duct-outlets  for  ordinary  installations,  when  the  ducts  are  not  run 
ound  or  in  outside  walls,  may  be  assumed  to  be  the  same  as  the  tempera- 
of  the  air  leaving  the  heater.  Any  loss  in  temperature  in  this  case 
^ard  heating  the  building  and  is  therefore  not  a  direct  loss.  If,  how- 
e  ducts  are  run  underground  or  in  outside  walls,  a  considerable  loss  in. 
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temperature  may  occur,  which  is  a  direct  loss,  and  must  be  pto^Cded  for  ^ 

IttCMZASmG  THE  TBMPEAATURE  OP  TflE  AIR  LBAVINO  TKB  BEATEn  by  «&  UBOm 

equal  to  the  eetraiated  temperature-drop  in  the  ducts. 

Temperature  of  Air  Entering  Heater. 

Let  ti  «  temperature  of  air  entering  heater; 
Cq  »  outside  temperature; 
/  B  mean  inside  temperature; 
/i  B  temperature  of  air  leaving  heater; 
(j)  When  the  air  is  aH  recirculated,  /i  »  t; 
(b)  When  fresh  air  only  is  circulated,  h  =  tg; 

{c)  When  a  portion  of  the  air  is  recirculated  the  resulting  temperature  of  d 
mixture  of  fre^  and  recirculated  air  may  be  found  by  the  method  of  mdcicis 
Let  Mv  ■•  weight  of  fresh  air,  pounds  required  per  hour  for  ventilatkm  C 
cu  ft  per  min  per  person); 
■■  0.075  X  I  800  X  number  of  persons  (usual  requirements); 
Mr  ■-  weight  of  air  that  may  be  recirculated; 
M  "M^-^Mf 

F  -  0.24  (J^»  +  i^rXte  -  0. 
Havixig  aaBuraed  or  fixed  the  value  of  td,  the  only  unkaovm  quantity  is  Mr. 

The  temperature  /i  may  then  be  found  as  follows: 

MvXQo  +460)  -^ 

Mr  Xit+  460)  -  B 

{Mv  +  Mr)  (fx  +  460)  -  4  +B 

or  «i  -  (>1  +B)/{Mv  +  Jff)-4€o 

liampla.  The  ]iei^-lo88£rforaoeitainfactonr-boildincis7o6ooBtnpB 
The  number  of  men  employed  is  50.  Mean  inside  teMperBtne  I  *4$* 
Outside  temperature  to  "O^  Y.  Ventilation  is  to  be  provided  at  tis  all 
1800  cu  ft  of  fresh  air  per  hour  per  person.  Asauaoed  tempexatiue  cf  air  kai 
duct-outlets  is  135^  F« 

Seltttfon.    M9  ->  o^s  X  x8oo  X  50  •-  6  750  lb  per  far  freak  ak  fer  veii 

tion.    The  weight  of  air  that  may  be  recSvculated  is 

Mr  -  706  ooo/[o.24(i3s  —  65)!  —  6750  ••  35  S73  Ibper  fer 

The  temperature  of  the  air  entering  the  heater  will  be: 

6  750  X  (  o  +  460)  -    3  los  000 
35  273  X  (6s  +  4fio)  -  j8  516  7SO 

[k  -  <aj  621  1So/a2  023)  —  460  —  55*  F- 

If  FSESH  AIR  ONLY  IS  to  be  used,  as  in  school-house  and  puhtic-buUdiac  faej 
the  weight  of  air  to  be  circulated  is  determined  directly  by  the  vcotfl^ 
requirement. 

Then        M  ^  Mt  »  B/[o.24(id  -  01,  or  <d  -  (AT  +  0.24  Mt^/0.24  Mw 

Temperature  of  Air  at  Dact-Oadeta.  When  heatiaK,  by  the  holj 
.system,  a  buikiing  containing  a  number  of  rooms  having  dtffereat  heaM 
And  venttiatioQ  requirements,  it  is  obviously  impoaible  to  *^*m**^^  the  d4 
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pentnre  by  coDttdHisig  the  temperabixe  (It)  of  the  air  leaving  1^  beater  at 
fnint.  The  temperature  t4  of  tlie  air  leaving  the  duct-outlets  yfM  ocdinarily 
Kdfeient  for  each  room  in  the  faidlding,  as  shown  in  the  ioloving  example. 

;  lesult  is  accomplished  by  the  double  plenum-chamber  system  described 

> 

DUBple.  Let  it  be  required  to  determine  the  temperature  of  the  entering 
td)  to  o£fset  the  heatrloss  and  provide  ventilation  for  the^veral  rooms  as 
1  in  Table  XLVII.    Inside  temperature  (/)  to  be  maintained  is  70**. 


Table  XLVU.    Data  for  Bzample 


Number 

of 

occupants, 

» 

Ventilation 

Heat-loss, 
H 

Tempera- 
ture of 
entering 
air.  td 
(see  formula) 

00m- 
mber 

Cubic  feet 

p^  hour 

at  70% 

I'SooXn 

Weight 

per  hour, 

M9 

1-2 

[an 

so 
53 

90  000 
95400 
30  000 

6750 
7  I2S 
2  250 

32  000 

21  000 

4  000 

89. 5 
82.2 

77.4 

iperature  wf  Air  Leaving  Heater.  If  aH  of  the  air  is  first  warmed  by  the 
UKC-OOIL  to  70°  F.,  and  a  mixture  of  apporonmately  (i  —  x)  parts  of 
ed  air  and  x  parts  of  hot  air  is  to  be  used,  then  the  required  temperature  of 
:  air  leaving  the  heater  may  be  determined,  for  any  particular  case,  by 
FHOD  OF  MIXTURES  previoudy  given;  or,  assuming  this  temperature,  the 
ions  of  hot  and  tempered  air  may  be  determined. 

iple«     Required  the  temperature  of  the  hot  air  {tji)  leaving  the  heater  for 

—  2,  (Table  XLVII)  if  the  mixture  entering  the  room  is  made  up  of 

'  tempered  air  at  70°  and  one  half  hot  air.    The  total  weight  of  air 

:  the  room  is  7  125  lb  per  hr,  or  3562.5  lb  of  tempered  air  and  3562.5  lb 

IT. 

w.    3  562-5  X  (70+460)  4-  3  562.5  X  {th  + 160)  -  7  125  X  (82.2  +460). 

I  -  94- 

ling  a  temperature  of  /a  •-  1 20°,  it  is  required  to  determine  the  relative 

yns,  by  weight,  of  the  mixture  required. 

«>  parts  of  hot  air  in  mixture.    Then  (i  —  x)  *  parts  of  tempered  air. 

X(l20  -f  460)   +  (l    -  X)    X  (70  +  460)    -  (82.2    +  460) 

X  ■-  0.244  and  (i  —  x)  —  0.756 

prpUed  for  Ventilating  Purposes  Only.  A  combination  of  direct  radia- 
»CFset  the  heat-loss  H,  and  a  hot-blast  system,  to  supply  the  fresh  air 
T  ventUation,  is  sometimes  installed,  in  this  case  it  is  customary  to 
eater  of  sufficient  capacity  to  warm  the  air  for  ventilation  to  about  80°. 
r  used  far  this  puqx>se  is  made  three  sections  deep  and  is  often  termed  a 

B-COH. 

d'-C^d.  Syatens.    In  order  to  acconiplidii  the  results  required  in  the 

example,  the  so-caited  hot-and-cqlo  system  or  DOUBLB-PLEMinML- 

TYSXEM  is  used.    All  0^  the  air  drawn  into  the  system  from  the  outside 
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is  Gut  iJBBod  ttmnigh  «  lEimuHG-coiL,  which  is  doiKiud  to  beat  tht  u  ■ 
■MiroiimUely  ;o°.  A  portioii  of  the  temiiered  air  u  then  paMcd  throu(k  ■ 
heater  and  railed  to  115'  to  iSO*-    Then  if  vaiyiat  praportkuu  of  the  bstia 


H>.n.  SlBfllMliictSntaB 


FIe.  ET.  Tjrpet  of  Heata-Jacketi  ' 


Fin.  te  lo  aa    DetiHi  ol  Ducti  fn 


■nd-cold  Rcattai  SjiteiM 

«c(ly  muied  the  mulUag  temperature  (U)  b  reacSlr  cm 
rolled  without  varying  the  quantity  of  ail  discharged,  which  evidently  ma 
•miJn  constant  00  account  of  the  ventilation  requirement.    Thoe  are  !■ 
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luds  o(  dhtributhm  used,  as  shown  in  Figs.  66  and  58.  Referrmg  Co  Fig.  58 
seen  that  Ibe  bol  uid  tempered  »ir  meet  at  the  end  of  the  plenum-chamber 
ke  eutnnoe  to  the  ducts,  and  the  temperature  of  the  mixture  is  ooatroUed 
he  mxitra-DiuiFERS,  which  toay  either  be  haod-operated  or  placed  under 
(iiatic  t)Knna>t*Cic  control.  It  will  be  observed  Chat  the  plenum-chamber 
vided.  and  that  each  duct  serving  a  room  has  its  own  independent  set  of 
Qg-dampcn.  This  method  of  distribution  is  known  as  the  sinole-duct 
EH  and  is  ficquently  employed  where  Cbe  insUllatioa  of  the  double-duct 
EM,  as  dtsciibed  below,  ia  not  feasible  or  is  undesrable.  Fig.  56  shows  a 
le  set  of  ducts  run  from  the  plenum -chambet  to  the  base  of  each  vertical 
ooecanyinglhehot  air  and  the  other  the  tempered  air,  the  miring  being 
It  the  base  of  the  flue  as  shown.  The  miring-dampert  (Fig.  60)  may  be 
oiled  by  hand  by  means  of  a  chain  carried  up  the  flue  and  run  inio  the 
at  a  point  several  feet  above  the  floor-line,  or  placed  under  auComatic 
UHtaCic  control  tfaiough  the  medium  of  a  com[Kesaed-air-operated  damper. 

Hot-BUn  HMten 


Fig-  Gl.    Pipe^cuil  Heater-base 

tg  on  the  manufacturer,  of  i.in  pipe  screwed  into  a  cast-iron  base  and 
■om  7 1(  to  1%  in  on  centers,  the  pipes  in  each  row  being  cross-connected 
ip  by  the  use  of  nipples  and  ells.  Ilie  arrangement  of  coils  and  the 
of  dividing  the  ba.<ie  by  a  vertical  partition,  running  longitudinally,  in 
iieparate  the  supply  and  return  as  used  by  the  American  Blower  Com- 
:  shown  in  Fig.  61.    A  base  with  its  accompan>'ing  pipes  is  termed  a 
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•EcnoN.    The  beater  ii  nude  up  of  a  number  of  luch  BcctioDs  endiMed  It, 
EHEEi-sixEi.  JACKET,  usually  No.  11  gaugc. 

Catt-Inm  luUract  Raaten.  ^ledal  cut-inm  sections  for  indirect  beau 
are  often  uied,  and  Fig.  62  ibmrs  ■  cut-iron  heating-unit  or  lectioD,  naa 
Venio,  manufactured  by  tlie  American  Radiator  Company,  which  i*  quite  wih 
uied  in  this  claa  of  worlc.  A  stack  nude  up  of  Kvenil  sections  has  a  Kual 
number  of  jointi  than  a  [ipe-coil  tection  of  eqiaX  beating-surfa«.  The  ded 
oration  of  the  cast-iron  sectional  type  of  beater  is  pracCicBlly  nothing  tuxpt  I 
the  rigbt-baod  and  left-hand  hexagonal  niiqilea  connecting  the  unit*  whU ; 
to  Duke  I4> a  itack.    Then  are  three  itandard  length* of  Voto  htatn  wiilii 


.    Flan  of  the  Anembly  of  a  VentD 


Table  ZLVm. 

mto  Hol-Blail  B«atsi-Data 

Lenslh  of 

Heating- 
iquire  t«t 

Pr»  area  in  Kjuire  [cct. 

Ratio,  sqnan 
f«t  heatiB*. 

4H     \      s      \     SH 

"""" 

60 

\iZ 

o'.6s 

0   77 

;;L" 

n  39 

t  Hot-Bla*t   H«ater«.     Ganeral   Conditiona.      In  select 

the  size  of  a  heater  for  any  particular  service  the  choice  is  baaed  on  the  C 
temperature  desired  and  the  free  aKea  required  for  a  certain  alkiwable  vetocj 
That  is.  for  any  spcd&ed  initial  and  final  tempeiature  deaicd,  and  a  c^ 
number  of  sections,  a  final  temperature  results  when  the  velocity  has  been  fi| 
Id  advance,  Good  practice  limits  the  velocity  to  the  values  gii-en  by  tliei 
lowing  lauks.     Utgb  velocities  are  objectioDable  in  puhlic-buUdiug  nckl 
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Mint  of  the  resuhixig  noise.  The  renstaace  through  the  heater  increases 
voportioa  to  the  Gqtiare  of  the  velocity,  which  adda  to  the  power  required 
love  the  air  as  the  vekxaty  is  increased,  as  will  be  noted  later. 

Btin{  of  Hot-Blast  Heaters.  The  rating  of  an  assembled  heater  of  sev- 
aectioos  (pipe^ooil  type)  or  stacks  (Vento  type)  is  baaed  on  the  tbmpsratuxe- 
of  the  air  passing  over  the  heating-surkce  for  certain  velocities  through  the 
or  unobstructed  area  of  the  heater-faoe.  The  velocity  is  based  on  the 
me  of  air  at  an  assumed  temperature  of  70**  for  convenienoe  in  rating. 

t  M  m  weii^t  of  air  to  be  circulated  through  heater  per  hour; 
.07s  "■  density  of  air  at  70'; 

A  "  free  area  of  heater  in  square  feet; 

V  «■  velocity  of  air  in  feet  per  minute  through  free  area  based  on  70* 
temperature. 

en 

A  -  J//(6o  X  0.07S  X  K)  -  MU-sV  aq  ft. 

e  following  tables  will  serve  as  guides  in  selecting  the  velocity  V  and  the 
iER  or  sEcnoNS  OR  STACKS  for  vaxious  purposes. 

XaUa  ZLDL    Allowable  Velodtiea  of  Air  through  Vento  Heaters 
Referred  to  a  temperatuie  of  70*  F. 


ritixnber  of 
stacks  deep, 
xcgular  5  in 

oneenters 

Public-building 

work,  velocity  in 

feet  per  minute 

Factory  work, 

velocity  in  feet 

per  minute 

4 
5 
6 

7 

• 

X  000  to  1  500 
x  000  to  X  300 

I  000  to  X  900 

900  to  X  100 

800  to  X  000 

I  200  to  I  600 
I  200  to  I  600 
X  200  to  X  600 
I  200  to  X  500 

X  200  to  X  400 

U     number  of  Beater-Sections  for  Pipe-CoU  Heaters  or  Stacks  of  Yenta 

Ordinarily  Required 


Service 

Number  of 

seccions 

or  stacks 

Number  of 
rows  of 
i-in  pipe 

c  buildings,  fresh  air,  exhaust-steam 

trittl  bnildinsrs.  fresh  air.  4-lb  sauflfe  - ...  -  r ... . 

5 
6 
7 
S 
•3 

20 

24 
28 
20 
12 

trial  bvildings,  fresh  air.  exhaust-steam 

trial  buildings,  recirculation,  5-Ib  steam 

^riniz-coUs.  £mh  ai^ .  eThaust-st£ana .......  t  -  - 

^esmtur^Ritfe.  The  temperature-rise  of  the  air  passing  thnough  hot- 
satefB  ol  various  types  has  been  well  established  by  experiaient,  the 
manufacturers  having  published  the  results  in  the  form  of  bulletins  and 


pie.     It  is  required  to  determine  the  size  of  a  Vento  hot-blast  heater  to 
lie  neoessary  heat  for  a  public  building,  the  calculated  heat-loss  of  which 


1332 


Heating  and  Ventilation  of  Bufldings 


Part 


is  H  »  t  420  000  Btu  per  hr  for  70"  inside  and  o**  outside  temperature.  Hi 
temperature  of  the  air  entering  the  rooms,  <tf,  is  to  be  appcoximateiy  1 20".  Th 
steam-pressure  is  5 -lb  gauge.    The  temperature  of  the  air  entering  the  heati 

*        o 
IS  O  . 

Solution.  First  determine  from  Table  LI  the  number  of  stacks  deep  reqmif 
for  F.T.  at  120^  and  entering  air  at  o^,  using  a  velocity  of  xooo  ft  per  mi 
This  condition  calls  for  a  5-stack-deep  heater.  Then  determine  the  weight  < 
the  air  to  be  circulated  per  hour. 

M  -  H/[o.2^(M  —  /)]  -I  420000/10.24(120  —  70)  J  —  118  333  lb 

The  free  area  required  is 

A  -  118  333/(4-5  X  I  000)  -  25.1  sq  ft 

Table  LL    Final  Temperatures  and  Condentations»  Veato  Heaters 

Reerular  section,  Standard  spacing,  5-in  center  to  center,  of  loops.  Steam,  s-lb  gam 
C  is  the  condensation  in  pounds  per  hour  per  square  foot  of  beating-suiface.  F. ' 
b  the  final  temperature  of  air  leaving  heater. 


Velocity  through  heater  in  feet  pei 

'  minute,  measured  at 

70* 

Number 
of 

Temperature 

of  entering 

air 

X  000 

1 
I  200 

1 
1400   ; 

X  600 

stacks 
deep 

F.T. 

c. 

F.T. 

C. 

F.T. 

C. 

F.T.   C. 

' 

20 

SI 

1.99 

49 

2.23 

47 

a. 4a 

45 

a.5« 

30 

60 

1.92 

58 

2.17 

se 

».33 

54 

2.4« 

z 

40 

68 

Z.80 

66 

2.00 

64 

a. 16 

62   2.2C 

60 

84 

X.54 

82 

1.69 

81 

i.«9 

80  1  2.0$ 

. 

70 

92 

X.4I 

90 

1.54 

89 

X.71 

88   X.85 

' 

20 

76 

X.80 

72 

2.00 

69 

a. 20 

66   2  36 

30 

8;j 

X.70 

79 

X.89 

76 

a. 06 

73 

3.21 

2  ■ 

40 

90 

1.60 

86 

1.77 

83 

1.93 

81 

a.ie 

60 

103 

1.38 

xoo 

1. 54 

98 

1.71 

96  I  «S 

. 

70 

no 

1.28 

107 

1.42 

xos 

1. 57 

103   X.69 

1 

20 

97 

1.6s 

92 

1.8s 

88 

2.06 

85  ■  2.2a 

30 

103 

1.56 

98 

1. 75 

94 

X.91 

91 

2  oS 

3 

40 

109 

1.47 

104 

1.64 

100 

1.79 

97 

I  95 

60 

120 

x.aS 

1x6 

1.44 

113 

X.58 

IIO   X-TX 

1 

70 

126 

X.20 

122 

1.34 

119 

T.46 

1x6  ♦  I.S7 

' 

20 

IIS 

X.52 

XIO 

1.73 

I  OS 

1. 91 

xox  1  2.0l 

30 

120 

X.44 

IIS 

1.63 

no 

1.80 

106   X  OS 

4 

40 

124 

1. 35 

119 

X.S2 

IIS 

X.68 

IXX 

X  3J 

60 

134 

1. 19 

129 

1.33 

125 

X.46 

122 

X-SJ 

70 

138 

1.09 

134 

X.23 

131 

1.37 

128   I.4S 

20 

130 

1. 41 

124 

1.60 

119 

X.78 

1X4 

1:11 

JO 

134 

1.33 

128 

I. 51 

123 

1.67 

XX8 

S 

40 

138 

1.26 

132 

1.42 

127 

1.S6 

123 

I.T« 

60 

145 

1.09 

140 

1.23 

136 

1.36 

133 

x.5« 

. 

70  • 

149 

1. 01 

144 

I  14 

141 

i.a7 

138 

X-4« 

1 

20 

142 

X.30 

136 

1.49 

130 

X.65 

xa6 

x.ll 

30 

145 

X.23 

139 

1.40 

134 

1.56 

130 

1.7^ 

6 

40 

Z48 

LIS 

143 

1.32 

X38 

1.47 

134 

l.tl 

60 

155 

X.03 

ISO 

x.xs 

146 

x.a9 

14a 

im 

• 

70 

•  •  • 

•  •  •  • 

•  •  * 

«  •  •  * 

a  «  • 

•  •  *  ■ 

M   *   « 

* .  •  • 

20 

152 

I. 21 

X46 

1.39 

X4X 

X.55 

136 

X.Ti 

7 

30 

ISS 

I. IS 

149 

X.3X 

144 

x.46 

139  :  ^M 

40 

158 

1.08 

153 

t 

1.24 

X48 

1-39 

143 
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M»  LI  (CoBtoHMd).    Fiaal  TempentuM  and  CnndnnMtfaMM,  Vesto  HMtoct 


Velocity  through  heater  in  feet  per 

minute 

.  measured  at 

70« 

mbei 
of 

^   Temperature 

I  ooo 

X  300 

• 

X  I 

|00 

X  1 

5oo 

of  entering 

icks 

r 

wp 

air 

P.T. 

C. 

P.T. 

C. 

F.T. 

c. 

F.T. 

C. 

-20 

•  •  « 

■  ■  •  • 

•  •  • 

•  •  •  ■ 

V      •      • 

•  •  ■  • 

■   »  • 

«  •  •  • 

I 

-lO 

■  •  • 

•  ■  •  • 

•   •   • 

•  •  •  • 

•    ft    • 

•  •  •  • 

•  ■  • 

•  •  •  ■ 

0 

35 

3.34 

32 

3.46 

•   •   • 

•  •  •  • 

■  •  • 

•   ■  •   ■ 

-20 

49 

3.33 

44 

3.46 

40 

3.69 

37 

3.92 

2 

-10 

56 

3.X3 

SI 

3.35 

47 

3.56 

44 

3.77 

0 

63 

1.99 

58 

3.33 

54 

3.43 

51 

3.62 

1 

-20 

75 

3. 03 

69 

3.38 

64 

3.51 

59 

2.70 

I 

-10 

So 

X.93 

75 

3.X8 

70 

2.39 

66 

3.60 

0 

86 

X.84 

81 

3.08 

76 

3.37 

73 

3.46 

' 

-20 

96 

1.86 

90 

3. 13 

84 

3.34 

78 

3.51 

I       ■ 

-10 

lOX 

1.78 

95 

3. 03 

89 

3.32 

84 

2. 41 

0 

io6 

X.70 

100 

1.93 

95 

3. 13 

90 

3.31 

' 

— 20 

"4 

1.73 

107 

1.9s 

100 

3.15 

94 

a. 34 

• 

-XO 

1x8 

1.64 

III 

1.86 

105 

3.06 

99 

3.24 

0 

132 

1.56 

"5 

1.77 

X09 

1.96 

X04 

3.14 

I 

—20 

139 

1.59 

X3X 

1. 81 

XX5 

3.03 

IXO 

3.33 

—  XO 

X3a 

I.S2 

135 

1.73 

119 

1.93 

114 

3.X3 

O 

X35 

1.44 

139 

1.65 

123 

X.84 

1x8 

3.03 

1 

-20 

141 

X.47 

134 

1.69 

128 

X.90 

133 

3. 08 

■ 

-10 

Z44 

I.4X 

137 

1.63 

131 

x.8x 

136 

1.99 

0 

147 

1.35 

140 

X.54 

X35 

1.73 

130 

X.90 

• 

—20 

ISI 

1.37 

144 

1.58 

138 

1.77 

133 

1.96 

4 

-10 

153 

X.3X 

147 

X.5X 

141 

1.69 

136 

1.87 

y 

0 

156 

X.35 

150 

1.44 

144 

1.62 

139 

X.78 

iog  to  Table  XLVlll  and  choosing  a  6c>-in  length  of  units,  5  in  on  centers, 
und  that  the  free  area  per  section  is  0.92  sq  ft.  The  number  of  sections 
d  across  the  face  of  the  heater  is 

A/0.92,  or  25.1/0.92  »  27 

atins-snrface  per  section  is  16  sq  ft.    The  total  heating-surface  is  there- 

5  -  5  X  27  X  16  -  2  160  sq  ft 

:  Gondexisation  per  hour  is 

2  160  X  X.56  (Table  LI)  -  3  37o  lb 
pplied  by  the  boQer,  or  by  exhaust-steam,  at  5 -lb  pressure. 

Design  of  Air-Ducts 

ar0-I«(MM.  The  frictional  resistance  of  air  flowing  through  smooth 
Hal  ducts,  commonly  termed  pressure-loss,  measured  in  inches  of 
tr  70**  air  and  for  a  length  of  duct  equal  to  100  ft,  is  given  by  the  follow- 
.bJa: 

k  -  0.000x36  X  {R/A)  X  V* 

R  is  the  perimeter  of  the  duct  in  feet,  A  the  area  of  duct  in  square 
le   velocity  of  the  air  in  feet  per  second,  and  A  the  pressure-loss 


Heating  aod  VatiluioR  of  Buildings 
1  In  Incbc*  oi  «M<t-c«l«mB-    Foe  round  ducts  tkc  mbore 

k  -  a.ooassr'/D 

X  based  on  thi3  formula,  from  « 
Cubic  Pect  ar  Air  per  Miaute,  Q 
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HEIEE  OF  A  loUND  DUCT  for  vuioiu  vclocitin,  and  the  PBessnE-UM  or 
KtMHCI  for  various  quintUieE  of  air  Oowing,  may  be  found  witbout  lolvuig 
above  cquuioii. 

Cubic  feet  of  Air  pvr  Mltiate.  Q 

Hill     II     |S   M!  5     IS    J 


"I 
.J  I 


What  rinuld  be  tba  lize  of  ■  round  duct  required  to  coDvey  i  500 
per  iniauU  with  a  vahidty  of  i  Sos  ft  per  min;  and  »hat  i«  tbs  pre*- 
r  100  ft  of  duct. 
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Solution.  Locate  i  500  on  the  upper  side  of  the  pipe-diagram  in  Fig.  64,  ai 
pass  horizontally  downward  until  the  i  Soo-ft-velodty  diaiponal  line  is  intc 
sected.  The  duct  which  comes  nearest  to  the  required  size  has  a  diameter  < 
12  in.  At  this  intersection  pass  to  the  right  side  to  the  base-line  and  read  04 
in  water-pressiue  loss. 

Allowable  Velocity  of  Air  in  Ducts  and  Flnea.  In  order  to  limit  the  rtsu 
ance  or  pressure-loss  in  the  duct  system  the  designer  should,  in  general,  keep  ti 
velocities  within  the  limits  stated  in  Table  LII.  In  public-building  work  tj 
air  should  be  delivered  to  a  room  at  a  velocity  that  will  insure  its  mo^ 
to  the  desired  points  in  the  room  without  objectionable  draft  or  noise  in 
through  the  register-grilkt. 

TaUe  LH.    Allowable  VelocWes  hi  Hol^>Blast  Syatems 


Types  of  buildiogs 


Public  buildings 

Through  free  area  of  wall-registers 

Through  free  area  of  floor-registers 

Vertical  flues  to  registers 

Connections  to  base  of  flues 

Main  horizontal  distributing  ducts 

Manufacturing  plants 
In  plants  where  the  occupation  is  more  or  less  sedentary  and 
the  employe  sits  all  day  feeding  automatic  machinery: 

Main  ducts 

Branches 

In  plants  where  the  employe  stands  all  day,  as  in  machine- 
shops,  foundries,  etc.: 

Main  ducts 

Branches 


Allowable 
velocity  in  fa 
per  minute 


400-  500 
aoo-  100 
600-  750 
800-1  000 
I  500-asoo 


I  300- 1  500 
600-    900 


I  soo-a  400 
900-1  500 


The  velocity  through  the  fan-outlet,  under  the  ordinary  conditions  that  obtam  in 
woik,  varies  from  z  500  to  a  500  ft  per  min. 

Table  TJH.    ikletal  Oauget  for  Ducts 
American  Blower  Company 


Heating  and  ventilating 

Thiclcness  and  weight 

Blowpiptng  and 
exhaust  woric 

Diameter 

in  inches 

United 
SUtes 
standard 
gauge- 
number 

Thickness  in  inches 

and  weight  in  pounds 

per  square  foot 

Diameter 
in  inches 

United 
States 
staaoard 
gauge- 
number 

^18 
19-36 
38-48 
SO-60 
63-7  a 

26 

34 
22 

ao 
18 

in         lb  per  sq  ft 
0.1087           0.91 
o.oas            x.x6 
0.0312          I. 41 
0.0375          1-66 
0.05              a. 16 

3-  5 

e-  8 

9-lS 
x6-a4 
a6-30 

26 
24 

tS 

i 
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.  Pipes  and  Ducts.    The  recommended  gauge  (United  States 
^^)  for  various  sizes  of  galvani2sed  sheet-steel  pipes  for  heating 
-work,  blowpiping  and  exhaust  work,  is  given  in  Table  LIII. 

188  of  Rectangular  DnetB.  The  simplest  method  of  determining 
rtion  the  system  for  sound  ducts  throughout,  and  then  transfer 
R  SIZES  giving  equal  pressure-losses  (not  equal  areas)  by  means  of 


V.     Round  and  Rectangular  Docts  of  Equal  Pressure-Losses 


4 

6 

8 

10 

13 

14 

IS 

16 

18 

20 

33 

34 

Equivalent  diameters  in  inches 

4.4 

•   • 

•  p 

•    ■ 

■    • 

•    a 

4-9 

•   • 

»  • 

a     • 

54 

6.6 

■   « 

•     • 

S.8 

7.0 

■   • 

•     • 

6.il 

7.6 

8.8 

•     • 

6.5 

8.0 

9-3 

•     m 

6.8 

8.4 

9.8 

II. 0 

7.1 

8.8 

10. 2 

XI. 5 

7.4 

9.2 

10.7 

la.o 

13.2 

7.6 

9.6 

II. X 

12.5 

13.7 

7.6 

9.9 

II. 5 

12.9 

14.3 

15.4 

8.2 

10.2 

II. 9 

13.4114. 7 

16.0  16.5 

8.4 

10.5 

12.3 

13.8:15.2 

16.5  17. 1 

17 

.6 

8.6 

10.8 

12.6 

14.2:15.7 

17.0  17.6 

18 

.2 

8.9 

II. I 

13.0 

14.6 

16. 1 

17.4  18. I 

18 

.7 

19.8 

9.1 

II. 4 

13.3 

15.0 

16. 5  17.9  18.6,19 

.2 

30.4 

9  3 

11.6 

13.6 

15.4 

X7.0  18.419.0  19 

.7 

30.9 

22 

.0 

9.7 

12. 1 

14.2 

i6.iji7.8|i9.2  19.9  20 

.6 

21.9 

23 

.1 

24 

.2 

10. 0  12.6  14.8 

16.8  18.5  20.0  20.821 

.5 

22.8 

24 

.0  25 

.2 

26.4 

10.4J13   I 

IS. 4 

17. 3119. 2*20. 8  21. 6  22 

3 

33.8 

25 

.1 

26 

.3 

27. S 

10.8  13.5  15.9 

18.0  19.8J2I.5  22.4|23 

.1 

34.6 

26 

.0 

27 

.3 

28. 5 

II. 013.9  16. 4 

18.5  20. 5  22.2  23.1   23 

.9 

25.4 

26 

.8 

28 

.2 

29. 5 

ll.3ll4-3 

16.9 

19. I  21.1^22.9  23.8*24 

.6 

26.3 

37 

.7 

29 

.1  30. 5 

11.6 

14.7 

i7.3li9.6|2i.6|23.S  24.4I26 

.3 

26.9 

38 

5 

30 

.0 

31.3 

II. 9 

IS.I 

17.7  20.1  22.2,24.2|2S.I  26 

.0 

27.7 

29 

.3 

30 

.8 

32.3 

12. 2 

IS. 4 

18.2  20^6  22.8  24.8  25.8  26 

.7 

28.4  30 

.0 

31 

5 

33.1 

12. s 

IS? 

i8.6|2l.l|23.3!2S.4'26,4  27 

.3 

29.1  30 

.8 

32 

.4 

33.9 

12.7 

16. 1 

19.0 

21.6  23. 8,25.9126.9,27 

.9 

29.831 

■  4 

33 

.0 

34-5 

13.0 

16.4 

19.4 

22.0 

24.326.5  27.5 

28 

.5 

30.3  31 

.2 

33 

.7 

35.3 

l3-3il6.7 

19.8  22.4  24.8  27.o'28.li29 

.1 

31.032 

.8 

34 

.6 

36.3 

13. 5  17.0 

20.1  22. 825. 2,27.5128.6  29 

.6 

31.6 

33 

.4 

35 

.2 

37.0 

13-7 

17.3  20.423. 2  23.7I28.O  29.2|30 

.3 

32.2 

34 

.1 

35 

•9 

37.6 

13.9 

17.6  20.8 

23.6  26.2j28.5'29.6  30 

.7 

32.9 

34 

.7 

36 

.5 

38.3 

14. 1 

17. 921.1 

24.0I26.6  29.0J30.l'3I 

.2 

33.4 

35 

3 

37 

.2 

38.9 

14-3 

18.2 

21.5 

24.4!27.0 

29.530.631 

•  7 

33.9 

35 

•9 

37 

.8 

39.6 

14.6 

»i8.4 

21.8 

24.7 

27.4 

30.0  31. 1  32 

.2 

34.4 

36 

■  4 

38 

•  4 

40.3 

14.7 

18.7 

22.x 

25. 1 

27.8  30.5  3X.6I32 

.7 

34.9 

37 

.1 

39 

.1 

40.9 

IS-C 

»i9.o 

22.4 

25. 5 

28.2130.933.1 

33 

.3 

35.4 

37 

.7 

39 

.6 

41.6 

, 

iS.i 

19.2 

22.7 

25,9 

28.6  31.3 

32.6 

33 

.7 

35.9 

38 

.3 

40 

.2 

43.3 

1 

15-^ 

II9-5 

23.0 

26.2 

29. 031. 7 

33.034 

.3 

36.4 

38 

.7 

40 

.8 

43.8 

I 

IS. J 

!I9.7 

23.3 

26. 5 

29.4132.1 

33.4'34 

.7 

36.9 

39 

.3 

41 

.4 

43.4 
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Pan; 


Example.    What  is  the  width  of  a  rectangular  duct  6  in  high  equivaleBt  t 
the  pressure-loss  for  a  duct  12-in  in  diameter?    Solutioii.    22  in. 


Tabto  LV. 

Fffctioii  PrtMM 

ra-L«fa  <d  W*  ESb9W 

Radius  of  throat  in  diam- 
eters of  pipe 

67 

H 
30 

H 
16 

X 
10 

7.S 

6 

2 

3 

4 

S 

Number  of  diameters  of 
straight  pipe  of  equiva- 
lent pressure>loss 

4.3 

4.8 

S.a 

5.8 

Example.    A  duct  12  in  in  diameter  and  120  ft  long  contains  two  90* 

The  ratio  of  the  radius  of  throat  to  pipe-diameter  is  3-    The  amount  of  air  flos 
ing  is  I  500  cu  ft  per  min  and  the  velocity  i  800  ft  per  xnin. 
Solution.    The  total  equivalent  length  of  duct  is 

120  +  (2  X  4.8)  -  129.6  ft 

The  pressure-loss,  from  the  diagram  of  Hg.  64,  b  0.48  in  per  100  ft.     The  loa 

048  X  (129.6/100)  -i  0.62  in  of  water 

The  pressure-loss- through  register-grills  may  be  taken  at  0.023  m  for 
velocity  of  400  ft  per  min  through  free  area.  The  groas  area  of  rogistcrs 
twice  the  free  area.  The  pressure-loss  in  standard  air-wafihers  for  a  vdodl 
of  400  ft  per  min  through  the  free  area  may  be  assumed  to  be  0.15  in  of  wati 
In  the  case  of  humidifiers,  in  which  the  ^ray  is  directed  against  the  flow  1 
air.  a  pressure-loss  of  0.55  in  of  water  may  be  assumed  for  preliminary  estimatt 
The  values  assumed  for  this  loss  vary  with  different  manufacturers.  H 
pressure-loss  through  hot-blast  beaters  may  be  taken  from  Table  LVT. 

Table  LVI.    Fiictbm  «f  Air  thr»ugb  Vento  Haat^n 

FrictioD-kiss,  in  inches  of  water,  due  to  air  passing  through  Vento  stacks.    Regobr  91 
tioa.    Standard  5-in  spacing  of  loops.    Air-temperature  70**  F. 


Velocity 

j 
One 

Two 

Three 

Pour 

Five 

1 

Six 

Severn 

in  feet 

stack 

stacks 

stacks 

stacks 

stacks 

ataeks 

stacks 

per  minute 

800 

0.037 

0.070 

0.X03 

0.X3S 

0.X67 

0.200 

0.23* 

900 

0.047 

0.088 

0.X29 

0.X70 

0.21X 

0.25a 

o.*9* 

I  000 

0.059 

0.109 

o.x6o 

0.21X 

0.262 

0.313 

0.364 

I  xoo 

0.07X 

0.132 

0.193 

0.255 

0.3x6 

0.377 

0.438 

z  200 

0.084 

0.IS7 

0.230 

0.303 

0.376 

0.449 

o.sas 

I  300 

0.099 

0.185 

0.27X 

0.356 

0.44a 

o.saS 

0.6x4 

X  400 

0.Z15 

0.2X4 

0.314 

0.4t4 

0.S13 

0.612 

0.71a 

X  500 

0.133 

0.246 

0.360 

0.474 

0.588 

0.702 

0.8x4 

I  600 

0.X50 

0.280 

0.410 

0.540 

0.670 

0.800 

0.9JI 

I  700 

0.X69 

0.3x6 

0.463 

0.609 

0.756 

♦  .903 

x.o^i 

X  800 

0.X90 

0.354 

0.5x8 

0.683 

0.848 

1.0X3 

x.xTf 

1 

.„.      ,J 

Effect  of  Tamperature  on  Preasure-LoMes.    The  precediiig  data  on  pn 
ture-losaes  in  ducts,  registers  and  beaters  are  based  on  an  air-temperatnce  of  9 
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other  temperatures,  the  pressure-losaes  are  to  be  multiplied  by  the  ratio, 
ity  of  air  at  actual  temperaturd  to  density  at  70^.  These  ratios  are  given 
"able  LVn.  For  heaters  use  the  average  temperature  of  the  air  passiDg 
q^  tlie  heater. 


B  LVIL    Katios  of  Density  of  Air  at  Actnal  Temperature  to  Density  at  TO*  F. 


emperature 

Factor 

Temperature 

Factor 

100 

X20 

130 

0.94S 
0.9x0 
0.890 

Z40 
ISO 
160 

0.880 
0.865 
0.850 

rign  ci  Duct  Syateau.  There  are  two  schemes  used  in  proportzonimg 
acTS:  (i)  tlie  velocity  method,  and  {2)  the  method  of  equal  friction  pres- 
088  per  foot  of  length.  The  first  method  involves  the  fixing  of  the  velod- 
Ke  Table  UI)  in  the  various  sections,  and  the  gradual  reduction  of  the 
ty  from  the  beginning  of  duct  to  the  point  of  discharge.  In  this  case  the 
tre-loss  is  computed  separately  for  each  section  having  a  different  velocity 
le  various  pressure-losses  added  together  to  obtain  the  total  loss  in  pres- 
The  second  method  is  used  principally  in  the  design  of  duct  systems  for 
r-heating.  The  velocity  in  the  outlet  farthest  from  the  fan  is  fixed  and 
ea  and  diameter  of  this  branch  are  determined  by  the  voliune  of  air  to 
vered.  The  friction  pressure-loss  per  xoo  ft  of  a  duct  of  this  size  is  deter- 
by  the  diagrams  in  Figs.  63  and  64.  The  remainder  of  the  main  duct  is 
roportioned  for  this  same  pressure-loss  per  100  ft. 

iiple.    The  first  method  is  iUustnted  in  Fig.  65,  showing  a  single-duct 
The  risors  are  figured  for  a  velocity  of  600  ft  per  min,  or  xo  ft  per  sec; 


Fig.  65.    Single^uct  System 

ft  per  mhi,  or  6.6  ft  per  sec;  through  free  area  of  register-grill.  The 
tn  the  longest  main,  B,  is  900  ft  per  min,  the  volume  of  air  to  be  delivered 
ft  per  min,  and  the  temperature  xao*. 

a.     The  area  of  the  riser  required  is 

2  000/600  -  3H  sq  ft,  or  480  sq  in 
'  27-iii  riser,  giving  486  sq  in  area,  is  used.    Tlie  area  of  main,  B,  is 

2  000/900  "  2.23  sq  ft,  or  320  sq  in 
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The  sze  of  the  duct  ii  ii  by  17  in.  Tbe  diaiueler  of  a  round  duct  for  tbea 
friction-loss  (or  the  riser,  fnun  Table  LIV,  is  14  in,  and  foe  t  be  maiD,  B,  19.S 
Rderring  10  the  diagram  in  Fig.  61,  tbe  prcMure-kias  for  the  nasi  'a  o^ji 
per  lOO  ft.  For  Ihe  main  the  preuuie-loaa  is  a.09  in  per  100  ft.  The  maia  I 
one  elbow  and  the  riser  oat  elbow,  and  the  ratio  of  radius  at  thioal  to  diamc 


will  be  assumed  lo  be  3,  In  both  cases.    The  equivalent  length  of  mam,  1 
therefore 

100  -t-U.8  Xio/ii)  -  3o8(t 
and  the  prcssurc-losi  is 

OJ19  X  (108/100)  -0.187  in 
The  eiiuivaltnl  length  of  riser  is 

34  +  (4.8  X  M/ii)  -  44  ft 
■nd  the  pressure-loss  is 

o.03>  X  (44/100)  -  0.014  to 
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ng  [bit  a  five-sectiop  Venlo  heater  is  employed,  with  a  velodty  (fig- 
1^  free  am)  of  i  loo  ft  pei  min,  the  preuuR-loas  Ibiouj-h  the  heater 
n  (Tabb  LVI).    The  total  rtsiatantx  against  whicb  the  fan  muit 

o.3i4iB  + 0.376  iB  -0.60  in 

ro°  lir.    Aasumins  Ihe  temperatUTE  of  the  aii  to  be  110°,  the  mist- 

0.60  X  a-91  (Table  LVII)  -  0.5s  in 


V«iitU«tiiK  Fan* 
■•I-PIala  Pan.  The  atandard  type  of  fan  tlial  baa  been  used  [or  a  number  of 
in  hot-blast  work  is  known  as  the  steel-platv  fan,  the  conStnictioil  of  the 
being  stiawii  in  Fig.  67.     As  the  name  implies,  the  wheel  and  caung  of  thii 
re  coiiitnicted  of  itcel  pbitB 
ffbt  structural  sectiooi,  the 

having  dght  to  twelve 
,  straight  or  slightly  oirved 

periphery,  and  in  a  direc- 
appo^te  to  the  rotation. 
ilate  fans  arc  designeted  by 
r,  this  number  being  the 
iroate   height  of  the  fan-    1 


of  its  higher 
y,  quieter  running,  and 
iy  smaller  size  for  the  same 

■  tlun  the  steel-plate  fan,        pj^^  ^j     Staodaid  Sled-pbte  Fia-wbeel 
dfy  supplanting  the  latter. 

J»er  efficiency  is  accounted  for  by  Ihe  material  reduction  of  the  air- 
c  or  pressure-hebd  loss  by  friction  through  the  fan,  due  to  the  shorter 
Liid  the  larger  inlet,  which  is  of  practically  the  same  diameter  as  the 
■elf.  Thia  (an  deserves  more  than  passing  mention  as  it  represents 
the   grcatCBl  single  improvement  ever  mode  in  the  de^gn  of  a  centrif- 

[  ot  Faiu.  The  volume  of  air  at  70°  which  a  fan  will  deliver  (cubic  feet 
Xc)  VBiies  with  the  resistance  against  which  it  operates,  tn  order  to 
fan  from  Table  LIX,  the  resistance  (static  pressure)  must  first  be 
sd  by  tbe  duct-design,  and  after  the  siie  of  Ihe  heater  haa  been  chosen 
'      '      The  speed  and  bralLC  horse-pDwei  required  to 
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Put 


drive  tbc  fui  are  aba  stated  ia  the  tablet.    Tb«  tcmpermtnie  ot  the  aii  hsoil 

by  the  fan  with  rkaw-thsough  apparatus  ii  higher  than  jo°,  except  iat  1 1 

vhich  is  conneclnl  ahead  oC  a  tempering-OHl,  usually  a  two-«ctioD-deep  beal 

The  Ubulaled  speed,  volume  and  brake  bunfrfiawtr  to  nuiotain  the  iMcga 

must  be   multiplied   by  the  (act 

_  ^vcD  in  Table  LVIII  (at  tempemta 

other  than   70*.    The  dMrve  tscl 

in  this  table  are  the  square  tmti 

the  ntios  of  the  densty  of  the  ah 

70*  F.  to  its  density  at  the  temix 

ture  stated. 

TaU*  Lvm.    VacMn  foe  SpHd.  1 


FIg.M.    aroccoWbedorTurtilii^^ypelm- 


p'SS,. 

PacUR 

lao 
wo 
14a 

i!o«« 

i:o«4 

^plicttlM  of  Hot-BlMt  H«atliit-I>«ta 

Tba  AppHcattan  of  th«  7or»soliig  Data  on  hot-blast  hestins  to  a  £actt 

bnildins  follows  (see  Fig.  09),    The  caknlated  heat-loat  ia  i  4]3  9aaBtupa; 

CoDditiMU,    Air  rectrniUted  aad  tndde  temperature  msiDtafaied  at  i 

Velocily  of  air  through  heater,  from  i  000  to  r  100  ft  per  mln.     VelDdQr  «| 

at  last  outlet  in  duct  system,  1 175  ft  per  min.     Tempentuie  of  av  Mul 

by  belt",  145°. 

Weight  of  Air  to  be  ClranUtad  par  Ulaata.    Ttii  b 

1  4'3  QJo/lo-»4Ci4S  —  6oti6o|  -  1  i6j  lb  1 

Sb»  of  Heatar.    This  condition.  60°  initial  and  145*  Goal  tanper^ 

requires  a  heater  Rve  starka  deep  (Table  LI),  and  a  velocity  of  i  000  ft  p^ 
through  free  area  at  a  temperature  of  70'.  The  i-olume  ot  air  per  ad 
measured  at  70°,  to  be  handled  by  the  heater  and  (an  ta  '■ 

1  163/0JJ7S  -  issoBcufl  I 


The  total  number  of  sections  re<luired  is 

i  Xi;  -85 


AppUcKtnn  <rf  BetrBiatt  B»tmg>Dftta 
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Full 


The  total  heating-surface  is 

8s  X  x6  -  I  360  aq  ft 
Weii^t  of  Steam  or  Condensation  per  Hour.   This  is 

z  360  X  i^  (Table  LI)  «  i  48a  lb 
The  equivalent  amount  of  direct  radiation  is 

I  482/0.25  a-  5  929  sq  ft 

Dwign  of  Duct  System.    The  round  ducts  will  be  dffiignrd  £ar  ecpnl-fdclifl 

pressure-loss  per  foot  of  length.  The  final  velocity  at  the  last  or  most  renol 
outlet  from  fan  will  be  taken  at  1275  ft  per  min.  The  friction  rxessure-Iosi  U 
this  velocity,  as  read  from  the  diagram  in  Fig.  64,  is  0.25  in  of  crater  per  loo : 
of  length.  There  axe  to  be  eighteen  outlets.  The  total  vohmie  of  air  to  be  di 
charged,  measured  at  145^  F.,  is 

1 163/0.065  ■■  18  000  cu  ft  per  min 

or 

18  000/18  *  1 000  cu  ft  per  min  per  outlet 

The  cross-sectional  area  of  the  outlet  or  last  section  is  i  ooo/i  275  sq  ft,  cof 
responding  to  a  circular  section  with  a  diameter  of  la  in.  The  bmttcb-oittkl 
may  all  be  made  the  same  size  and  provided  with  dampers  to  adjoat  or  oqimB 
the  flow.    The  friction  pressure-loss  in  the  duct  system  is  therefore 

(212/zoo)  X  0.25  »  0.53  in  of  water 

The  size  of  each  section  of  duct  is  determined  by  locating  the  quantlly  oi  s 
at  the  right  of  the  diagram  and  passing  horixontally  to  the  intersection  wkk  d 
0.35-in  pressure-loss  line. 


Table  IX 

Data  for  I>erifB  of  Ducts  in  FSg.  •• 

Section 

Quantity 
of  air  in 

cubic  feet 

per  minute 

145*  F. 

Duct- 
diameter  in 

inches 

Velocity 
in  feet  per 

minute 

plus  allowMMe  ier 
eUs.  in  feet 

A 

B 
C 
D 
B 
F 
G 
H 
I 
J 

I  000 
a  000 
3000 
4000 
5  000 
6000 
7000 
8000 
9000 
Z8000 

• 

la 
16 

21 
23 
25 

a6 
a8 

39 

38 

I  375 

35+[iX(6+3)l-J« 

IS 

IS 

IS 

IS 

IS 

IS 

15 

35 +[3^(6+10)1-13 

a  aSs 

,    Total  length -aia 

Selection  of  Fan  for  Draw-Thiough  Arrangement    The  static 
rating  required,  referred  to  a  temperature  of  70^,  is: 

Pressme-loss  In  beater  (data  from  Table  LVI)  —  o.s6  in 
Pressure-loss  in  duct  (data  from  chart,  Fig.  64)  »  0.53  in 


Total  •o.T^ia 
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The  actual  pressure-loss  will  be  somnrhat  less,  owing  to  the-fact  tliat  tie  air- 
imperatiire  is  higher  (145"  F.)  and  the  density  less  than  for  air  at  70*  P.  Thi 
ival  esdmated  pressure-loss  is  therefore  assumed  to  be  K  in. 

The  vohinw  of  air  the  fan  must  handle  in  this  example  is  18  000  cu  ft  per  min, 
easured  at  145^  F.  As  stated  under  Rating  of  Fans,  to  maintain  a  constant 
essure  the  tabulated  speed,  volume  and  horse-power  must  be  multiplied  by 
t  square  root  of  the  ratio  of  densities,  or 

"^0.075/0.066  ■■  1.07  (nearly)  (Table  II) 

Ne  theiefoce  select  from  Table  LIX  a  fan  having  a  ca|)acitar,  mcaaozed  at 

'  F.,  equal  to 

18  coo/1.07  -  16  8a  2  cu  f t  per  min  (approximately  17  000) 

m  operating  with  a  static  pressure  of  H  iu.  A  No.  8  Sirocco  fan  fulfills  this 
inmncnt.  The  tabulated  speed  and  horse-power  idien  multiplied  by  the 
x>r  1.07  gives 

196  X  1.07  -  210  RJ>.M. 

3.76  X  1.07  *  4.02  brake  horae-power 

etoctioo  of  Fan  for  Blow-Throngh  Afxancament  In  this  case  the 
Euay  be  called  upon  to  handle  air  at  a  tempeiature  of  o**  F.,  or  lower.  Aasom- 
lie  same  weight  of  air,  or  70  000  lb  per  hr,  to  be  handled  by  the  fan  at  astatic- 
sure  of  H  ia»  the  volume  at  0°  is 

■ 

70  ooo/(o/>86  X  60)  -  13  566  cu  ft  per  mhi 

rring  to  Table  LVIII,  the  ratio  between  the  speed,  volume  and  power  neces- 
to  produce  the  same  pressure  for  air  at  o^  and  air  at  70**,  is  found  to  be 
t.    We  therefore  choose  a  fan  with  a  capacity  of 

13  566/0.932  -  14  557  cu  ft  of  air  at  70* 

vith  a  static  pressure  of  H  ia. 

m-Eikgine.    When  high-pressure  steam  is  available  an  automatic  high- 
engine  is  frequently  employed  for  fan-driving,  and  the  exhaust  from  the 
i  is  used  in  the  first  section  of  the  heater. 

ectioa  of  Motor  for  Fan-Driving.  It  is  considered  good  practice  to  add 
ID  to  15%  to  the  brake  horse-power,  as  determined  from  the  fan-tables, 
s  rating  of  the  motor,  to  allow  for  a  possible  overload  due  to  the  fact  that 
Q  may  not  be  operated  under  exactly  the  same  conditions  as  to  pressure 
leed  as  those  imder  which  it  was  originally  rated.  For  the  preoeding  exam- 
raw-Through  Arrangement)  a  5-horse-power  motor  would  be  selected. 

IhiosiAl  Heating  Roqnirement.  It  is  frequent^  desirable  to  proportion 
attns-apparatus  large  enough  so  that  the  fan  may  be  shut  down  at  night 
juted  up  about  two  hours  before  the  shop  or  factory  is  opened  in  the 
tg.  In  this  event  it  may  be  safely  assumed  that  the  temperature  of  the 
the  building  will  not  be  below  30''  F.  when  the  fan  is  started,  and  that 
is  all  recirculated.  The  fan  and  heater  must  be  of  sufficient  capacity 
;  care  of  the  heat-loss  from  the  building,  including  the  infiltration,  and 
tion  to  warm  up  the  contained  air  from  30°  to  60**  in  two  hours.  Assum- 
'.  same  data  as  given  in  the  preceding  example,  the  additional  heat  re- 
will  be,  if  the  cubic  contents  of  the  building  are  328  000  cu  ft, 

(328  oco  X  0.08  X  0.24  X  30) /2  >■  94  464  Btu  per  ht 
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This  amount*  to  u  incieuc  o(  vpmimately  7%  in  the  heatins  requirBnoit 
U  prevloutly  wlciilttwl,  tad  is  nsdily  provided  for  by  increasing  tlw  suia 
ptcmire  carried  in  the  beatet  to  appniximatdy  lo-lb  gauge.  Catalogues,  but 
letioi,  etc.,  on  tbe  subject  of  hot-blast  beating,  air-washing  and  hiunidificatia 
may  be  obtained  from  the  American  Blower  Company,  the  B.  F.  Sturtevant  Con 
pany,  the  BuSalo  Forge  Company,  and  tbe  Carrier  Air  ConditioDinB  Cacnpanj 

VentUatian 
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is  repiftoeme&t  by  fresh  air.  To  state  that  the  air  in  an  apartment  is  renewed 
oy  given  number  of  times  per  hour  is  not  strictly  accurate,  as  a  positive  change 
oes  not  actually  occur;  the  incoming  air  mixes  with  and  dilutes  the  foul  air  to  a 
oint  suitable  for  healthful  respiration.  In  naturai^ventilation  systems  the 
nvement  of  the  air  in  flues,  ducts,  etc.,  is  induced  solely  by  the  thennal  head 
reduced  by  the  difierence  between  the  density  of  the  colimin  of  air  in  the 
acts  and  that  of  the  outside  atmosphere;  the  higher  the  temperature  in  the 
nets  the  more  powerful  the  draft.  The  direction  and  velocity  of  the  wind 
aterially  a£fect  the  natural  ventilation,  letarding  or  accelerating  the  move- 
eat  of  the  air  through  ducts  and  flues,  according  to  the  expostu%  of  the  building 
id  the  position  of  inlets  and  outlets.  In  mechanical  vsntilation  the  move- 
ent  of  air  is  maintained  by  means  of  various  tjrpes  of  fans,  driven  by  a  steam- 
gine,  electric  motor,  or  other  prime  mover.  With  fans  of  known  effidendea 
e  results  can  be  accurately  estimated.  The  prindpal  advantages  of  the  uae 
mechanical  ^stems  of  heating  and  ventilation  have  already  been  stated 
der  Hot-Blast  Heating. 

Systems  of  Ventilation.    Ventilation  systems  are  also  broadly 'divided  into 

0  general  classes  known  as  the  m>WASD  system  and  the  downward  sysibm. 
e  CPWASD  SYSTEM  (Fig.  70)  is  generally  used  for  audience-rooms  where  there  is 
TDg  natural  tendency  for  the  heat  given  off  by  the  large  number  of  occupants  to 
i  and  take  with  it  the  vitiation-products  due  to  respiration.  The  Ant  is  sxtp- 
ED  NEAR  THE  FLOOR-LINE  through  mushroom  ventilators  in  the  floor,  or 
ough  the  hollow  pedestals  of  the  chairs  themselves,  or  through  low  registers, 
s  vmATEO-AiR  OUTLETS  ARE  IN  OR  NEAR  THE  CEILING.  TUs  sjrstem  makes  it 
bsr  difficult  to  heat  the  room  in  advance  of  the  arrival  of  the  audience  as  the 
lets  allow  the  warmed  air  to  escape  almost 

rapidly  as  it  can  be  introduced.  The 
nrwARD  SYSTEM  is  very  generally  used 
cfaool-rooms,  hospitab,  institutions,  etc. 

1  occupants  are  not  as  dosely  placed  as 
lie  former  case,  and  a  more  even  distri- 
on  of  air  and  more  uniform  heating  can 
ecored  when  the  air  is  supplied  eight 
r  OR  MORE  ABOVE  THE  PLOOR,  and  thc 

kTED    air    REMOVED   AT   OR   NEAR   THE 

nt-UNE.  On  account  of  the  elevation 
le  inlets  abovethe  headsof  the  occupants 
i  is  little  liability  of  drafts,  and  if  the 
ts  are  on  the  same  side  wall  as  the  in- 
there  is  very  little  opportunity  for 
^-circuiting  between  inlet  and  outlet, 

the  incoming  air  must  flow  out  across 
xx)in  to  the  cold  outside  wall  before  it 
Dool  and  drop  to  the  floor-level.    It  is, 
ver,  necessary  in  the  downward  system, 
■rercome  the  natural   tendency  of  the 

d  air  from  the  bodies  of  the  occupants  to  rise  and  oppose  the  uniform 
ward  tendency  of  the  incoming  fresh  air.    The  selection  of  dther  system 

depend  entirely  on  the  conditions  to  be  met.    These  have  been  outlined 
i  above  paragraphs. 

itribntUm  of  the  Air.  In  general,  it  should  be  observed  that  whether 
rd  or  downward  ventilation  is  employed  there  should  always  be  a  definite 
n  of  vitiated-air  removal,  designed  to  provide  for  uniform  distribution  and 
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pKvent  short-circuiting  between  inlets  and  outlets.  A  practically  otMiipkIc 
diffusion  can  only  be  attained  when  inlet  and  outlet  aie  placed  in  the  saae 
wall,  with  the  former  at  least  from  7  to  8  ft  above  the  latter.    MuLxnu 
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Fig.  72.    Heating  and  Ventilating  Symbols 

INLETS  and  unsHROOM  VENTILATORS,  in  order  to  secure  a  better 
distribution  of  the  air,  are  being  made  use  of  in  many  systems  of  upnvard^calfliri 
tion  for  audience-rooms  with  fixed  seats.  In  this  case  a  false  floor  or  Pixm^ 
CHAMiWB  must  be  constructed  just  below  the  main  floor  through  which  the  al 
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to  be  sfQkpli^-  Mushroom  ventiktor-heads  (Fig.  71)  are  then  located  tinder 
ay  Mooad  or  tliird  seat  and  adjusted  to  give  a  uniform  dischaige  of  tempered 
r  over  the  entire  seating-area.    These  heads  are  either  mounted  on  an  ad- 
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Fig.  73.    Heating-boaer  Connections 

Ktable  spindle  (Fig.  70),  wliich  is  supported  centrally  in  the  cast-iron  floor- 
Mve  or  ilange,  or  else  they  have  a  non^adfostabk  sptndie  similarly  supported, 
H  are  ecnupDed  with  a  control-damper.    In  either  case  the  a<|^u9table  head  er 
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damper  must  be  locked  positively  in  the  finally  adjusted  position.  In  the  a 
of  concrete  floors  it  b  very  desirable  to  use  a  cast-iron  sleeve  and  flange  (R 
70)  rather  than  a  galvanized  sleeve  and  cast-iron  flange. 

The  B£fect  of  Vitiated  Air.  The  amount  of  carbon  dioxide  present 
vitiated  air  has  been,  until  recently,  quite  generally  understood  to  be  the  efeme 
of  danger  that  should  be  kept  within  safe  limits.  Dr.  Ira  Remsen  has  pointed  o 
that  the  presence  of  carbon  dioxide  in  itself  is  not  dangerous  to  health  ^^*r 
that  it  reduces  the  supply  of  oxygen  by  displacing  it.  Carbon  dioxide  b  a 
poisonous,  but  the  organic  dipurities  that  are  exhaled  at  the  same  time  vi 
other  gases  that  are  given  off  may  prove  a  menace  to  health.  The  ill  effects 
breathing  air  in  a  poorly  ventilated  room  are  due  to  the  small  qnantities 
decomposing  organic  matter  and  unhealthfid  gases.  The  carbon  dioxide  ge 
erated  by  the  lungs  and  given  off  at  the  same  time  as  the  other  impurities  serv 
more  or  less  as  an  indicator  of  the  presence  of  the  real  danger.  Any  loweri 
of  the  oxygen-supply  that  b  actually  required  for  the  proper  and  neoesB 
transformation  of  the  potential  heat-value  of  the  food  into  the  physical  a 
nervous  eneigy  required  to  keep  the  human  machine  running,  and  to  icai 
supply  the  additional  demand  made  upon  that  machine  to  perform  exten 
work,  means  that  industrial  workers  who  perform  their  duties  in  a  vitiat 
atmosphere  do  so  at  the  expense  of  a  lowered  vitality,  and  are  naturally  li 
productive.  Satisfactory  ventilation  consists  not  only  in  constantly  sopplyii 
in  a  pure  condition,  fresh  air  free  from  dust  and  other  mPusiriES,  at  t 
proper  temperature  and  with  the  proper  amount  of  moisture  pbeseht,  h 
also  in  efficiently  removing  the  vitiated  air.  Thb  cannot  be  positive^  acoa 
plished  during  the  heating-season  by  simply  opening  the  doors  and  windoi 
Some  mechanical  means  must  be  employed.  Many  physicians,  however, 
not  believe  in  mechanical  ventilation  for  hospitab,  and  advocate  ventilati 
by  the  open- window  method;  and  many  hospitab  are  now  constructed  witha 
any  provision  for  mechanical  ventilation  except  for  the  toilets  and  operatii 
rooms  for  which  exhaust-fans  are  provided. 

Relation  between  Humidity  and  Temperature.  The  proper  and  heslcli 
relative  humidity  of  the  air  in  buildings  has  only  in  recent  years  been  gin 
the  thought  and  attention  it  rightfully  deserves.  Heated  or  wanned  i 
whether  purposely  introduced  into  a  building  for  warming,  or  natuiaUy  entcxi 
by  infiltration,  on  being  expanded  by  heat,  has  its  percentage  of  moisture  or  re 
tive  humidity  lowered,  and  consequently  its  CAPAcmr  for  ABSORBnfG  moistc 
greatly  increased.  There  is,  therefore,  experienced  the  sensation  due  to  ssy-aM 
DRY  HEAT.  Thb  causcs  an  excessive  and  unnatural  evaporation  of  moisati 
from  the  ^in  and  from  the  membranes  of  the  respiratory  organs.  EvaporaCi 
takes  place  by  the  direct  application  of  heat  and  b  essentially  a  refrigeratixis 
cooling  process.  The  abstraction  of  heat  from  the  body  for  thb  purpose,  n 
urally  tends  to  lower  the  surface-temperature,  and  one  feeb  several  degr 
cooler  than  the  temperature  recorded  by  the  thermometer  in  the  room.  1 
H.  M.  Smith's  many  observations  and  experiments  upon  the  sensations  prodm 
by  DIFFERENT  PERCENTAGES  OF  SATURATION,  led  him  to  make  the  following  stt 
ment:  "It  may  be  accepted  as  a  cardinal  rule  that  if  a  room  is  at  68"  and  b  : 
warm  enough  for  any  healthy  person,  it  is  because  the  relative  BUMmcn 
too  low."  A  STANDARD  RELATIVE  HUMTOITY  may  be  obtained  when  mechaH 
ventilation  is  used  by  the  addition  of  a  humidifier  to  the  system.  The  subj 
of  air-conditioning  is  fully  treated  in  Heating  and  Ventilating,  VoL  I, 
Harding  and  Willard. 

Requirements  for  Good  Ventilation.    There  b  quite  a  diversity  of  opa 
among  various  authorities  as  to  what  constitutes  good  vsNiiLAnoM  in  h 
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tances.    The  following  data  by  G.  D.  Small  represent  good  practice  in  this 
pert: 

Types  of  Buildings.    Air>C]ianges  to  be  Allowed 

Portions  above  grade One  change  per  hour. 

nCB-BuiLDiNGS    Basement,  general Four  changes  per  hour. 

Medianical  i^ant Ten  changes  per  hour. 

nx>iY-BciLDiKOS  which  have  no  mechanical  or  natural  ventilation,  one 
change  per  hour.  For  factories  in  which  large  doors  from  the  outside  are 
frequently  opened,  about  four  air-changes  per  hour. 
niiENCES  which  have  loose  windows,  two  changes  per  hour. 
7SCHES.  Four  changes  per  hour,  except  small  rooms,  which  should  have  five 
or  six  changes  per  hour.  These  data  for  churches  contemplate  mechanical 
ventilation.  The  majority  of  public  buildings  and  many  of  the  factories 
teqvire  ventilation  or  the  fan  sysitm  of  heating. 

The  Usual  Requirements  for  Air  Supjilied  per  Person  are  as  Follows 

rOrdinary from  35  to  40  cu  ft  per  min 

"^^^  lEpidemic 80  cu  ft  per  min 

Air-change 

Detention-rooms 6  min 

Toilet-rooms 6  min 

Bath-rooms  and  duty-rooms 8  min 

Kitchens 3  mia 

Serving-rooms 10  min 

Fumigating-rooms zo  min 

KSHOPs 25  cu  ft  per  min 

3NS 30  cu  f  t  per  min 

ITERS from  20  to  30  cu  ft  per  min 

fing-Halls 20  cu  f  t  per  min 

OLS 30  cu  f t  per  min  per  child  and  40  cu  ft  per  min  per  adult 

The  Usual  Time-Intervals  for  One  Air-Change  are  as  Follows 

Hotels 

Room                            Air-change  Room               Air-change 

line-room 6  min  Caf  6 8  min 

jdien iH'5  inin  Lobby  under  balcony. .  8  min 

ttaurant 6  min  Main  lobby 20  min 

le-toilet 5  min  Banquet-hall 15  min 

iard xo  min  Retiring-room 10  min 

ber-shop 8  min  Kitchens 8  min 

in^-room 15  min  All  others 15  min 

n-rooDi 12  min  Toilets 6  min 

fet 8  min 

Libraries 

ridors 15  min  Inside  rooms 8  min 

ement-rooms 15  min  Corner  rooms 7  min 

ding-rooms 12  min  Toilet-rooms 5  min 

ndries  should  have  an  air-change  every  4  to  6  min. 

B.     VLadiation  on  sides  of  buildings  subjected  to  prevailing  and  cold  winds  should 
10%  up  to  the  xoth  floor  and  15%  above  that  floor. 
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Ventilation-Laws.  The  number  of  vehtilation-laws  has  increased  n 
rapidly  in  the  last  few  years,  not  only  as  regards  the  number  of  states  vU 
nave  added  such  laws  to  their  codes,  but  also  as  to  the  scope  and  effectiveness 
these  statutes.  In  many  cases  a  special  ventilation-offioer  or  commission  I 
been  appointed  to  see  to  the  enforcement  and  extension  of  the  requirements  i 
compulsory  ventilation,  so  that  it  behooves  the  architect  or  engineer  to  beoai 
thoroughly  familiar  with  the  law  of  the  state  or  states  wherein  be  practia 
A  summary  of  the  law  recently  enacted  by  the  legislature  of  the  state  ol  01 
is  given  in  the  following  paragraphs  as  an  example  of  the  regularions  «i 
which  architects  and  engineers  must  conform  in  preparing  plans  and  spedfic 
tions.  This  law  as  well  as  the  law  of  Massachusetts,  attempts  to  provide  vc 
definite  regulations  for  heating  and  ventilating  all  classes  of  buildings.  ¥via 
legislation  in  other  states  will  undoubtedly  take  a  more  specific  form,  i»sta>>ltiha 
complete  and  definite  codes  for  the  heating  and  ventilation  not  on^y  of  pohi 
buildings  but  of  workshops,  factories  and  mercantile  establishments  as  weU. 


Raqoirements  of  the  Department  of  Inspection  of  the  lodaatrial 

Commission  of  Ohio  for  the  Heating  and  VantilatioA 

of  Public  Buildings,  Hospitals,  Asylnma  and 

Homes 

Temperature 

A  heating  system  shall  be  installed  which  will  uniformly  heat  the  vario 
parts  of  the  building  to  the  following  temperatures  in  zero  weather. 

Theaters  and  Assembly-Halls.    All  parts  of  the  buildings,  except  stor^ 
rooms,  6s"  F. 

Churches.    Auditorium,   social  and   assembly-rooms,   65^  F.     AH  od 
parts  of  the  building,  except  storage-rooms,  70**  F. 

.  School-Buildings.  Corridors,  hallways,  play-rooms,  toflets,  assemU 
rooms,  gymnasiums  and  manual-training  rooms,  65^  F.  All  other  parts  <d  I 
buildings,  70®  T. 

Hospitals,  Asylums  and  Homes.    Operating-rooms,  85^  F.    All  other  pm 
of  the  buildings,  except  storage-rooms,  70*  F. 


Change  of  Air 

The  heating  system  shall  be  combined  with  a  system  of  ventilatioa  whick 
normal  temperature  will  change  the  air  the  following  number  of  times,  or  tapi 
to  each  person  the  following  number  of  cubic  feet  of  air  per  hour. 

Theaters.    Parlors,  retiring,  toilet  and  check-rooms,  six  changes  per  boa 

Auditoriums,    i  200  cu  ft  of  air  per  person  per  hour. 

Assembly-Halls.  When  used  in  connection  with  a  school-building,  lodd 
building,  club-house,  hospital  or  hotel,  six  changes  per  hour;  and  in  aJl  od 
assembly-halls,  i  200  cu  ft  of  air  per  hour  per  person. 

Churches.  Auditoriums,  assembly-rooms  and  social  rooms,  six  changes  | 
hour. 

School-Buildings.    All  parts  of  .the  buildings,  except  corridors,  haSs  a 

storage-rooms,  six  changes  per  hour. 
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AsKLUUS,  H06PRAL&  AMD  Homes,    (i)  Rooms  with  fixed  capacity; 

Adults  Children        Babie» 

ospitals,  contagious  and  epidemic 6  000  4  ooo           3  000 

o^tals,  surgical  and  medical 3  000  2  400           i  500 

tasd  institutions i  800  i  800 

S  other  buildings i  800  i  500 

)  Rooms  with  variable  capacities: 

Hospitals,  contagious  and  epidemic la  times  per  hour 

Hospitals,  surgical  and  medical 12  times  per  hour 

All  other  buildings 6  times  per  hour 

Rooms  accommodating  four  or  less  persons  need  not  be  provided  with  a  system 

ventilation. 

Radiators 

!ifo  radiator  shall  be  placed  in  any  aisle,  foyer  or  passageway  of  a  new  theater, 
embly-haU  or  church,  but  such  radiators  may  be  placed  in  recesses  in  the 

Ds. 


To  floor-registers  shall  be  used  in  theaters,  assembly-halls,  or  hospitab. 
To  floor-re^sters,  except  foot-warmers,  shall  be  used  in  a  schod-building. 
loor-registers  may  be  used  in  churches. 

therwise  all  vent-registers  shall  be  placed  not  more  than  2  in  above  the  floor- 
,  and  warm-air  registers  not  less  than  8  ft  above  the  floor-line  (except  when 
I  registers  are  used  when  a  change  of  air  is  not  prescribed). 

Systems  to  bo  Installed  Where  a  Cheage  of  Air  is  Bisqnind 

be  system  to  be  installed  when  a  change  of  air  is  required  shall  be  either  a 
ity  or  mechanical  furnace  system,  gravity  indirect  steam  system,  or  hot- water 
:m;  mechanical  indirect  steam  or  hot- water  system,  or  spUt  steam  or  hot- 
T  system;  except  in  hospitals,  where  a  direct-indirect  system  may  be  used 
Hinection  with  an  exhaust-fan.  The  fresh-air  supply  shall  be  taken  from 
de  the  building  and  no  vitiated  air  shall  be  reheated.  All  vitiated  air  shall 
inducted  through  flues  or  ducts  and  be  discharged  above  the  roof  of  the 
ling. 
[CEPTiONS.    Standard  ventilating  stoves  may  be  used  in  the  following 


lembly-halls  seating  less  than  100  persons, 
urches  seating  less  than  100  persons, 
achool'buiidings,  hospitals,  asylums  and  homes. 

Foniacea 
naoes  may  be  used  in  all  classes  of  buildings. 

Gravity  Indirect  Hot-Water  or  Steam-Radiator  SysteoB 

irect  hot-water  or  steam-radiators  shall  be  located  in  basement  fresh-air 
directly  at  the  base  of  masonry  hot-air  flues,  and  shall  be  properly  con- 
I  to  same  with  galvanized-iron  housing. 
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Indirect  Radiating-Surface  for  Heating  and  Ventilating  Purposes 

One  square  foot  of  radiating-surface  shall  be  provided  to  heat  not  more  thu 
the  foUowing  number  of  cubic  feet  of  air  per  hour: 

Hot 
Height  Steam     watt 

First  story : «oo         i*j 

Second  story 250         i6fl 

Third  story 300         xc 

Fourth  story 250         23J 

For  Heating  Wall-Suiifaces  and  Glass-Surfaces.  The  amount  c 
radiating-surface  for  the  heating  of  the  glass-fiuiface  and  wall-surface  shall  lu 
be  less  than  that  obtained  by  adding  together  the  glass-surface  and  one  fourt! 
the  exposed  wall-surface,  both  in  square  feet,  and  multiplying  by  the  foUowin 
factors: 

Hoi 
Height  Steam    watc 

First  story 0.7       i.oj 

Second  story 0.6       0.9 

Third  story «. 5       o.rj 

Fourth  story 0.4       o-S 

Aoceleratino  or  AspntATiNO  Coils  for  Vent-Flues.  Vent-flues  used  i 
connection  with  a  gravity  indirect  steam  or  hot-water  system  shall  be  provide 
with  accelerating  coils  placed  i  ft  above  the  vent-openings. 

Mechanical  Fan  Plennm  System 

This  system  shall  be  designed  with  furnaces,  tempering  coils  or  blast<til 
so  as  to  furnish  heated  air,  and  is  to  have  deaning-screens,  fan  fileiium  e^awnhM 
galvanized-iron  or  masonry  horizontal  ducts,  masonry  hot-air  .flues,  dectxi 
motor,  gas  or  gasoline  engine,  or  a  low-pressiu%  steam-engine  operating  on  1 
steam-pressure  not  to  exceed  35-lb  gauge  to  operate  fan  and  sudi  other  device  ■ 
is  necessary  to  make  this  a  complete  working  system.  All  parts  and  apparata 
in  connection  with  the  installation  are  to  be  of  ample  size  to  make  a  perfect^ 
free  and  easily  working  system,  which  must  thoroughly  heat  all  portions  of  xJk 
building  without  forcing. 

Velocity  of  Air 

The  velocity  of  the  air  traveling  through  ducts,  flues,  etc.,  shall  never  exced 
the  foUowing  number  of  feet  per  minute: 

Feet  pel 
Ducts,  Flues,  etc.  minute 

Fresh-air  screens,  small  mesh 6ao 

Fresh-air  ducts,  gravity  system 309 

Fresh-air  ducts,  mechanical  system S5» 

Tempering  coils,  gravity  system joo 

Tempering  coils,  mechanical  system x  000 

Furnaces^  gravity  system 400  , 

Furnaces,  mechanical  system 900 

Trunk -ducts,  mechanical  system x  000 

Laterab,  branches  and  single  ducts,  mechanical  system 759 

Vertical  flues,  mechanical  system 500  ^ 
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ertical  iraniMdF  fines,  gravity  system,  first  story 300 

ertical  wann-air  flues,  gravity  system,  second  stoiy 350 

ertical  warm-air  flues,  gravity  system,  third  story 390 

ertical  vent-flues  less  than  ao  ft  high 300^ 

ertical  vent-flues  from  20  to  33  ft  high 350 

(Ttical  vent-flues  from  33  to  46  ft  high 3ga 

irtical  vent-flaes  from  46  to  60  feet  high 440 

ann-air  registers 300 

int-Kgbters , 300. 

Maximum  Speed  of  Fans 

The  mRTimiim  speed  of  fans  used  in  connection  with  either  an  exhaust  or 
num  system  of  heating  or  ventilating,  under  normal  conditions,  shall  never 
sed  the  following: 

uneter  of  fan  in  inches. .. .  18  24  36  48  60  72  96  120  z8o> 
solutions  per  minute 700    550    400    300    225    175    150    125      75; 

Location  of  Haatar-Room 

[0  heater-room  shall  be  located  under  the  auditoriiun,  stage,  lobby,  passage- 
r.  stairway  or  exit  of  a  theater;  nor,  under  any  exit,  passageway,  public  hall 
obby  of  an  assembly-hall,  church,  school-building,  asylum,  hospital  or  home^ 
3  applies  to  new  buildings,  and  a  changed  location  of  a  heater-room  in  an 
ting  building.    No  cast-iron  boiler  carrying  more  than  lo-Ib  pressure  01 

I  boiler  carrying  more  than  30-lb  pressure  shall  be  located  within  the  main. 
s  of  any  school-building. 

Standard  Fire-Proof  Heater-Room  for  New  Buildings 

II  furnaces  and  boilers,  including  the  breeching,  fuel-rooms  and  firing-spaces. 
[  be  enclosed  by  brick  walls  not  less  than  12  in  thick,  or  by  monoUthic  con- 

i  walls  not  less  than  8  in  thick.  The  ceiling  over  the  same  shall  not  be  less* 
the  following:  reinforced-concrete  slab,  4  in  thick;  brick  arches,  4  in  thick, 
red  with  z  in  of  cement  mortar  and  supported  by  fire-proof  steel  with  the 
isary  tie-rods;  or  hollow-tile  arches.  6  in  thick,  covered  with  2  in  of  concrete, 
ered  on  the  under  side  and  supported  by  fire-proof  steel  with  the  necessary 
kIs, 

Spedficationa  for  Fomace-Work 

e  following  form  is  given  as  a  guide  to  architects  in  preparing  the  specific 
IS  for  furnace- work: 

nCATIONS  FOR  FURNACE-WORK  IN  RESIDENCE  FOR  Mr TO  BB 

AT 

Architect 

nace.  Furnish  and  set  up  complete,  where  shown  on  basement-plan,  one: 
ame  . .  .)  furnace,  or  approved  equal,  portable-pattern,  with  double  casings. 
xt  the  furnace  with  the  chimney  with  a  No.  22  galvanized-iron  smoke-pipe 
same  size  as  the  collar  on  the  furnace;  all  bends  or  turns  to  be  made  with 
piece  elbows;  the  pipe  to  be  strongly  supported  by  wire,  and  to  be  kept 
t>ek>w  the  ceiling. 

Pit.  Excavate  for  and  build  a  cold-air  chamber  under  the  furnace  not 
an  z8  in  deep,  with  8-in  brick  walls,  laid  and  plastered  with,  cement;  alsoi 
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the  bottom  oi  the  chamber.  BuiM  the  ookkor  dwt  vmOu  cdbr-flnq 
shown  oxk  plan,  —  ft  bag,  14  m  deep  in  the  dear,  and  >—  in  wide^  nM 
adcs  of  hard  bxick.  in  cement,  and  with  the  aides  and  bottom  amooCfaly  r^^wH 
with  cement  Cover  the  duct  with  >-in  flagstones  widi  tight  jo&Us,  leavim 
opening  of  proper  side  for  the  wooden  box  to  be  buiit  by  the  carpenter  (wooiki 
box  should  be  inchided  in  caqienter's  apedificatioBs). 

iltot  Aif  Pipes.  Furnish  and  properfjr  connect  with  nintace  and  rcgistu-bom 
leaders  and  stacks  of  the  following  sizes,  all  to  be  made  of  bright  IX  tin,  and  tk 
stacks  are  to  be  double  with  an  air-space.  AH  turns-  in  leaders  to  be  made  h\ 
three-pieGe  or  four-piece  elbows,,  and  the  stacks  to  have  boots  or  starters  a 
approved  pattern. 

^9X^B^^M    ^^B  ^uK^^^b^   ^k^^^l   ^^h^^^sX  M^^Ai^^^ 

GRxes  or  Mrtp9m  ano  jcvgistw 


Ban xz"*     leader,  no  stack              x«"  X  14^ 

Isrlor szH'^leader,.  ae-tfack              sa^Xis^ 

Dining-room za"     leader,  no  stack              xa"  X  x$" 

Library loM^lMdet,  aiiiatack              12"  X  14" 

Chamber  No.  I xo"     leader,  4"  X  15"  stack,,  xo"  X  14"  rcgista 

Chamber  No.  a 9"     Itader,  4"  X  13" stack,  10"  X  i^': 

CharaberNo.3 S^^tewksr:  4*  X  xa* •tack,  10"  X x»' 


Registers.  AH  registers  are  to  be  of  sbes  given  in  the  foregoing  Est,  of  th 
(. .  .name. . .)  or  approved  equal,  manufacture;  japaimed,  except  those  m  th 
£rst  story,  which  are  to  be  electro-bronze-plated.  AK  floor-registers  are  ti 
be  set  in  iron  borden  corsesponding  with  the  registers. 

Register-Boxes.  All  register-boxes  to  be  made  double;  for  first-story  boas 
the  JOISTS  ARE  Ta  BK  LOfED  WITH  TOT  and  provided  with  CEnsNO-nxiBs  th 
f  uO  size  of  the  registers,  with  pfeetster-coHars  attached,  so  that  pipes  and  beae 
can  be  removed  without  disturbing  the  plastering  or  dcfaring  the  ceffing. 

Miscellaneoua.  All  horizontal  pijpes  in  the  basement  are  to  be  rooxxi,  aaj 
where  they  pass  through  partitions  they  are  to  be  provided  with,  collais,  so  thri 
the  pipes  can  be  removed  withoxit  disturbing  the  plastering.  AH  leaders  are  Q 
be  provided  with  dampers  and  tin  tags  designating  the  difTerent  rooms  tb^ 
supply;  and  whenever  pipes  run  near  woodwork  the  same  is  to  be  prope^ 
covered  with  tin  and  protected  from  any  danger  from  fire.  The  contractor  i 
to  remove  all  rubbish  made  by  Imn,  clem  «p  all  ficonwark,  leave  the  vhol 
apparatus  in  oomplete  wotkiDg  order,  and  furnish  a  poker  of  proper 

Guarantee.  The  contractor  is  to  guarantee,  if  he  funisfaes  the 
drawings,  that  the  furnace  shall,  under  proper  management,  heat  all  rooa 
wirii  registers  connected  with  the  furnace,  to  70*  F.,  when  the  tempenca 
outside  indicates  o**.  In  the  event  of  the  failure-  of  the  furnace  to  da  di 
the  contractor,  at  his  own  expense  and  without  unnecessary  delay,  is  eithi 
to  make  the  furnace  heat  said  rooms  ok  substitute  another  furnace  that  m 
heat  them. 

Hot-Aix-and- Water  C^mbinatiaii-Pimaeaft 

Combination-Famaces.    It   is  quite  difficult,  if  not  imposnble,  to  hd 
dwellings  covering  throughout,  more  than  i  400  sq  ft  with  warm  air 
On  account  of  the  much  larger  exposure  and  the  increased  length  of 
it  bccpmes  necessary  to  supplement  the  warm  air  with  sji  amiiaiy  heal  whil 
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be  cufied  to  remote  and  exposed  parti  of  the  house,  and  which  ifiU  not 
iffected  by  pressure  of  wind  or  long  and  crooked  pipes.  For  suppljruig  this 
1^  huX,  hot  water  has  been  found  best  adapted  as  a  rule*  and  a  variety 
OUBOSAVKaMrvxKACBA  KK  now  made  which  contain  piovisioQS  for  heating 
f  which  may  be  canisd  by  pipes  to  radiators  located  in  those  parts  of  the 
e  ffloflt  difficult  to  heat  by  wana  air.  Such  combination-systems  have 
I  aaed  mth  snooets.  The  construction  of  the  ports  for  heating  the  water 
s  with  different  makes  of  furnaces.  Some  furnaces  have  a  portion  of  the 
)ot  hollow,  and  the  water  is  heated  there;  others  have  a  separate  heater 
aided  over  the  fire-pot.  As  a  rule,  the  parts  of  the  house  which  should 
eated  fay  the  hot  water  are  the  hails,  bath'^foons,  and  perhaps  the 
s  on  the  north  or  west  sides  of  the  house.  The  same  rules  govern  the 
>f  the  radiators  and  piping  and  the  manner  of  installing  as  in  an  entire 
rater  plant. 

SpMtflcatitn  ter  Hot-Water  Heating-Apparatiui  in  a  Reaidenet 

s  specification  contemplates  a  complete  upfeed  two-pipe  gravity  hot-water 
ig  eystem,  to  be  histalled  in  armrdance  with  the  drawings  covering  the 

Iter.  Furnish  and  set  up  in  ceEar,  where  shown  on  plan,  one  ( . . .  name . . . ) 
•boiler,  or  approved  equal,  guaranteed  free  from  all  flaws  and  defects, 
eater  to  be  set  on  a  substantial  foundation  of  hard  brick  laid  in  cement 
r  and  pot  in  by  the  heating-contractor.  Furnish  and  deliver  one  set  of 
sis,  consisting  of  one  poker,  one  slice-bar  and  one  fine  brush  and  handle. 

\km  Pipe.  Connect  the  boiler  to  the  chimney  by  means  of  smoke-pipe 
of  No.  22  galvanized  iron,  the  diameter  of  the  pipe  to  be  equal  to  the 
on  the  heater. 

unings.  The  boiler  is  to  be  provided  with  one  thermometer  registering 
o*^  F.  to  250^  F.,  and  one  Standard  altitude  gauge.* 
sr-Connections  and  Blow-o£F.  Feed-water  with  its  supply-pipe  will  be 
t  within  6  ft  of  the  boiler  by  the  pliunber  and  left  with  one  ^-in  cast-iron 
for  boiler-connection,  which  is  to  be  made  by  this  contractor,  with  suit- 
ck.  Draw-off  code  to  be  placed  on  lowest  point  of  system  and  to  be 
>r  hose-attachment. 

L  Furnish  and  run  aS  necessary  flow  and  return-mains  of  ample  isze, 
ing  them  to  radiators  with  risers  of  ample  aze  to  insure  the  free  flow 
rater  to  and  from  the  radiators.  Ail  connections  from  risers  to  racfiators 
lade  below  floors. 

ily  of  ICaterials.    All  materials  used  in  the  construction  of  this  apparatus 
te  the  best  of  their  respective  kinds,  all  fittings  to  be  heavily  beaded  and 
[  the  best  gray  iron  with  clean-cut  threads,  and,  when  practicable,  Y's 
L*s  are  to  be  used. 

ia^  The  ends  of  all  pipes  used  in  the  construction  of  this  apparatus 
5  reamed  and  all  obstructions  removed  before  pipes  are  placed  in  position. 
and  retumHOAains  in  the  basement  are  to  be  supported  by  neat,  strong, 
ih  hangers,  arranged  to  suit  expansion  and  contraction,  and  properly 
to  timbers  overhead.    At  all  points  where  pipes  pass  through  ceilings. 


Itltude-gauge  indicates  the  amount  of  water  in  the  system  and  is  a  convenient 
at  which  avoids  the  necessity  of  consulting  the  gauge-glass  in  the  tank.  It 
with  if  desiied. 
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floors,  or  partitions,  tin  thimblei  are  to  be  provided  and  the  holes  peotod 
with  floor  or  ceiling-plates. 

Bzpanaioii-Taiik.  The  expansion-tank  is  to  be  constructed  of  galvanised^ 
and  is  to  be  furnished  with  a  proper  gauge-glass  with  brass  mountiiigs  conaspk 
It  is  to  be  placed  at  least  3  ft  above  the  highest  radiator  in  a  suitable  pi 
and  supported  on  a  proper  shelf.  Ftom  this  tank  an  overflow^pipe  w3l 
run  to  the  basement  or  other  suitable  place  with  a  vent-pipe  thiougb  the  n 
properly  flashed. 

Radiators.    Furnish,  set  up,  and  pipe  the  foOowing  radiators: 


Mainhan 

Sittiog-foon 

Library 

Dining-room 

Sitting-room  chamber. 

Library  chamber 

Dining-room  chamber 

Kitchen  chamber 

Bath-room 


Nwnber 
ofradiaton 


I  indirect  radiator 

zoB 

X  indirect  radiator 

X20 

X  direct  ladiaUir 

40 

X  direct  radiator 

Co 

r  direct  radiator 

40 

X  direct  radiator 

44 

X  direct  radiator 

36 

X  direct  radiator 

S' 

X  direct  radiator 

3» 

9  radiatora 


•qft 


S" 


In  all  there  are  to  be  284  sq  ft  of  direct  surface  and  228  sq  ft  of  indirect;  to 
surface,  512  sq  ft.  The  direct  radiators  to  be  (. .  .name. . .)  hot-water  pattfl 
or  approved  equal,  38  in  high. 

Air- Valves.  Each  radiator  is  to  be  provided  with  a  nickd-plated  key-fj 
air-valve. 

Radiator-Valves.  Each  direct  radiator  b  to  be  promptly  connected  to  1 
system  of  piping  with  a  quick-opening  nickel-plated  radiator-valve  and  ud 
dbow. 

Indirect  Radiation.  The  indirect  radiators  axe  to  consist  of  two  sudks 
(...name...)  hot- water  radiation,  or  approved  equal,  connected  toged 
with  tight  joints  and  firmly  suspended  from  the  basement-ceiling  by  suitii 
wrought-iron  hangers.  The  stacks  are  to  be  so  piped  and  hung  as  to  ped 
a  noiseless  and  constant  flow  throughout  of  the  heated  water.  Each  sli 
is  to  be  enclosed  in  a  galvanized-iron  chamber  with  proper  fresh-air  inlet-dl 
and  a  corresponding  outlet-duct  for  warm  air,  connected  to  the  register  ia  1 
room  which  the  stack  is  intended  to  heat.  The  registers  are  to  be  of  1 
(. .  .name. . .)  pattern,  electro-bronze-plated,  and  of  the  following  siaes:  M 
12  by  19;  sitting-room,  14  by  22  in.  Registers  are  to  have  floor-borders  i 
to  be  set  in  register-boxes.  The  duct  connecting  the  stack  and  ntpaUx  h 
be  so  arranged  that  all  fresh  ur  coming  in  will  be  properly  heated  and  M 
veyed,  with  least  loss,  to  its  destination.  In  arranging  indirect  booBcs,  ^ 
is  to  be  exerdsed  in  getting  ample  space  for  cold  air  under  the  stJKk,  sal 
corresponding  space  for  warm  air  over  the  stack. 

Covering  of  Pipe.  All  flow  and  return-pipes  and  fittings  in  ceDar  abone^ 
floor  are  to  be  properly  covered  with  i-in  hair-felt  neatly  aewed  up  m  csfl 
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id  painted  one  coat  of  good  white  lead,  or  covered  with  asbestos  or  magnesia 
ctxmal  covering,  with  canvas  cover,  and  secured  by  lacquered-brasa  bands. 

Bofler-CoTering.  All  exposed  parts  of  the  boiler,  except  the  front,  are  to 
i  covered  with  plastic  asbestos,  i  ^  in  thick,  neatly  applied  and  troweled, 
looth. 

Workauuishi9>  AD  work  is  to  be  done  in  a  neat,  substantia]  and  workman- 
t  manner,  and  the  apparatus,  when-  completed,  is  to  be  thoroughly  tested 
d  kf  t  in  good  working  order. 

Oaarantae.  The  contractor  is  to  guarantee,  if  he  is  to  furnish  the  heating- 
iwings,  that  the  apparatus  he  installs  will  be  of  ample  capacity  to  evenly 
intain  a  temperature  of  70^  F.  in  the  rooms  in  which  radiators  are  located, 
en  the  outside  temperature  is  at  zero,  and  that  the  apparatus  throughout 
I. have  a  free  circulation  when  in  operation. 

Steam-Heating  for  Residences 

^eral  Reqniremants.  For  very  large  residences,  the  author  would 
>mmend  steam-heat,  all  of  the  principal  rooms  to  be  heated  by  indirect 
iation,  and  only  the  bath-room,  halls,  and  perhaps  the  attic  and  one  or  two 
US  on  the  north  side,  which  generally  includes  the  dining-room,  by  direct 
ation.  For  dining-rooms  a  special  direct  radiator,  containing  a  warming- 
St,  is  made.  The  air-supply  to  the  indirect  stacks  should  be  veiy  large 
provided  with  a  damper,  so  that  the  supply  may  be  regulated  according 
[ie  weather.  The  boilers  used  in  residence-heating  are  generally  of  the  cast- 
sectional  t3rpe  described  on  page  1378.  The  single-pipe  system  is  com- 
ly  used  in  dwellings,  all  indirect  radiators,  however,  being  two-pipe. 

SjMcUicAtion  for  a  Low-Pressure  Steam-Hsatinc  Apparatna  for 

Heating  by  Direct  Radiation 

teatioa.  This  specification  is  intended  to  cover  everything  necessary  to 
finish  and  install  in  the  above-mentioned  building  a  complete  steam-beat- 
^tem  in  strict  accordance  with  the  plans  and  this  specification,  as  prepared 
,  architect. 

tns.  The  drawings  herewith  are  intended  to  show  only  the  location  of  the 
',  piping  and  radiators;  the  arrangement  of  the  piping  will  be  left  largely 
t  contractor,  subject  to  the  approval  of  the  architect. 

neial  Requirements.  This  contractor  is  to  provide  all  necessary  tools  and 
uices  for  the  erection  and  completion  of  the  work,  and  when  completed, 
remove  all  apparatus,  refuse  and  debris  from  the  building  and  grounds, 
\g  the  work  in  a  clean,  uninjured  and  perfect  condition.  No  cutting  oi 
escription  tending  to  weaken  the  building  structurally  is  to  be  undertaken 
tit  consulting  the  architect.  This  contractor  is  to  be  fully  responsible  for 
fety  and  good  condition  of  the  work  and  materia]  embraced  in  this  contract 
Jie  comi^tion  and  acceptance  of  the  same.  All  work  is  to  be  of  the  best 
tr«  and  should  at  any  time  improper,  imperfect,  or  unsound  material  or 
workmanship  be  observed,  whether  before  or  after  same  has  been  built 
le  structure,  this  contractor,  upon  notice  from  the  architect,  is  to  remove 
Lnd  substitute  good  and  proper  material  and  workmanship  without  delay 
X  thereof,  in  default  of  which  the  architect  is  to  effect  same  by  other 
as  may  be  deemed  best,  and  is  to  deduct  the  cost  of  such  alterations  from 
B  due  the  contractor  under  this  contract. 
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SfttMB.  The  heating  is  to  be  effected  by  direct  radiation  (Kstribnted  thraqd 
out  as  shown  on  the  drawings,  and  the  drculation  of  the  steam  is  to  be  ^^ 
one-pipe  circuit  system.  ' 

Boiler.  This  contractor  is  to  build  the  ffoundation  for  the  boiler,  whd 
fihown,  12  in  deep,  of  common  hard  brick  laid  in  cement  mortar.  He  isl 
leave  an  ash-pit  for  the  boiler  of  proper  siae,  la  in  deep,  cemented,  and 
water-tight.  He  is  to  furnish  and  set  up  one  (. .  .name. . . )  caat-4rQo 
or  approved  equal,  boiler,  provided  with  6-in  low^presnce  braaB-caaed  Hea 
gauge,  water-gauge,  and  glass,  gauge-oocks,  combination-column,  nlety-imki 
and  blow-off  valves,  and  all  other  usual  and  necessary  trimmings  to  oompli 
the  boiler,*  and  a  full  set  of  fire-tools,  consisting  of  one  slidng-bor,  one  M 
one  poker,  and  a  deaning-brush.  He  is  to  cover  the  boiler  with  i  H-in  of  asbert 
cement,  neatly  troweled  to  a  smooth  finish. 

Water-supply.  The  plxunber  is  to  bring  the  water-supply  to  within  6  ft  < 
boiler,  but  this  contractor  is  to  make  connection  with  boiler  with  H-ni  in 
pipe,  stop-cock  and  check-valve. 

8mok»-npe.  Contractor  is  to  connect  the  boiler  wfth  the  dAmney  wMi 
found  smoke-pipe  made  of  No.  as  galvanized  iron  with  suitable  bahmoe-dampe 
This  connection  to  be  of  same  aze  as  left  for  this  purpose  by  maker  of  bofler. 

Main  Pipes  and  Risers.  The  steam-main  is  to  be  run  full  siae  for  the  enti 
length  and  provided  with  an  automatic  air-vent  at  the  end  of  the  run.  It 
to  be  of  ample  size  to  carry  all  the  risers  and  radiators  attached  to  the  systo 
and  is  to  be  graded  i  in  in  lo  ft  in  the  direction  of  the  flow.  From  the  top  • 
this  main  the  various  branches  are  to  be  taken  to  radiators  and  liseza,  tl 
connections  for  which  are  to  be  so  made  that  no  traps  are  formed.  If  a  tn 
cannot  be  avoided,  a  drip  connected  with  the  return-main  is  to  be  instafle 
Radiators  on  first  story  are  to  be  connected  direct  to  steam-main.  Ra<fiata 
for  the  second  and  third  floors  may  be  taken  off  the  same  riser.  The  aui 
after  serving  the  last  radiator,  is  to  drop  bdow  the  water-line  of  the  bafli 
and  its  size  reduced,  and  it  is  to  run  back  to  the  boiler  as  a  wet-retum-mzi 
The  steam-main  at  the  end  of  the  run  is  to  be  34  in  or  more  above  the  water-li 
of  the  boiler.  The  boiler  is  to  be  installed  in  a  pit  if  necessary  to  accompi 
this. 

Pipes  and  Fittings.  All  pipe  used  throughout  is  to  be  of  the  best  qnaE 
wrought-iron  or  steel  pipe  of  standard  weight  and  thickness,  with  the  ca 
reamed,  free  from  imperfections,  and  true  to  shape.  All  threads  are  to 
clean-cut,  straight  and  true.  All  fittings  are  to  be  of  the  best  heavy  gray  im 
with  taper-threads,  and  are  to  be  heavily  beaded.  No  inferior  pipe  or  fittis 
will  be  allowed. 

Sopporta.  All  piping  Is  to  be  supported  by  approved  ezpanaon-hangefs 
rollers,  not  to  exceed  10  ft  apart.  Neat  cast-iron  floor  and  ceiling-plates  1 
to  be  used  where  pipes  pass  through  floors,  ceilings  and  partitions. 

Radiators.  Direct  radiation  is  to  be  furnished  to  the  amount  *^"nM^i1r^ ' 
the  drawings  of  the  (. .  .name. . .)  make,  or  approved  equaL 

Radiator- Valves.  The  radiators  are  to  be  furnished  with  removable  di 
tSipe  union  valves,  rough  nickel-plated,  and  are  to  have  hard-wood  hand-whei 

Air-Talves.    Radiators  throughout  the  entire  building  are  to  be 
with  (. .  .name. . .)  automatic  air-valves,  or  approved  equal. 


*  For  house-neating  plants  it  b  well  to  specify  also  "one  automatic         _      _,^ 
d  approved  pattern,  with  connection  for  operating  draft-door  and  oold-air  check. 
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Pip«-CoTering.  All  pipes  in  the  ceHar  above  the  floor  are  to  be  covered 
th  I -in  asbestos  (or  magnesia)  sectional  covering  with  canvas  cover  and 
uied  by  lacquered-brass  bands. 

Pftiatiiic  and  Bronzinc.  AH  radiators  and  exposed  pipes  in  rooms  or  halli 
to  be  neatly  painted  two  coats  of  best  radiator-enamel,  or  bronzed  in  desired 
xs. 

finally.  When  completed,  the  apparatus  is  to  be  tested  to  lo-Ib  steam- 
Bure  and  made  tight  at  that  pressure,  said  test  to  be  conducted  under  the 
ervision  of  the  architect.  Fuel  for  the  test  is  to  be  furnished  by  the  owner, 
I  wfaoi  aooepled,  the  apparatus  is  to  be  turned  over  to  the  owner  in  com- 
e  working  order.  All  valves  and  stuffing-boxes  are  to  be  properly  packed 
the  plant  completed  in  all  its  parts,  it  being  understood  that  this  contractor 
» fumi^  all  miscellaneous  material,  tools,  labor,  etc.,  necessary  to  complete 
work  in  a  first-class  and  workmanlike  manner. 

naraatee.  This  contractor  is  to  guarantee  that  when  the  apparatus  Is 
pleted  it  will  be  free  from  all  mechanical  defects  and,  if  he  is  to  furnish 
design  and  layout,  that  the  installation  shall  be  of  ample  capacity  to  heat 
x>ms  where  radiation  is  placed  to  a  temperature  of  70**  F.  when  the  outside 
^eratiize  is  o*  F« 
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CHIMNEYS* 

By 
L.  A.  HARDING 

FOSKESLY   raOIESSOX    07    MEGHANXCAL    ENGIMEBRmO,    PEMMSyLVAllIA    SZU 

COLLEGE 

Draft.  To  bum  a  fuel  at  a  given  rate  (pounds  per  square  foot  of  gnt^-sadm 
per  hour)  requires  a  definite  weight  of  air  to  be  supplied  for  combustkMi.  71 
air  passes  under  the  grate  and  through  the  fuel-bed  and  meets  with  considerab 
resistance  in  its  flow,  not  only  through  the  fuel-bed,  but  through  or  around  U 
boiler-tubes  and  smoke-flue  or  breeching.  The  motive  force  causing  the  air-flo 
in  a  natural-draft  plant  is  supplied  by  the  chimney.  The  difTerence  bet  mi 
the  atmospheric  pressure  and  the  pressure  existing  at  any  point  in  the  fumai 
or  in  the  flue  is  termed  the  draft  at  that  particular  point.  This  pressme 
ordinarily  measured  by  means  of  a  U  tube  filled  with  water,  the  draft  beii 
recorded  in  inches  of  water,  and  is  the  difference  in  the  heights  of  the  watc 
columns  in  the  two  legs  of  the  U  tube. 

Height.  The  intensity  or  draft  that  a  chunney  is  capable  of  prodocn^  i 
the  base  is  a  function  of  its  height,  the  temperature  of  the  flue-gases,  and  d 
temperature  of  the  outside  air,  which  is  generally  aswimed  to  be  6o*.  the  tea 
perature  of  the  flue-gas  is  ordinarily  assumed  to  be  550^.  The  inteosi^  1 
draft  produced,  per  foot  height,  measured  in  inches  of  water  is 

H  »  0.0071  L 

L  >■  height  of  chimney  above  grate,  in  feet.  The  flue-gas  temperature  is  taki 
at  550**  and  the  outside  temperature  at  60".  Ordinarily  o.SH  is  taken  as  rq 
resenting  the  available  draft,  in  order  to  allow  for  the  cooling  of  the  <-liiii>i«<; 
gases.  Then  0.8^  must  be  equal  to  or  greater  than  the  sum  of  the  ezpecti 
draft-losses  as  given  in  the  following  paragraphs. 

Draft-Losses.  The  draft-losses  through  the  fuel-bed  depends  upon  d 
rate  of  combustion  required  and  the  kind  of  fuel.  This  loss  ma^r'  be  appeal 
mated  by  using  the  data  in  Table  I. 

The  LOSS  of  draft  between  the  grate  or  furnace  and  a  point  just  bej^ood  d 
damper-box  of  a  boiler  is  about  as  shown  in  Table  II  when  the  bcMleis  are  opi 
ated  at  normal  rating:  bituminous  coal  burned  at  the  rate  of  from  25  to  , 
lb  per  sq  ft  of  grate-surface  per  hour. 

The  loss  of  draft  through  the  boiler  will  depend  largely  upon  the  method 
baflaing  employed,  and  increases  with  the  per-cent  rating  at  which  the  boikr 
operated.    The  predpitating-figures  should  be  increased    by    appiazimali 
55%  when  the  boiler  is  operated  at  150%  of  its  rated  capacity,  and  by  i^ 
when  it  is  run  at  200%  rating. 

Velocity  of  Gaset  through  Flue  asd  Chinmey.    In  preliminaiy 
5  lb  coal  per  boiler  horse-power  developed,  and  24  lb  air  per  lb  of  ooai  is 


*  See,  also.  Chimneys  for  Heating  Boilers,  page  xa8x;  Flues  for  Kitchen  Raafcat 
Fireplaces,  page  1282,  and  Selection  of  Chimney  Flues,  page  1282. 
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Tlible  L    Loot  of  I>nXt  botween  Farnace  and  Aah-Pit  to  Bum  Coal 


Combuation-rate,  IS,  in  pounds  of  dry  ooal 
per  aquafe  foot  of  grate  per  hour 

Kind  of  coal 

15 

30 

25 

30 

35 

40 

45 

Force  of  draft  in  inches  of  water 

Ind.,  Kan.,  bituminous 

..  Ky.,  Pa.,  Tenn..  bituminous 
.,  Pa.,  Va„  W.  Va..  semibitu- 
inous 

.14 
.z6 

.18 
.30 
.43 

.30 
.33 

.36 
.45 

.68 

.36 
.31 

.35 

.64 

z.oo 

.33 

.40 

.45 

.88 
X.50 

.40 
.49 

.57 
1.33 

•      0      • 

.48 
.60 

.71 

•    •   « 
■   •    • 

.57 
.73 

.87 

•  •  • 

•  •  • 

imcitc  pea 

Jimate  buckwheat  No.  i . . . . 

>  n.    Loss  of  Draft  between  Orate  er  Furnace  and  a  Point  Jnst  beyond 


Horisontal  return  tubular 

Babcock  ft  Wilcox 

Stilling 

Vertical  tubular 


.  35  to  .30  in  of  water 
.  30  to  .35  in  of  water 
.Sz  in  of  water 
.43  in  of  water 


ed.  The  customary  allowable  VELoaTiss  of  gases  in  chimneys,  when 
Bign  is  based  on  i  so  lb  of  the  flue-gas  per  hour  per  rated  boiler  horse-power, 
from  Z7  ft  per  sec  for  a  diameter  of  stack  equal  to  34  in,  to  31  ft  per  sec 
^3-izi  or  lai^r  diameter.  These  figures  correspond  to  a  weight  of  0.68 
ID  lb  per  sq  ft  of  area.  The  formula  that  is  sup[>osed  to  give  the  most 
nical  diazzieter  for  an  uzilined  steel  chimziey  or  stack,  and  used  by  many 

ers  in  this  country  is  <<  •  4.68V  (h.p.)^,  in  which  d  is  the  inside  diameter 
tes  and  h.p.  is  the  rated  capacity  of  the  boilers  served. 
followhig  figures  are  frequenter  used  by  engineers  for  approximatizig  the 
draft  in  flues  or  breechings: 

horizontal  flues,  square  or  rectangular,  from  0.13  to  0.Z5  in  of  water  per 
Increase  these  values  50%  for  brick-lined  flues.    Loss  of  draft  for  ea^ 
ngie  bends,  0.05  in  of  water. 

(Vhen  economizers  are  to  be  installed  the  temperature  of  the  flue-gas  is 
I  to  from  350 **  to  325°,  and  the  total  bead,  H,  should  be  calculated  on  a 
these  temperatiues. 

rhe  loss  of  draft  through  the  economizers  should  not  be  figured  Jess 
J  in  of  water. 

rhe  turns  which  the  flue  makes  in  leaving  the  damper-box  of  the  boiler, 
:  enters  the  main  flue  and  at  the  stack,  should  be  considered  and  aUowed 

t  is  customary  to  make  the  flue  or  breeching  approximately  from  10  to 
SLter  in  area  than  the  stack  to  which  it  connects.  The  cross-section  b  re- 
1  proportion  to  the  volume  of  gas  to  be  handled  as  the  flue  passes  the 
n  succession.    The  width  of  the  flue  or  breeching,  where  it  entcn  the 
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chimney,  should  never  exceed  one  third  the  outside  dSameter  of  the  rhiinry 
its  base. 

Extmikift.  The  method  of  procedure  in  determining  the  dimeiisiaas  o 
chimney  and  breeching  b  explained  in  the  following  example. 

Three  150-1  h.p.  return  tubular  boilers  with  a  total  of  x  500  sq  ft  o£  heati 
surface  are  to  be  served.  The  total  area  of  the  grate-surface  is  90  sq  ft.  ' 
measured  length  of  the  breeching  is  40  ft.  The  gas  makes  two  right-ansle  tn 
one  at  the  entrance  to  the  breedung,  and  one  on  entering  the  chimney.  *! 
fuel  assumed  is  Penn^lvania  bituminous  coal.  If  5  lb  of  coal  per  boiler  ho 
power  per  hour  is  assumed  as  the  fuel-consumption,  the  rate  of  combustia 
(3  X  150  X  5)/9o  -  25  lb  per  sq  ft  of  grate-surface  per  hour. 

The  weight  of  flue-gas  per  second  is 

(3  X  120  X  iSo)/(6o  X  60)  -  15  lb 

Assuming  a  temperature  of  550^  the  volume  of  the  flue-gas  per 
X  5/0.0393  -  382  cu  ft.    Assuming  an  allowable  velocity  througli  the 
area  of  35  ft  per  sec,  the  required  area  is, 

382/25  -  15.3  sq  ft 

corresponding  to  54-in  diam,  approximately  The  area  of  the  floe  is  to 
15%  greater,  or 

15.3  X  1.15  "  i7*€  sq  ft 

at  the  last  boiler  next  to  the  chimney.  The  chimney  must  pioduoe  suflki 
draft  to  overcome  the  following  resistance.  The  loM  of  draft  thfough  foel^ 
based  on  a  rate  of  combustion  of  35  lb  per  sq  ft  per  hr  (Table  I)  b  031  in.  1 
loss  of  draft  through  return  tubular  boilers  (Table  II)  is  0.27  in.  The  hm 
draft  through  the  breeching  is 

0.15  X  40/100  -•  0.06  in 

The  loss  of  draft  occasioned  by  two  turns  is 

2  X  0.05  «  0.10  in 
The  total  loss  is 

0.31  +  0.37  +  0.06  +  0.1Q  »  0.74  in 
Then  ' 

H  ■■  0.74/0.8  "■  0.92  in 

or  approximately  t  in. 

Substituting  this  value  of  A  in  the  equation 

n  «  o.oo7i£ 

the  height,  L,  of  the  stack  is 

1/.0071  *  140  ft 

measured  above  the  grate. 

Kent's  Chimney-Formulas.    The  following  chimney-formulas  by 

Kent  are  largely  used  by  engineers  in  this  country:  The  formula,  is  1 

the  assumption  that  the  friction-head  in  the  chimney  is  considered  equi 
to  a  diminution  of  the  aiea  by  an  amount  equal  to  a  Mning  of  inert  gas.  a 
tiUcknesB* 


Size  of  ChixnacyB  ior  Steam-Boilers 
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If  il  ■•  the  actual  area  in  square  feet; 

E  »  the  effective  area  in  square  feet; 
i>  ■■  the  diameter  in  feet; 

Then         £  -  -4  -  0.60 VX 

The  draft-power  of  a  chimney  varies  directly  as  the  effective  area,  E,  and  i 
the  square  root  of  the  height,  L.    The  formula  for  the  horse-power  of  a  chinm 

will  take  the  form,  h.p.  »  CEVl^  in  which  C  is  a  constant.    The  vafaie  of 
as  obtained  by  Kent  from  an  examination  of  a  large  number  of  rtiimnfyt 
3.33  when  5  lb  of  ooal  is  burned  per  boiler  horse-power  per  hour. 
The  formula  for  the  horse-power  rating  of  a  chimney  is,  thereforep 


or 


h.p.  -  3.33£'^  -  3.33  (A  -oWa)VT 
E  ■■  0.3  h.p./VL 


The  Babcock  &  Wilcox  Company  reoonunend  that  when  the  fuel  used  n  kn 
grade  bituminous  coal  of  the  Middle  or  Western  States,  the  saxes  given  in  Tab 
III  be  increased  from  25  to  60%,  depending  upon  the  nature  of  the  ooal  and  tl 
capacity  desired.  If  the  gas  makes  more  than  two  turns  it  is  advisable  to  inocai 
the  diameter  given  in  the  table  by  one  size.  The  height  must  be  increased  \ 
least  30%  if  economizers  are  used.  Table  in  may  be  applied  to  heating-boikc 
the  equivalent  rating  in  square  feet  of  direct  radiation  being  approximately  cqu 
to  the  horae-power  rating  X  100. 

Chimnays  for  Tall  OiBce  and  Loft-Btdldingi.  The  chimney  or  stadc  lor 
tall  building  is  a  special  case  in  which  the  height  is  frequently  fixed  by  the  heigl 
of  the  structure  itself  or  the  height  of  the  adjoining  buildings.  In  this  case 
diameter  is  assumed  and  the  method  outlined  in  the  preceding  example  appBed 

General  Formulas  for  the  Design  of  Brick  Chimneys*     See  Vif.  \ 

Let        P  «  horizontal  wind-pressure  in  pounds  per  square  foot, 

assumed  as  25  lb  per  sq  ft  for  round  chimneys 

XX  ■■  any  section  distant  t  from  top  of  chinmey 

Id  +  d\ 
s  I 1   -•  projected  area  above  xx 

R  -•  horizontal  wind-load  in  pounds 

y  ■■  distance  from  xx  to  center  of  gravity  of  portion  sboTe 
M  »  wind-moment  in  foot-pounds 


»Pzy 


Paoperties  of  SEcnoN 

Ji  >  outside  diameter 
dt  "  inside  diameter 

c  -  di/i 

I  -i  moment  of  inertia  of  section 
A  ■-  area  of  section  in  square  feet 
-  0.7854  {di*  -  dt*) 

—  ••  section-modulus 
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/  ^  0.0982  (di*  -  dt*) 

c  d\ 

W  «■  weight  of  chimney  above  xx^  in  tons 

5i  «  compreasive  stress  at  edge  on  leeward  side  due  to  PT,  in  tons  per 

square  foot 
5s  -  compressive  stress  at  edge  on  leeward  side  due  to  if,  in  tons  per 

square  foot 

5i  -  +-J  5a  -  ±  — 

Windward  side,  Sw  —  -^ I  -7-  (tension)  i 

Leeward  side,       "^^  ""7  +  I  "7"  (compression)  I 

^v  and  Si  should  not  exceed  the  following  values,  in  tons  per  square  foot,  for 
idial  Brick  Chimneys: 

MAXmUK  TENSION  MAXIMUM  COMPRESSION 

Below  1 50  ft 2  to  2  H  200  ft  and  below 19 

From  150  to  200  ft. . .  1  to  1 H  Above  200  ft 21 

Above  200  ft o 

''oiTNDATiONS.    Calculate  wind-moment,  Mi  for  chimney  above  ground-line. 


Ml  "Ph 


^m 


/  »  length  of  side  of  square  base  in  feet 
li  »  /'  *  area  of  base  in  square  feet 

/       ^ 

—  a*  -- 1*  section-modulus  of  base 
c      6 

Wi  •"  combined  weight  of  chinmey  and  foundation 

Bmple.    It  is  required  tio  determine  the  maximum  compression,  in  tons  per 
t  at  the  base  of  the  column,  for  the  chimney  shown  in  Fig.  2,  and  also  the 
imtun  soil-pressure  in  tons  per  sq  ft.    The  assumed  wind-pressure  b  25  lb 
sq  ft.     (See  (General  Formulas  for  the  Design  of  Brick  Chimneys,  and  Fig.  1.) 
be  area  of  section  at  base,  A  >  0.7854  (16*  ^  i2.3<)  »  80.9  sq  ft. 
be  section-modulus  at  base,  I/c  —  (o.o982(i6«  —  12.3OI/16  ■«  257. 
^e  total  weight  of  brick  colimm  (Table  V)  is  IF  *  495  tons  (interpolated). 
be  projected  area  of  column  is  H  X  (8.75  -h  x6)  X  180  ^  2  228  sqft. 
w  horizontal  wind-load,  R  -2228  X25  -55  700  lb  ■•  27.8  tons, 
le  moment-arm  of  U  is  y  -  H  X  i8ol(2  X  8.75)  +  i6]/(8.75  +  16)  -  81  ft. 
le  wind-moment,  M  ■>  81  X  27.8  »*  2  252  ft  tons. 
»  495/80.9  «  6.2  tons  per  sq  ft. 
—  ±  2  252/257  ■»  8.7  tons  per  sq  ft. 

e  maximum  compression  on  the  leeward  side,  Si  +Si  «  6.2  -f  8.7  >■  14.9 
per  sq  ft.    The  maximum  tension  on  the  windward  side,  Si^  St  ■-  —  2.2 
per  sq  ft.    The  following  computations  are  for  a  square  base: 
UNOATION.    The  length  of  base,  /  »  25.5  ft,  iii  » />  «  650  sq  ft,  I/c  ■■ 
/6  «-   8x4.      The  weight  of  foundation,  based  on  x.9  tons  per  cu  yd,  is  266 
The  weight  of  the  4H-in  lining  is  36  X  11  X  0.063  -  25  tons.     The  total 
It  of  colunm,  lining  and  foundation,  is  Wi  »  495  4.  25  -f-  266  —  786  tons, 
e  moment-arm  for  R  may  be  assumed  the  same  as  before,  or  81  ft.    Ther 
2  252  ft-tons.    The  section-modulus  of  the  base,  I/c  -  l*/6  -  814. 
■«  786/650  -  T.2  tons  per  sq  ft.    5j  =  2  252/814  -  2.8  tons  per  sq  ft. 
e  maximum  soil-pressure,  5i  -f-  5s  -  1.2  -h  2.8  >-  4  tons  per  sq  ft. 
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Tiibto  V.    DMd^Load  of  Radial-Brick  Chiomeys  ia  Ton*  of  1 000  Potuids  * 


leight 

Inside  diameter  at  top,  in  feet 

a  feet 

3 

4 

5 

6 

7 

8 

9 

10 

go 

XOO 

tzo 

C30 

[30 
40 

so 

60 

70 
80 
90 

00 
ro 

90 
no 
138 
160 

98 

X20 

143 

X70 
202 
237 
277 
317 
362 

XIO 

131 
155 

185 

218 

256 

396 
340 
388 

X32 
143 
167 
198 
231 
270 

311 

357 
410 

161'* 

188 

2X8 

252 

290 

330 

375 

425 

480 

535 

600 

•    •   ■    • 

180 
206 
237 
273 
310 

353 
402 

454 
510 
570 
632 

295 
337 
375 
423 
475 
537 
593 
657 
727 
804 

*3i8* 

357 
400 

447 
500 

555 
6X7 
68s 
760 

843 

values  are  interpolated  from  curves  by  the  M.  W.  Kellogg  Company,  and  are 
^pH  radial-brick  chimneys  exclusive  of  the  weight  of  the  foundation. 


Ta>ble  VI.    Width  of  Fouadatioiia  at  Base  for  Radial-Brick  Cluiiiiieys  * 

cct. 

Inside  diameter  at  top,  in  feet 

3 

4 

5 

6 

7 

8 

9 

xo 

> 

1 

ft    in 

11  6 

12  6 

13  6 

14  6 

15  6 

*    ■     a     •    ■ 

ft   ] 

12  ( 

13  < 

14  2 

15  2 

16  ( 

17  « 

19  c 

20  ( 

23    ( 

•    ■    •    ■ 

n 

> 
) 

\ 
\ 

■ 

> 
) 

* 

> 

ft   in 

13  0 

14  0 

15  0 
x6  0 

17  3 

18  6 

19  9 

31  0 

32  6 

ft   in 

13  9 

14  8 

15  6 

16  6 

17  8 

18  10 

20  0 

21  6 
33  0 



ft   in 

15  6 

16  6 

17  6 
x8  8 
19  9 

31   0 
33    6 

23  9 

25  6 
37  0 

ft   in 

16  0 

17  0 

18  0 

19  3 
30   3 
21    6 

33  0 

24  3 
36  0 
27  6 
29  0 

ft   in 

20  0 

21  0 
23   3 

23  6 

25  0 

26  6 

28  3 

29  9 
31  6 
33  0 

ft   in 

21  3 

22  3 

23  6 

24  9 
26  3 
37  6 

29  3 

30  9 
32  6 
34  3 
37  0 

i 

«      •     >     •     • 



■    ■    •    ■ 
•    •    •    • 

38  6 


v^Jues  are  interpolated  from  curves  by  the  M.  W.  Kellogg  Company.    The 
\xTkit.  soil-pressure  at  the  outer  edge  of  the  foundation,  due  to  dead  and  wind- 
^^  0OC  exceed  2  tons  per  square  foot. 

f^^^^d'Concrete    Chimneys.    Area   of   Steel   Reinforcement   Re- 

'y;'ftc  following  formulas  are  used  by  one  concern  in  the  design  of  rein- 
oocrete  chimneys: 

.  ^^n^-moment  at  section  considered,  in  incb-pounds; 
m  vrei£r^^  ^^  ^^^  above  section  considered,  in  pounds; 
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Chimneys 


Put 


D  -i  outside  diamtter  of  shell,  in  feet; 
d  »>  inside  diameter  of  shell,  in  feet; 
R  >  radius  of  steel  circle,  in  inches; 
r  =  radius  of  neutral  core  -  }iD{i  +  {d/D)*\  feet; 
WR  >  moment  of  stability  from  weight  of  shell,  in  inch-pounds; 
5  »  i6  coo,  the  allowable  fiber-stress  in  the  steel  in  poimds  per  square  in 
A  »  total  cross-sectional  area  of  steel  rods  required  at  section  considaed, 

square  inches; 
A  -  2  (If  -  Wr)/SR  <"  number  of  baisX  crosa-sectional  area  of  one  bi 

The  bars  used  are  ordinarily  ^-In  square,  twisted  bars,  each  with  a  en 
sectional  area  of  0.5625  sq  in.  The  thickness  of  the  shell,  if  made  withool 
taper,  is  ordinarily  6  in,  and  if  constructed  with  a  taper  the  shell  is  made  5 
in  thickness  at  the  top  and  increased  K  in  in  thickness  for  each  5  ft  in  hoi 
The  maximum  compression  due  to  the  wind*moment  and  dead  load  in  I 
concrete,  at  the  base,  is  ordinarily  limited  to  350  lb  per  sq  in.  The  same  fonn 
apply  in  this  case  as  in  the  design  of  brick  chimneys  (Fig.  1). 

Example.  A  reinforced-concrete  chimney  has  the  following  <fimensioi 
150  ft  high;  no  taper;  9  ft  inside  diameter;  thickness  of  shell  6  in;  o&ui 
diameter  10  ft;  weight  of  shell  335  250  lb.  It  is  required  to  determine  the  tc^ 
cross-sectional  area  of  reinforcement. 

Af  -  25  X  10  X  150  X  150/2  *  2  812  500  ft-Ib  -  33  750000  in-fl); 
r  -  10/8  X  li  +  (9/io)*l  =  2-3  ft  -  27.6  in; 
R  -58in; 

A  -  2(33  750000  -  (33s  250  X  27.6)1/16  000  X  58)  -  53  sqin; 
If  ^^-in  square  bars  are  used,  it  requires  53/0-5625  1-  94  bars. 

Table  VH.    Reinforced-Concrete  Chlmnejrs.    Dimensions.     (Pig.  Si 


1 

' 

, 

Maxi. 

Widtl 

Height 

Inside 

Depth 

Height 

Height 

Ttoal 

mum 

of 

above 

diam- 

below 

double 

single 

height 

outside  - 

sqoaxi 

grade 

eter 

grade 

shell 

sheU 

AJfB-\-C 

diam- 
eter 

fouodi 

tioC 

ft 

ft 

ft 

ft 

ft 

ft 

ft      in 

ft 

H 

C 

A 

B 

c 

D 

E 

F 

100 

4 

5 

33 

67 

105 

6       4 

12 

100 

5 

5 

33 

67 

105 

7        4 

XJ 

125 

5 

5 

42 

83 

130 

7        4 

15 

125 

6 

5 

43 

83 

130 

8        4 

16 

ISO 

6 

6 

48 

102 

156 

8        4 

il 

I. so 

7 

6 

48 

102 

156      ' 

9       4 

.      I* 

ISO 

8 

6 

48 

102 

156 

xo       4 

19 

ITS 

8 

57 

1x8 

182 

xo       6 

12 

175 

9 

57 

1x8 

X82 

XI       6 

21 

175 

xo 

57 

X18 

z8a 

13         6 

n 

200 

10 

66 

134 

ao7 

12         6 

25 

200 

II 

66 

134 

207 

13       6 

15 

200 

12 

66 

134 

207 

14       6 

26 

225 

la 

69 

XS6 

333 

14      s 

1    n 

225 

13 

8 

69 

156 

233 

15        8 

n 

225 

14 

8 

69 

156 

233 

16       8 

j» 

250 

14 

8 

81 

X69 

258 

16        8 

33 

250 

IS 

8 

81 

X69 

358 

17        8 

33 

250 

16 

8 

81 

169 

1      358 

x8       8 

34 

ReinfoTced-Concrete  Gumneys 


ig.  3.     Deuns  of  Tin  Ranlowed- 


ChtBuwy 


himney  Company,  Chicaga,  III.,  deigned  and  constructed, 
rhimneys.  the  gieat  reinforced-conciete  chimney  at  Saganoseki, 
rientaJ  Compressol  Company,  for  the  copper  unelter.  It  was 
lUBiy,  1917,  and  ranks  with  the  highest  in  the  world,  being 
foundations  and  li'^i  ft  in  Entemal  diameter  at  tlie  ttyp. 
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Parts 


Self-Sttsteining  Steel  dinmeys*  are  largely  used,  especially  for  tall  cfaxmiieys 
of  iron-works  and  power-houses  from  150  to  300  ft  in  heigl^t. 

"The  advantages  claimed  are:  Greater  strength  and  safety;  smaller  spue 
required;  smaller  cost  by  30  to  5d%  as  compared  with  brick  chimnejrs;  avoid- 
ance of  infiltration  of  air  and  consequent  checking  of  the  draught,  commoo 
in  brick  chimneys.  They  are  usually  made  cylindrical  in  shape,  with  a  wide 
curved  flare  for  10  to  35  ft  at  the  bottom.  A  heavy  cast-iiT>n  base-plate  is 
provided,  to  which  the  chimney  is  riveted,  and  the  plate  is  secured  to  a  massive 
foundation  by  holding-down  bolts.    No  guys  are  used."t 

The  largest  SELF-fiusTAiMiNG  steel  chimney  in  the  world  (19x9)  is  that  bdit 
by  the  Chicago  Bridge  and  Iron  Works  at  the  plant  of  the  United  Verde  Copper 
Company,  Clarkdale,  Arizona.  It  is  30  ft  9  V^  in  in  diameter  and  400  ft  in 
height.  The  thickness  of  plates  varies  from  H  in  at  the  top  to  'Me  in  for  the 
bell-shaped  portion  at  the  bottom.  The  weight  of  steel  is  800  000  lb.  The 
stack  is  anchored  to  the  foundation  by  thirty-six  bolts,  each  4  in  in  diameter, 
upset,  and  spaced  equidistant  in  a  bolt-circle  of  25  ft  4yi  in  radius. 


Table  Vm. 


SizM  of  Foundations  for  Self-Sostaining  Steel  Cbimneya.  HaK- 

Linedt 


Diameter,  clear,  in  feet. . . 

3 

4 

5 

6 

7 

1                 I 

9      I     " 

Height 

ft    in 

ft    in 

ft    in 

ft    in 

ft    in 

ft    in    ft    ill 

1 

100 

15  9 
6  6 

100 
15  3 
7 
125 
17  6 
7  6 

xso 
20  4 

9 
200 

23  8 
10 

X50 

21  xo 
8 
200 

25  0 

xo 

150 
22  7 

9 
250 

29  8 

X2 

X75 
25  9 
xo 

275    ^ 

33  6 

X2 

22s 

29  XX 

13 
300 
36  0 

14 

Least  diam.  of  foundation 
Least  depth  ox  foundation 
Height 

Least  diam.  of  foundation 
Least  depth  of  foundation 

•  •  •  ■ 

•  •  •  ■ 

The  governing  feature  in  the  design  of  a  self-sustaining  steel  caniNEY  oi 
STACK  is  the  force  of  the  wind.  The  cylinder  above  any  horizontal  plane  sectioB 
may  be  assumed  to  act  as  a  cantilever  beam  in  which  the  bending  moinent,  m 
foot-pounds,  is 

in  which  H  Is  the  height  in  feet  above  the  section  considered,  D  tue  diameter  k 
feet  and  P  the  assumed  pressure  of  the  wind  in  pounds  per  square  foot  on  a  ver- 
tical cross-section.  The  fiber-stress  5,  in  pounds  per  square  inch,  acoordxn^  te 
the  formula  ior  flexure,  is  5  <»  Mc/I.  For  hollow  cylinders  of  large  diameCa 
and  small  thickness,  the  moment  of  inertia  I  '^  tR^I^  in  which  J^  « 
radius  in  feet  (equivalent  to  c  in  the  flexure  formula)  and  /  »-  thi<^ess  of 
in  inches.    Hence 


S  «  MR/i2tRH  -  o.io6M/D%    and  /  -  o.ioeM/SD*. 
The  stress  5  is  tensile  on  the  windward  side  and  cooxpressive  on  the  leeward 

•  Compiled  from  data  furnished  by  Robins  Fleming, 
t  Mechanical  Engineers'  Pocket  Book.     Kent. 

t  These  dimensions  were  taken  from  a  pamphlet  published  l^  the  Philaddphia 
ing  Works. 
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small  oompresave  stress  due  to  the  w«ght  of  the  stack.  The 
be  taken  at  25  lb  per  sq  ft  and  of  S  at  16  000  lb  per  sq  in,  as  given 
tions  for  the  Structural  Steel  Work  for  Buildings,  Chapter  XXX. 
}ui]t  for  durability  as  well  as  strength  it  is  often  advisable  to 
ioretical  thickness  of  the  shell.  No  plate  should  be  used  with  a 
iian  H  in*  It  is  important  that  the  stack  be  securely  anchored 
»n.    Mai^  methods  have  been  proposed  for  determining  stresses 

As  the  problem  depends  for  its  solution  on  the  physical  con- 

base  and  bolts,  no  exact  analysis  is  possible.     (See  editonal  dis- 

ide,  Anchor-Bolt  Tension,  in  Engineering  News,  April  30, 19x4.) 

;  assamption  is  that  the  bolts  are  screwed  up  with  a  high  initial 

achor-bolt  ring  can  then  be  considered  in  the  same  way  as  a  ring 

The  maximum  stress  at  any  point  of  the  bolt-drde  is  devel- 
irind  is  blowing  parallel  to  the  radius  through  that  point.  The 
ircumferential  inch  is  o.io6M/{2Ri)*,  2R1  being  the  diameter 
ie.  Let  b  be  the  circumferential  distance  in  inches  between 
-bolts,  N  the  number  of  bolts  equidistant  on  the  bolt-circle  and 
the  stack.  For  the  anchor-bolt  on  the  windward  side  there  is  a 
7,  due  to  the  wind, 

Sw  -  o,i<^bM/{2Ri)*  J 

b  -(2R1  X12  Xir)/N 

S»  -  aM/RiN 

«ight  of  the  portion  of  the  stack  between  adjacent  bolts,  the 
I  stress  in  any  anchor-bolt  may  be  expressed  by  the  equation 

Sw  -  (2M/R1N)  -W/N 

Chimneys.  These  chimneys  are  built  with  special  blocks 
le  circular  and  radial  lines  of  each  section  of  the  chimney  so 

brickwork  has  joints  of  an  even  thickness  throughout  and  a 

siuf  ace.  The  blocks  being  much  larger  than  common  bricks, 
}m  one  third  to  one  .**alf  as  many  joints.  Radial-brick  chim- 
ircular  in  plan  above  the  base.  The  best  form  of  base  is  octag- 
ion  90  as  to  permit  the  breeching  to  enter  the  chimney  at  a 
at  the  same  time  comply  best  with  the  rules  of  stability, 
cal-works,  refineries,  furnaces,  etc.,  radial-brick  chimnesrs  are 
e  shell,  a  lining  only  being  provided  in  the  immediate  vidnlty 
ce.     AU  radial  bricks  are  perforated  vertically  and  this  insures 

and  allows  the  mortar  to  enter  the  perforations,  thus  forming 
ige. 

for  chimney-oonstruction  have  been  tised  extensively  in 
y,  France  and  Russia  since  1870.  They  were  not  introduced 
,  however,  until  1898.  About  forty-five  years  ago  (1869  or 
stodis,  of  Diisseldorf,  Germany,  originated  a  method  of  building 
lerforated  radial  blocks,  made  from  selected  clays  and  burned 
mperature,  and  in  1898  an  American  company  *  was  formed 
»f  erecting  chimneys  by  this  method  of  construction.    Since 

stodis  Chimney  Coostruction  Company,  New  York  City. 
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that  time  the  company  through  various  agendes  has  buik  more  tha&sii 
thousand  chimneys  in  all  parts  of  the  world.  The  tallest  chimney  in  \k 
world  (19 19),  585  feet  high  and  60  ft  in  internal  diameter  at  the  top^  m 
built  by  this  company  in  19x8  for  the  Anaconda  Copper  Con^Hmy,  at  Ai»> 
oonda,  Mont. 

Mr.  H.  R.  Heinicke,*  of  Chemnitz,  Germany,  builder  of  the  460-ft  stidit 
Halsbrtidce,  Germany,  has  employed  radial  brides -made  espedally  for  euk 
chimney.  This  firm  through  long  and  costly  research  has  done  mudi  to  aake 
chimney-building  a  science.  The  chimney  at  Halsbriicke  is  a  very  remarfcabk 
one  on  account  of  its  i>roportion8.  In  a  height  of  460  ft,  the  diameter  at  tbc 
top  is  only  8  ft,  whereas  the  585-ft  stack  at  Anaconda,  MonL,  has  a  diamela 
of  60  ft  at  the  top. 

The  Heine  Chimney  Company  f  bas  erected  many  important  high  dnmneyi. 
The  essential  difference  in  the  methods  of  construction  used  by  this  compu9 
irom  those  of  the  other  chimney-constructors  is  that  the  H«ne  Chtmncy  Con* 
pany  uses  perforated,  interlocking,  radial  bricks.  It  is  claimed  that  tlis 
interlocking-feature  has  an  advantage  over  the  straight-sided  bricks  in  actini 
as  a  preventive  of  deep  weathering  of  the  joints  and  of  air-leaks.  In  ad<fitk)i 
to  this  it  is  claimed  that  the  circumferential  strength  of  the  walls  when  baft 
of  this  type  of  brick  is  considerably  greater  than  when  built  with  phio-adeij 
or  corrugated  bricks.  The  perforations  in  these  bricks  are  fewer  but  higa  thai 
those  of  some  of  the  other  constructors.  The  brickwork  is  laid  on  fufi-mortai 
beds  with  shoved  joints.  These  large  perforations  allow  the  mortar  to  m 
in  them,  thus  forming  pins  which  give  the  walls  great  strength  and  enable  thea 
to  withstand  the  stresses  due  to  expansion  caused  by  the  high  tempefature  d 
the  flue-gases.  In  walls  more  than  one  brick  thick,  the  bricks  are  laid  up  ii 
English  bond,  that  is,  with  alternate  header  and  stretcfaer-connes.  Thb  cam 
pany  advocates  this  method  of  construction  even  in  cfaimneys  boflt  with  th 
ordinary  straight-sided  common  building-bricks.  Among  the  many  impoitul 
chimneys  constructed  by  the  Heine  Chimney  Company  is  the  one  otctH 
at  the  St.  Joseph  Lead  Company's  plant,  at  Herailanmm,  Mo.  The  heigkl 
of  this  chimney  is 350  ft  and  the  inside  diameter  at  the  top  aoft.  (Seepaff 
1706.) 

The  M.  W.  Kellogg  Company  t  bas  designed  and  built  many  radial-farid 
chimneys  for  power-plants,  chemical>works  and  other  purposes.  Sevenl  of  tk 
important  chimneys  put  up  by  them  are  mentioned  in  the  list  of  taU  chimney 
(page  I379)>  Some  of  the  details  of  construction  differ  from  those  of  the  otk 
companies  mentioned.  One  of  the  points  of  difference  is  the  detail  idatjag  t 
the  corrugations  on  their  txicks.  These  corrugations  are  ^  in  wide  and  )t  i 
deep  and  are  placed  along  the  vertical  sides  of  the  bricks  as  they  fie  in  the  «l 
The  adhesion  between  the  bricks  and  mortar  is  increased  by  this  increased  aM 
It  is  daimed  that  tests  made  show  that  this  is  the  case.  On  account  U  the 
corrugations  it  is  not  considered  necessary  to  embed  any  ironwork  in  tbc 
chimneys  to  prevent  the  development  of  cracks  due  to  heiit-expansion.  Im 
work  has  sometimes  been  inserted  when  plain-sided  bricks  have  been  used.  1 
is  daimed  that  this  design  is  somewhat  heavier  than  that  empktyod  by  sofl 
other  constructors,  this  ccmipany  holding  that  it  is  not  sale  to  figure  on  ww 
pressure  of  less  than  25  lb  per  sq  f t  of  itrojected  area.  Among  the  wta 
tall   chimneys  erected  by  this  company  may  be  muntionrd  TTwitRy  d 

*  H.  R.  Heinicke,  Incorporated,  New  Yoric  Gty. 
t  Tbe  Heine  Chimney  Company,  Chicago,  SL 
}  TbeM.  W.  Kdiogg  Company,  New  Yink  City. 
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glas.  Ant.,  erected  for  the  Copper  Queen  Conaolidated  Idmmg 

er  reliable  companies  which  deagn  anfl  construct  tall  chimnejra. 
1  here  were  the  pioneers  in  this  work. 

List  of  Tall  Chimneys  Over  300  Feet  in  Height 

>ted  that  this  list  is  constantly  added  to  from  year  to  year. ' 

Dnim. 
Height,   inside 
It        at  top, 
ft 

it.,  Anaconda  Copper  Co.  (1918) 585  60 

,,  American  Smdting  &  Refining  Co.  (1917)  . .  .  573  35 

pan,  Oriental  Compressol  Co.  (191 7) 570  26 >^ 

[ont.,  Boston  &  Montana  Consolidated  Copper 

ining  Co.  (1907) 506  50 

ly,  Germany,  Halsbriicke  Foundry 460  8 

!)undas,  Scotland,  F.  Townsend 454 

)Ilox,  Scotland,  Tenant  &  Co 436H  .. 

Jnited  Verde  Extension  Mining  Co.  (19x8) 425  30 

;,  Messrs.  Musprath  Chemical  Works 406 

,  United  Verde  Copper  Co 400  309^ 

Consolidated  Kansas  City  Smelting  &  Refining 

400        30 

American  Smelting  &  Refining  Co.  (191 1) 400        35 

ont.,  American  Smelting  &  Refining  Co.  (191 7) .  400        16 

"lough  Mill,  Scotland,  Messrs.  Crossley's 381 

K.  Williams  &  Co.  (1911) 375  7 

ton,  England,  Dobson  &  Barlow 367 

'.,  Eastman  Kodak  Co.  (two)  (1906,  1911) 366,  9  and  13 

^  N.  J.,  Orford  Copper  Co.  (two)  (1900,  1910). .  365        10 

Garfield  Smelting  Co.  (1913) 350        22 

lo.,  St.  Joseph,  Lead  Co 350        20 

Fall  River  Iron  Co 350        ix 

Eieller  Merz  Co  (1904) 350  8 

r.  J.,  Clark  Thread  Co 335 

If  Germany,  Wessenfield  &  Co 331 

land,  Gas-Works 329 

m.,  Tennessee  Copper  Co 325        20 

d.,  Indianapolis  Traction  Co 320        13 

igland,  Brook  &  Son,  Fire-clay  Works 315 

land,  Adams  Soap- Works 312 

!.,  Rhode  Island  Suburban  Railway  Co 308        16 

N.  Y.,  New  York  Steam  Co.  (1904) 308        15 

i,  P.  Dickdn  &  Son 300 

ad,  Mitchell  Brothers 300 

•  the  Alphons  Custodis  Chimney  Construction  Company,  New  Yock 

:rete.  The  Weber  Chimney  Company,  Chkago,  HI. 
H.  R.  Heinicke,  Incorporated,  New  York  City, 
iteel  chimney,  the  largest  (of  this  type)  in  the  world  (19x9). 
Tba  Heine  Chimney  Company,  Chicago,  III. 
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Partial  List  of  Tall  Chimneya  over  300  Feet  in  Heicht  (ContiBned) 

DiuL 
Height    insde 
ft        at  top 
ft 

•Garfield,  Utah,  American  Smelting  and  Refining  Co.  (1905) 300  30 

*Hayden,  Ariz.,  American  Smelting  and  Refining  Co 300  25 

t  Douglas,  Ariz.  Copper  Queen  Consolidated  Mining  Co 300  22 

tTacoma,  Wash.,  Tacoma  Smelting  Co 300  18 

§McGill,  Nev.,  Steptoe  Valley  Traction  Co 300  15 

•Brooklyn,  N.  Y.,  Nichols  Chemical  Co.  (1905) 300  12 

•Claymont,  Del.,  General  Chemical  Co.  (1912) 300  8 

*  Constructed  by  the  Alphons  Custodb  Giimney  Construction  Company,  NewYofk 
City, 
t  Constructed  l^y  The  M.  W.  Kellogg,  Company,  Nev  Yofk  City. 
i  Reinforced  concrete,  The  Weber  Chimney  Company,  Chicago,  DL 
{  Conrtructed  by  H.  R.  Heinicke,  Incorporated,  New  York  City. 
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[jcs,  plumbing  and  deainage,  illuia- 
nauno-gas  and  gas-piping 

By 
J.  J.  COSGROVE 

COMSULTINO   aANTTARY   EKGIN:EER 

(z)   HYDRAULICS 

ctically  an  incompressible  liquid,  weighing,  at  the  average  temper- 
62.355  lb  to  the  cu  ft  and  8.335  lb  to  the  gallon.  These  figures 
with  changes  in  temperature  and  atmospheric  pressure,  and  a 
for  the  same  temperature  will  be  found  in  different  works. 

Water.  The  pressure  of  still  water  in  pounds  per  square  inch 
s  of  any  pipe  or  vessel  of  any  shape  whatever  is  due  alone  to  the 
:  of  the  suriface  of  the  water  above  the  point  considered  pressed 
|ual  to  0.433  lb  per  sq  in  for  every  foot  of  head  at  62"  F.  The 
er  square  inch  is  equal  in  all  directions.  To  find  the  total  pres- 
ater  against  and  perpendicular  to  any  surface,  whether  vertical, 
inclined  at  any  angle,  whether  it  be  flat  or  curved,  multiply 
ea  in  square  feet  of  the  surface  pressed,  the  vertical  depth  of  its 
ty  below  the  surface  of  the  water,  and  the  constant  624.  The 
:  the  required  pressure  in  pounds.  This  may  be  expressed  by 
»ws: 

P"  67^  AD 


essure  in  pounds  of  quiescent  water  on  the  surface  considered; 

ea  pressed  upon  in  square  feet;  and 

irtical  depth  in  feet  of  center  of  gravity  of  surface  considered. 


PrMsure  in  Poonds  per  Square  Inch  for  Different  Heads  of 

Water  in  Feet 


I 

2 

3 

4 

5 

6 

7 

8 

9 

0.433 

0.866 

1.299 

1.732 

3.165 

2.598 

3.031'  3.464 

3.897 

4.763 

S.196 

5. 629 

6.062 

6.495 

6.928 

7.361   7.794 

8.227 

9-093 

9.526 

9.959 

10.392 

10.825 

11.258 

ZI.691 

12.124 

12.557 

13.423 

13.856 

14.289 

14.722 

15.155 

15.588 

16.021 

16.454 

16.887 

17.753 

18.186 

18.619 

19.052 

19.485 

19.918 

20.351I  20.784 

21.317 

23.083 

22.516 

22.949 

23.382  23.815 

24.248 

24.681 

25.114 

25. 547 

26.413 

26.846 

27.279 

27.712  28.145 

28.578 

29.011 

29.444 

29.877 

30.743 

31.176 

31.609 

32.042 

32.475 

32.908 

33.341I  33.774 

34.207 

JS.073 

35.506 

35.939 

36.372 

36.805 

37.238 

37.671:  38.X04 

38.537 

39.403 

39.836 

40.269  40.702 

41.135 

41.568 

42.001  43.436 

I 

42.867 

for  greater  heads  can  be  readily  found  by  multiplication  or  addi- 
pressure  for  a  head  of  1 10  ft  is  ten  times  that  for  z  i  ft.  The  pres- 
i  equal  to  the  pressure  for  no  ft  plus  that  for  8  it. 
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Flow  of  Water  in  Pipes.  Owing  to  the  many  practical  and  variable  con- 
ditions which  afifect  the  flow  of  water  in  pipes,  such  as  the  smoothness  of  tbe 
pif»e,  number  and  character  of  the  joints*  bends  and  v€Wes  in  the  pipe,  to  say 
nothing  of  the  size  and  length  of  the  pipe,  aQ  formulas  for  the  velocity  and 
discharge  of  water  in  and  through  pipes  can  only  be  considered  as  approxiniate. 
The  following  formulas  and  data  are  taken  largely  from  the  National  Tube 
Company's  Book  of  Standards,  1903  edition.  They  agree  fairly  well  with 
similar  tables  by  Kent  and  Trautwine,  both  of  whom  devote  much  space  to  this 
subject.  The  quantity  of  water  passing  through  a  given  pipe  is  governed  by 
the  sectional  area  of  the  pipe  or  outlet  and  the  mean  velocity.  The  vdodty 
depends  primarily  upon  the  pressure  or  head,  and  is  greatly  affected  by 
friction,  which  again  varies  with  the  smoothness  of  the  bore,  the  diameter 
and  length  of  the  pipe,  and  whatever  obstructions  there  may  be  in  the  pipe. 
The  HEAD  is  the  vertical  distance  from  the  surface  of  the  water  in  the  reserv'oir 
to  the  center  of  gravity  of  the  lower  end  of  the  pipe  when  the  discharge  is  into 
the  air,  or  to  the  level  surface  of  the  lower  reservoir  when  the  discharge  is  under 
water.  When  the  pressure  is  produced  by  mechanical  means,  the  head  of  water 
in  feet  may  be  readily  determined  by  the  following  table: 


Table  B.*    For  Conyertmg  Pressore  in  Pounds  per  Square  Inch  into  Heed  o( 

Water  m  Feet 


Pres- 
sure 


o 
10 
20 
30 
40 
SO 
60 
70 
80 
90 


23 

46 

69 
92 

115 
138 
161 

184 
207 


0947 

1894 

,2841 

.3788 

4735 
S682 

6629 
7576 
8523 


2.309 

25.404 
48.499 
71.594 
94.688 
117.78 
140.88 

163.97 
187.07 
210.16 


4 
27 
so 
73 
96 

I30 

143 
166 

189 
212 


619 
714 
808 

903 
998 
09 
19 
.28 
38 


6. 
30. 
53 
76. 

99 
122. 

145 
168, 
191 


928 

023 

118 

213 

307 

40 

SO 

59 

«9 


9 
32 

55 

78 

lOI 
124 

147 

170 

194 


47  214.78  217 


238 
333 
4^7 
522 
62 

71 
81 

90 
00 

09 


11.547 
34.642 

57.737 
80.831 
103.93 
ia6.oa 
150.12 
173.21 
196.. 31 
219.40 


13.857 
36  952 
60.046 

83.141 
106.24 

129.33 
152.42 
175.52 
198.61 
221.71 


z6 

39 
62. 

85. 
108. 

131. 
154. 
177. 
200. 
224. 


t66 

a6i 

3S6 

450 

55 

64 

73 

83 


8 


18 
41 
64 
87 
no 

133 

157 
180 


476:  ao.785 
SToi  43.S0 
66S'  €6  973 
760  90.069 


85 


1x3.16 


92  '203 
02    226 


95  13636 
04  IS935 
14    18245 

23  '205.54 
33   22B.64 


*  Tables  A  and  B  are  exact  for  water  at  62**  F.  and  for  atmospheric  pressare  at  14-7 
lb  per  sq  in.  * 

To  ftnd  the  velocity  of  water  discharged  from  a  pipe-line  longer  tbaa 
four  times  its  diameter,  knowing  the  head,  length  and  inside  diameter,  use  the 
following  formula: 


m 


in  which 

V  ■>  approximate  mean  velocity  in  feet  per  second; 

tn  —  coefficient  from  the  table  below; 

d  =»  diameter  of  pipe  in  feet; 

h  =  total  head  in  feet; 

L  =■  total  length  of  line  in  feet. 

The  following  coefficients  are  averages  deduced  from  a  large  number  of  espcn- 
ments.  In  most  cases  of  pipes  carefully  laid  and  in  fair  condition,  they  should 
sive  results  varying  not  more  than  from  5  to  10%. 


Hydxaiilks 
▼ahiei  of  Coettdent  m 
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Diameter  of  pipe  in 

feet 

0.05 

O.IO 

0.50 

I 

1. 5 

2 

3 

4 

m 

fm 

m 

m 

fl» 

» 

m 

m 

^ 

31 

as 

as 

37 

40 

44 

47 

34 

35 

37 

39 

42 

45 

49 

53 

39 

40 

A2 

45 

49 

S2 

56 

59 

41 

43 

47 

50 

54 

57 

60 

63 

[       ^ 

47 

52 

54 

56 

60 

«4 

67 

1        47 

1        50 

54 

S6 

58 

6a 

€6 

70 

1        48 

1        51 

1 

55 

58 

60 

64 

67 

70 

Given  the  head,  A  -  50  ft;    the  length,  Z.  ■■  5  280  ft  and  the  diam- 
t;   to  find  the  velocity  and  quantity  of  discharge, 
ing  these  values  in  the  foregoing  fonnula,  we  get 


2X  so 


0.136 


in  headed 


5280+108       t  5388 
find  O.IO,  which  is  the  value  nearest  to  0.136, 


along  this  line  until  column  headed  2  is  reached;  then  read  62  9M 

of  coefficient  m. 

«  62  X  0.136  »  8.432  ft  per  aec,  the  velocity  required. 

1  the  discharge  in  cubic  feet  per  second,  multiply  this  velocity  by 

OSS-section  of  pipe  in  square  feet. 

J.1416  X  (i)*  X  8.432  —  26.49  cu  ft  per  sec. 

here  are  7.48  gal  in  a  cubic  foot,  the  discharge  in  gallons  per  second  *■ 

.48  «  198.2. 

6ove  formula  is  only  an  approximation,  since  the  flow  is  modified  by 

)ints,  incrustations,  etc. 

id  the  head  in  feet  necessaiy  to  give  a  stated  dischaige  in  cubic  fee^ 

formula 

0.000704  Q*(£+ 54  <^ 


■  total  head  in  feet; 

-  total  length  of  line  in  feet; 

«  diameter  of  pipe  in  feet ; 

•  quantity  of  water  in  cu  ft  per  second. 

mfle.   Given  the  diameter  of  pipe,  d  »  0.5  ft;    the  length  of  pipe,  L  » 
and  the  quantity  of  water  to  be  discharged,  9  "■  3.07  cu  ft  per  sec;  to 
he  necessary  head. 

Ktituting  these  values  in  the  above  formula,  we  get 
OXX»704  X  9.4  X  (20+  27) 


i^- 


(o.5)» 
0.000704  X  9.4  X  47 

.0.03125 


9.95  ft,  the  required  head. 


-o 


The  following  formula  is  simpler  and  can  be  used  when  54  J  in  relatioa  to 
Z,  is  so  small  as  to  be  negligible: 

,     0.000704  0«  X  L 
*■• li 

If  the  pipe  instead  of  being  straight  has  easy  curves  (say  with  radius  not  ksf 
than  five  diameters  of  the  pipe)  either  horizontal  or  vertical,  the  discharge  vil 
not  be  materially  diminished  so  long  as  the  total  heads  and  total  actual  lengtlu 
of  pipe  remain  the  same,  but  it  is  advisable  to  make  the  radius  as  much  xnon 
than  five  diameters  as  can  conveniently  be  done. 

To  find  the  diameter  of  a  pipe  of  given  length  to  deliver  a  given  quantity  d 
water  under  a  given  head  use  the  following, 


tf  -  0.234  Y'-^ 


in  which 


d  "  diameter  of  pipe  in  feet; 

Q  -  cubic  feet  per  second  delivered; 

L  «  length  of  line  in  feet; 

A  >  head  in  feet. 

Example.  Given  the  head,  h  -  700  ft;  the  length  of  pipe,  L  «  3  000  ft; 
the  quantity  to  be  delivered,  Q  -  4  cu  ft  per  sec;  required  the  diameter  of  pipe 
necessary. 

Substituting  these  values  in  the  foregoing  formula,  we  get : 


,  A  /16  X  3  000  j/r- —  -      ^      - 

a  -  0.234  V —  -  0.234  ^  68.57  ■  0.545  ft  -•  6.54  in 

"        700 

iTo  find  the  diameter  of  pipe  required  to  deliver  a  given  quantity  of  vxter 
with  a  given  head. 

Rule,  (i)  Reduce  the  head  to  feet  per  100  ft;  (2)  from  Table  C,  page  13SS. 
find  the  discharge  for  the  head  thus  obtained  through  a  pipe  r  f t  m  diameter; 
(3)  divide  the  required  discharge  by  that  obtained  from  Table  C;  look  for  tbe 
quotient  in  the  column  of  Table  D,  page  1386,  headed  Ratio  of  Discharge,  etc^ 
and  opposite  it,  in  the  adjoiaing  columns  of  the  table,  will  be  found  the  re» 
quired  diameter. 

Note.  The  use  of  Tables  C  and  D  gives  results  sufficiently  coriect  for  pipei 
less  than  700  diameters  in  length. 

Bxamfde.  If  the  head  of  water  from  a  reservoir  to  the  point  of  delivery  is  20 
ft  in  a  distance  of  i  860  ft,  what  is  the  diameter  of  a  pipe  required  to  delrrer  6 
cu  ft  of  water  per  second?    , 

20  ft  head  in  i  860  ft  *  20/18.60  ft  in  xoo  ft,  or  1.075  ^t  in  100 
From  Table  C  we  find  that  the  discharge  per  second  with  a  head  of  1.136  h 
3.989  cu  ft;  for  a  head  of  1.075  it  would  be  about  3.8  cu  ft.  Dividing  the  ^^ 
quired  discharge  6,  by  3.8  cu  ft  per  sec,  we  have  1.58.  From  Table  D  tfae 
diameter  of  pipe  having  a  ratio  of  discharge  equal  to  1.58  !s  found  to  be  about 
14H  in;  therefore  we  must  use  a  15-in  pipe  to  obtain  the  required  discharge.  If 
the  required  discharge  is  in  gallons,  divide  by  7.5  to  reduce  to  cubic  feet  Hii 
cubic  feet  per  minute,  divide  by  60  to  reduce  to  feet  per  second. 
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I>Uuneter  and  One  Mile,  or  s  a8o  Diameten,  in  Lengdi 

1     Head  in  feet 
1          per  znile 

Velocity  in 
feet  per  sec 

Diachaxvein 

cubic  feet 
per  sec 

Discharge  in 
cubic  feet 
per  34  hours 

1 

I  13 

0.8914 

76982 

1                    4 

1  31 

1.008 

88862 

1                    5 

1  47 

1. 150 

99403 

^ 

I  61 

IS 
1.300 

109309 

7 

\1^ 

118  022 

8 

1  455 

125  740 
132909 

9 

196 

I  539 

lO 

206 

1.633 

141  145 

la 

2.27 

1.78a 

153964 

^i 

2  45 

I  924 

166233 

i6 

2  62 

3  057 

177734 

18 

2.78 

a.  183 

188  611 

20 

2.93 

2.301 

198806 

25 

326 

2.572 

232  156 

30 

3  59 

2.819 

243604 

•  35 

388 

3  047 

263260 

40 

4.15 

3  267 

382288 

45 

440 

3  451 

398309 

50 

464 

3638 

314352 

60 

5. 08 

3989 

344649 

70 

5  49 

4  311 

372  470 

80 

58S 

4  603 

397613 

90 

6.23 
656 

4.900 

423435 

100 

5.144 

444312 

no 

6  87 

5  395 

466138 

120 

7.1S 

m 

487209 

130 

7  47 

506823 

140 

776 

6094   • 

536521 

150 

8.05 

6  322 

546048 

•                   160 

8.30 

6.534 

564576 

I                170 

85s 

6.71S 

580176 

)               180 

8.80 

6  903 

596418 

&                 190 

9.04 

7.100 

613440 

B 

200 

9.28 

7  276 

628  704 

1 

22s 

9.84 

7.696 

664848 

3 

250 

10.4 

8.168 

705738 

fi 

27s 

10.8 

8.482 

732844 

]i» 

300 

II. 3 

8.914 

769824 

%■  ■ 

SSO 

12.3 

9.621 

83II68 

400 

13  I 

10.28 

-888  624 

33 

450 

139 

10.91 

943056 

,7 

SCO 

14. 7 

II. SO 

994032 

ii 

550 

IS  4 

12.09 

I  044  576 

* 

600 

16. 1 

12.64 

I  092096 

JO                     650 

16.7 

1311 

1  133704 

2S 

700 

17  4 

1366 

1  180  224 

ao 

7S0 

18.0 

14.13 

I  320  832 

IS 

800 

18  6 

14  55 

I  257  408 

09 

850 

19  I 

15-00 

I  296000 

.04 

900 

19.6 

15  39 

1329696 

99 

9S0 

20.3 

IS  94 

1  377  216 

94 

1000 

20.8 

16.33 

I  411  456 

J.73 

1200 

22.7 

17  82 

1539648 

V52 

1400 

24  5 

19  24 

I  662336 

i.30 

1600 

26.2 

20. 57 

I  777  248 

4.08 

1800 

27.8 

21  83 

I  886  112 

7.87 

2000 

29.3 

23.01 

1988064 

*7  3S 

3500 

328 

25  72 

3  221  560 

;6.8i 

3000 

1 

35.9 

28  19 

2436040 
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Table  D.    DUm«ten  of  Pipes  and  Ratio  of  Discharge 


- 

Ratio  of  dis- 

Ratio of  di»> 

Diameter 

Diameter 

charge  to  that 

Diameter 

Diameter 

charge  to  that 

of  pipe, 
in 

of  pipe, 
ft 

through  a 

i-ft  pipe 

with  the  same 

head  per  mile 

of  pipe, 

in 

of  pipe, 
ft 

through  a 

i-fi  pipe 

with  the  Game 

head  per  mile 

I 

0.08J3 

0.0090 

12^4 

X.042 

X.106 

iH 

0.1250 

o.ooss 

13 

1.083 

1. 221 

2 

0.1667 

0.0113 

14 

1.167 

X.470 

i              2^ 

1 

0.2083 

0.0198 

15 

1.250 

1.746 

;       3 

0.2500 

0.0310 

16 

1.333 

2.0S3 

1          3H 

0.2917 

0.0458 

17 

1. 417 

2.388 

4 

0.3333 

0.0643 

18 

1.5 

2.754 

4H 

0.3750 

0.0857 

19 

1.583 

3  153 

5 

0.4167 

0.1119 

20 

1.667 

3S8S 

sH 

0.4583 

0.1422 

21 

1.75 

4.0SI 

6 

0.5 

0.1767 

22 

1.833 

4.551 

6H 

0.5417 

0.2159 

23 

1. 917 

S  084 

7 

0.5833 

0.2600 

24 

• 

2 

5.6« 

7H 

0.6250 

0.3090 

24H 

2.052 

6.000 

8 

0.6667 

0.3631 

26 

2.167 

6.91J 

8Vi 

0.7083 

0.4220 

28 

2.a\3 

8.319 

9 

0.75 

0.4871 

30 

2.5 

9.822 

9H 

0.7917 

0.5575 

3oV4 

2.521 

lO.O 

10 

0.8333 

0.6337 

32 

2.667 

II.6 

loH 

0.8750 

0.7157 

34 

2.833 

13-S 

IX 

0.9167 

0.8044 

36 

3 

155 

11^ 

0.9583 

0.8987 

38 

3.167 

17.8 

12 

I 

I 

40 

3.333 

20.2 

This  table  shows,  also,  the  relative  discharging  capacities  of  long  pipes.  Thus, 
one  x2-in  pipe  is  equal  to  two  ^in  pipes,  to  nearly  six  6-in  pipes,  or  to  tbiity* 
three  3-iii  pipes. 
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libU  £.    Flow  «f  Water  ia  House  Service-^PipM 

ThomsoB  Meter  Company 

To  find  the  discharge  in  gallons,  multiply  by  7*47 


Pres- 
sure in 

main, 
lb  per 
sq  in 

DisGharge  in  cubic  feet  per  minote  from  the  pipe 

Conditbn  of 
dischai^e 

Nominal  diameters  of  iron  or  lead  service-pipe  in  inches 

Yi 

H 

H 

z 

Ih           3 

1 

3 

4 

6 

rhixwgh 
35  ft  of 
service- 
pipe;  no 
back- 
prestixre 

3D 
40 

SO 
6o 

75 

lOO 

130 

1. 10 
1.27 
1.42 
i.S6 

1.74 
2.01 
2.29 

1.92 
3.22 
2.48 

2.71 

3.03 

3-50 
3.99 

3.01 
3.48 
3.89 
4.26 

4.77 
550 
6.28 

6.13 

7.08 
7.92 
8.67 
9.70 
11.20 

12.77 

16.58 
19.14 
31.40 

23.44 
26.21 

30.27 
3451 

33.34 
38.50 
43.04 
47.15 
52.71 
60.87 
69.40 

88.16 
I0I.80 
113.82 
124.68 

13939 
160.96 

183.52 

173.85 

200.75 
224.44 
245.87 
274.89 
317.41 
361.91 

444.63 
513.42 
574.02 
628.81 
703.03 
811.79 
925.58 

hixmgh 
looftof 
service- 
pipe;  no 
back- 
pressure 

30 
4P 
SO 
6o 

75 

100 

130 

0.66 

0.77 
0.86 

0.94 
I. OS 
1.32 

1.39 

r.i6 

1.34 
1.50 
i.6s 
r.84 
3.13 
3.42 

X.84 
2.13 

3.37 
3.60 
3.91 
3.36 
3.83 

3.78 
4.36 
4.88 
5.34 
5. 97 
6.90 
7.86 

10.40 
12.01 
13.43 
14.71 
i6.4S 

18.99 
31.66 

21.30 

24.59 
37.50 
30.12 
33.68 
38.89 
44.34 

S8.T9 
67.19 
75.13 
82.30 
92.01 
106.24 

131.14 

« 

118. 13 
136.41 
153.51 
167.06 
186.78 
315.68 

345.91 

317.23 
366.30 
409.54 
448.63 
501.58 
579.18 
660.36 

brough 
looftof 
service- 
[npe  and 
IS-ft  ver- 
tical rise 

30 
40 
50 
6o 
75 

100 

130 

0.55 
0.66 

0.75 
0.83 
0.94 

X.IO 

1.36 

0.96 
1. 15 
X.31 
1-45 
X.64 
1.93 
3.30 

I. S3 
X.8I 
2.06 
2.29 

3.59 
3.02 

3.48 

3. II 
3.73 
4.34 
4.70 
533 

6.31 

7.14 

8.57 
10.34 

11.67 
13.94 
14.64 
17.10 
19.66 

17. 55 
20.95 
23.87 
26.48 
29.96 
35.00 
40.23 

47-90 
57. 20 
65.18 
73.28 
81.79 
95. 55 
109.82 

97.17 
116. 01 
133.30 
146.61 

165.90 
193.82 

222.75 

360.56 
311.09 
354. 49 
393.13 
444.85 
519.73 
597. 31 

rx>ush 
ooftof 

ipe  and 
[>-ft  ver- 
icalrise 

30 
40 
SO 
6o 

75 

100 

130 

0.44 
o.SS 
0.65 

0.73 
0.84 
1. 00 

LIS 

0.77 
0.97 
1.14 
1.28 

1.47 
1.74 
2.02 

1.22 

1.53 

1.79 
3. 03 

3.32 

2.75 

3.19 

3.50 

3. IS 
3.69 
4.IS 
4.77 
5-65 
6.SS 

6.80 
8.68 
10.16 
XI.4S 
13.1s 
15.58 
18.07 

14.11 

17.79 
20.82 

23.47 
26.9s 
31.93 
37.02 

38.63 
48.68 
56.98 
64.33 
73.76 
87.38 
101.33 

78.54 
98.98 
115.87 
130.59 
149.99 
177.67 
206.04 

_ 

311.54 
366.59 
313.08 

351.73 
403.98 
478.SS 
554.96 

ble  E  may  also  be  used  when  the  pressure  is  in  feet-head  of  water  by  reducing 
lead  in  feet  to  pounds  per  square  inch  by  Table  A.  Thus,  if  we  wish  the 
ar^e  per  minute  through  a  94-in  pipe  100  ft  long  with  a  head  of  70  ft,  we 
Tom  Table  A  that  a  head  of  70  ft  corresponds  to  a  pressure  of  30  lb  per  sq 
^  from  Table  £  we  find  the  discharge  through  a  H-m  pipe  100  ft  bng  with 
isuiv  of  30  lb  to  be  1.84  cu  ft  per  minute* 
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Table  F.    Friction  of  Water  in  Fipee  Bated  on  SDis  and  Howlaad*i 

Bxperimente 

The  following  table  gives  the  friction-loss  in  pounds-pressure  per  square  mch 
for  EACH  ICO  ft  of  length  in  clean  iron  pipes  of  different  sizes,  discharging  gives 
quantities  of  water  per  minute.  This  friction-losft  is  greatly  increased  by  bends 
or  irregularities  in  the  pipe. 

To  find  the  friction-head  io  feet,  multiply  by  a.3 


Sizes  of  pipes,  inside  diameter 

1 

Gallons 
per  minute 

1 

I 

Hin 

zin 

iHin 

iWin 

2  in 

2Hin 

3ln 

4  in    1 

5 

3.3 

0.84 

0.31 

0.12 

! 

10 

13.0 

3.16 

i.os 

0.47 

0.12 

IS 

28.7 

6.98 

2.38 

0.97 

0.26 

ao 

SO. 4 

12. 3 

4.07 

1.66 

0.42 

25 

78.6 

19.0 

6.40 

2.62 

0.64 

0.3I 

o.zo 

0.27 

30 

27.5 

9.  IS 

3.75 

0.91 

^ 

..,,.. 

35 

37.0 

12.4 

5. 05 

1.22 

40 

48.0 

I6.I 

6.53 

1.60 

0.20 

45 

20.2 

8.15 

2.02 



50 

24.9 

10. 0 

2.44 

0.81 

0.35 

0.09 

75 

56.x 

22.4 

5-32 

1.80 

0.74 

0.23 

100 

390 

9  46 

3.20 

1.31 

0.33 

125 

« 

14.9 

4.89 

199 

0.49 

ISO 

21. 2 

7.00 

2.85 

0.69 

175 

38.Z 

9.46 

3.»5 

o.9« 

200 

37.5 

12.47 

5-02 

X.Z2 

350 

19.66 

7.76 

i.«9 

300 

28.06 

ZZ.2 

2.66 

350 

15.2 

v6s 

400 

195 

4.73 

450 

25.0 

6.01 

500 

30.8 

7.43 

600 

954 

700 

14.3a 

; 

Water-Pipe  is  usually  tested  to  300  lb  pressure  per  square  inch  before  dcfiveiy, 
and  a  hammer-test  should  be  made  while  the  pipe  is  under  pressure.  The  usual 
length  for  each  section  of  cast-iron  water-pipe  is  from  X2ft4mt0i2ft6in,(k> 
pending  upon  the  depth  of  the  socket,  each  length  making  approximately  12  ft 
of  pipe  when  laid.  Pipes  from  2  to  4  in  diameter  are  sometimes  made  in  8<M 
9-f  t  lengths. 
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BifB  PiMirafM 


and  Bquhftflftiit  Htads  of  Wat«r  for  Cast-Ina  Pipes  of 
Different  Slxee  end  Tldckneeses 

Calculated  by  F.  H.  Lewis  (rom  Fanning's  Formula 


Thick- 


in 


H 

»Ha 

H 

•Me 

H 


Size  of  pipet  in 


I 


112 
334 

396 


342 


358 

516 
774 


49 

124 

199 
a74 


•9 


1X2 
280 

458 
631 


8 


10 


18 

74 

130 

86 


1 


42 

171 
300 
439 


44 

89 

132 

177 
224 


» 


xoi 

205 

304 
408 
516 

•  •  ■  • 


12 


I 


24 
62 

99 
137 
174 
212 

249 


1 


55 

X43 
228 
3x6 
40X 
488 
574 


X4 


3 


42 

74 
106 
X38 
X70 

303 

334 

366 


1 

X 


97 
X70 

344 
3x6 
393 
465 
538 
6x2 


H 
»He 
H 
"Me 

»Me 
[ 

H 
H 

?» 


16 

18 

30 

2A 

\ 

56 

129 

41 

95 

■   a   • 

■  •  ■ 

■  •  •  ■ 

«  •  ■  • 

84 

X94 

(W 

X52 

51 

xx8 

30 

69 

ZX2 

258 

91 

2x0 

74 

170 

49 

X13 

140 

323 

1X6 

267 

96 

221 

68 

157 

rf» 

387 

14X 

335 

1X9 

274 

86 

X98 

196 

452 

z66 

382 

141 

325 

105 

242 

324 

516 

X91 

440 

164 

378 

X24 

286 

216 

497 

209 

48X 

z6i 

37X 

256 

589 

199 

458 

■  ■  « 

•  •  • 

•  •  • 

237 

•  •  •  • 

546 

•  ■  •  • 

•  •  • 

•  •  ■ 

•  •  • 

•  •  • 

•  •  «  ■ 
■  •  •  • 

•  •  •  ■ 

•  ■  •  • 

30 


■  •  •  • 

24 
39 

54 

69 

84 

XI4 

144 
X74 
204 
234 


55 

90 
X24 

XS9 
194 
263 
332 
40X 
470 
538 


32 
44 
57 
82 

X07 
132 

157 
X82 
207 


74 
lox 

131 
X89 
247 
304 
362 

419 
477 


Weights  ol  Lead  and  Gaskets  for  Pipe- Joints 
Dennis  Long  &  Company 


>|ameter 

Lead. 

Gasket, 

Diameter 

Lead. 

Gasket. 

yf  pipe. 

lb 

lb 

of  pipe. 

lb 

lb 

in 

in 

a 

2.5 

0.125 

12 

15 

0.250 

3 

3-5 

0.170 

14 

x8 

0.375 

4 

4-5 

0.170 

16 

22 

0.^00 

0 

6.5 

0.200 

X8 

36 

0.500 

S 

9.0 
13.0 

0.300 
0.350 

30 

33 

0.635 

xo 
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Weifbts,  p«r  Foot,  of  Catt-Iroa  Pipes  in  Geaonl  Use,  Incladiac  Socktl4iiiii 

•ad  Spifot-eiuU 
Dennis  Long  &  Company,  Inc.,  LouisTiUe,  Ky. 


Diam- 

Thick- 

1 

Weight  1 

Diam- 

Thick- 

Weight 

I 

1  Diam- 

Thick- 

Weight 

eter, 

ness, 

per  ft.    ; 

eter, 

ness, 

per  ft. 

eter, 

ness. 

per  ft. 

in 

in 

lb       i 

in 

in 

lb 

in 

in 

lb 

3 

H 

12H     \ 

16 

H 

139      1 

30 

2 

(ite 

M« 

IS 

H 

IS2 

36 

H 

334 

V4 

i8 

X 

17S 

X 

3to 

M« 

20H 

i8 

H 

120 

iH 

43a 

H 

23 

H 

X46 

i>4 

482 

4 

H 

17 

H 

X7I 

iH 

$» 

lu 

20 

I 

197 

iH 

587 

H 

23^^ 

iH 

223 

xH 

^ 

Me 

26^4 

iH 

249 

xH 

«3 

H 

30 

20 

Hie 

148 

xji 

734 

6 

Jifl+ 

^ 

H 

i6z 

2 

7«6 

H 

34 

li 

190 

4fl 

X 

445 

Mfl 

38^ 

I 

2X6 

xH 

47X 

H 

42Va    1 

iW 

247 

xH 

SGB 

H 

52        1 

iH 

276 

xH 

6« 

8 

Me 

40        1 

iH 

30s 

x^ 

675 

H 

43V3     1 

iH 

334 

iH 

734 

9^6 

4994 

24 

H 

I9X 

iH 

794 

H 

S6 

li 

22s 

xH 

8S3 

M 

68 

I 

2S8 

2 

91J 

10 

Me 

SO 

iM 

293 

48 

m 

sn 

H 

S4 

iH 

327 

xV4 

6S7 

Me 

6o 

iH 

361 

iH 

7« 

H 

68 

iH 

39S 

xH 

:« 

H 

82        1 

iH 

430 

xH 

83S 

12 

H 

7o 

1^4 

46s 

xH 

901 

•/ie 

76 

30 

»Me 

258 

x5« 

9^7 

H 

82 

H 

278 

2 

XC34 

H 

99 

I 

3x9 

60 

xW 

WT 

H 

XI7 

iH 

360 

xH 

880 

X4 

^e 

8S 

iM 

40s 

xVi 

964 

H 

94 

iH 

448 

iH 

X0I9 

^4 

113 

iM 

489 

x*4 

XX33 

li 

137 

iH 

532 

xH 

XlXft 

i6 

Me 

100          1 

iH 

575 

2 

I3» 

• 

io8        I 

1 

I'A 

619 

2K 

X470 

There  is  no  standard  weight  of  pipe  for  any  given  pressure. 
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Private  Water-Supplies.  The  architect  is  frequently  required  to  fuma 
a  water-supply  for  isolated  buildings,  and  ev^n  in  cities  it  is  becoming  qid 
common  for  manufacturing  establishments  and  large  buildings  to  have  tin 
own  water-supply;  so  that  some  knowledge  of  the  various  methods  of  ss 
plying  water  is  requisite.  Power-pumps  are  of  so  many  kinds  and  so  iat 
cate  in  construction  that  no  attempt  will  be  made  to  describe  them. 

The  Hydraulic  Ram.  Where  a  small  stream  of  water  having  a  fall  of  a 
or  more  flows  near  the  premises,  an  hydraulic  ram  may  be  used  to  great  ada 
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ltd  for  damallc  puipom,  or  evea  for  imgatioii.  The  raia 
:  momeiitiuii  of  the  watei  flowing  through  the  drive-pipe  and 
]  sn  open  lank.  Water  can  be  conveyed  by  a  ram  ij  oc»  It 
iftipcovided  there  is  BuSdentfall.  The  drive-pipe  supplying 
1  JO  or  40  It  long  to  give  the  necessary  momentum.  The  use 
most  economical  method  of  pumping  nater,  as  there  is  no 
euance  except  for  repair^  and  the  cost  of  installatloa,  also,  ia 

I  of  tba  Sifa  Suna  ate  given  in  the  followuig  table.  The 
rmiiwd  from  the  tabic  by  multiplying  the  available  supply  of 
ir  the  rated  amount  of  water  a  Kite  ram  will  use,  by  the  factor 
at  the  intetsectioa  of  the  line  giving  the  iail  available,  for  the 
'  column  showing  the  height  the  water  is  I0  be  elevated.    The 

II  and  ;o-ft  discharge  Is  191,  and  this  multiplied  by  the  supply 
of  water  per  nunute  will  give  the  delivery  per  day.  This  is 
shown  by  the  example  worked  out  in  the  comer  of  the  table. 
These  capacities  are  based  on  efficiencies  dependent  on  the 
ratio  of  fall  to  lift.  A  fall  of  10  ft  and  a  lift  of. jo  it  give  a 
ratio  o(  I  to  5.  and  an  efficiency  of  66»%.  The  efficiencies 
of  Rife  rams  based  on  various  ratios,  ate  also  given  in  the 
table. 

Daep  Weill  and  Plnniel-Pumpa.  The  eornmon  method 
of  obtaining  a  private  water-supply  is  to  drive  a  deep  wall 
untQ  a  sufficient  supply  of 
water  is  obtained.  The  depth 
to  which  a  well  must  be  driven 
will,  of  couise,  depend  uport 
the  locality,  and  can  only  be 
lelennioed  by  drillings.  As 
the  well  is  driven,  a  large 
irrought-iron  pipe  is  sunk  to 
orm  the  casing.  Casings  are 
«ldom  less  than  6  or  more 
ban  !□  in  inside  diameter,  8 
D  being  the  common  liie. 
Vhen  tlu  water-pocket  has 
■eeo  reached,  the  water  will 
usually  rise  and  stand  in  the 
jpe  several  hundred  f  f«t  above 
■s  bottom,  and  the  amount  of 
'ater  that  can  usually  be 
umped  from  such  wells,  with- 

cally  unlimited.  The  cost 
t  drilling  deep  wells,  per  foot 
IBE  CASttic,  difiers,  of  course,  with  the  strata,  location  and 
s.  As  B  rule,  however,  it  will  average  about  J5  per  foot  for  a 
rock  and  K  per  foot  for  a  well  through  sand.  For  raising 
ipen  tank  a  single-acting  pump  consisting  of  a  worling- 
1  operates  a  cylinder  placed  in  a  smaller  pipe  lowered  into 
'bicb  the  water  is  raised,  is  commonly  employed.  The 
erably  be  placed  below  the  water-line  in  the  wcUl  and  is 
th  the  working-head  by  wooden  suckei-iods.    The  working- 
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Table  of  Water  Requirvd  for  Sife  Rama 


Num- 
ber 

Dimensions 

Sixeof 
drive- 
pipe, 
in 

Size  of 

ddiv- 

er>'- 

pipe, 

in 

Gallons  per 

minute 

required 

cooperate 

engine. 

gal 

Least  no. 
of  feet  of 

faU 
recom- 
mended* 
ft 

Wdfix 
lb 

Height, 
ft     in 

Length, 
ft     in 

Width, 
ft     in 

10 

2 

I 

3    2 

X    8 

xM 

H 

3to        6 

3 

130 

IS 

a 

z 

3    4 

z    8 

iH 

H 

5  to      12I        3 

m 

•» 

a 

3 

3    8 

I    9 

2 

X 

xo  to      x8'        9 

«s 

^S 

2 

3 

3    9 

1    9 

2\i 

I 

XI  to      24*        2 

1^ 

30 

2 

7 

3  10 

I  10 

3 

iH 

IS  to      3$ 

a 

m 

40 

3 

3 

4    4 

2     0 

4 

2 

30  to      75 

a 

iOD 

8o 

7 

4 

8    4 

2     8 

8 

4 

ISO  to    350 

a 

2S0O 

•lao 

12 

s 

37S  to     7SO 

9 

3000 

tl20 

8 

9 

9    6 

3    8 

12  (two) 

6 

750  to  I  5cx>        a 

SSPO 

Siofl^e. 


t  Duplex. 


Table  of  Capadtiea  of  Rife  Rams 


Power- 
head 
orfaU 
in  ft 


2 
3 
4 
5 
6 

7 
8 

9 

•10 

12 

14 
16 
18 
20 
22 

24 
26 
28 
30 


Height  or  head  in  feet  the  water  is  to  be  ddivered 


540 


TO 


J92 

301 
432 
S40 


IS 


128 

192 
256 

34S 
432 
50S 


20 


96 

144 
192 
240 
302 
378 
432 
485 
540 


30 


64 

96 
128 

i6c 

192 

23s 

270 
300 
360 

430 
505 


Sxamplo 

With  a  supply  of 
X  400  gal  per  min. 
lo-ft  fall,  so-ft  ele- 
vation. No.  120  en- 
gine will  deliver 
268800  gal  per  day. 
l40oXz92«>2688oo 


40 

•so 

60 

43 

29 

24 

72 

58 

43 

96 

77 

6a 

X20 

96 

80 

144 

XI5 

96 

168 

134 

112 

192 

154 

128 

216 

173 

144 

252 

•192 

160 

301 

230 

192 

353 

270 

324 

432 

323 

257 

486 

390 

303 

540 

430 

336 

475 

370 

520 

40s 
470 

•  ■  •  • 

505 

•  •  •  • 

540 

70 


37 
55 
69 
82 

96 

XIO 

124 
137 

165 

192 
220 

247 
288 

303 
346 

375 
430 
465 


80 


27 
43 
60 

72 
84 
96 

X06 

X20 
144 

z68 
192 

226 

240 
264 

288 

328 

354 

40s 


90 


24 

38 

S3 
64 

75 
86 

96 
107 
128 
ISO 
171 
192 
214 
235 
256 
278 
300 
336 


100 


29 
43 
57 
67 

77 
86 

96 
IIS 
135 
154 
173 
193 
212 
230 
250 
269' 
288 


120 


24 

3f> 
43 
50 
64 
72 
80 

96 

1X2 
I2B 

144 
x6o 
176 
192 
20B 
224 
240 


X40 


26 
31 

55 
6a 

a 

8a 

96 

xio 

124 

137 
xsx 

164 
178 

192 
206 


160 


27 
31 
43 
54 

6ot 

72 

84 

96 
108 
120 
132 
144 
XS6 


xSoijn 


24'. .• 
28  i 
30    i 

43  : 

64!  : 
7^  * 

9s'  ^ 
96    ( 

XC7  1 
1X8'  11 
za8  t 
XJ9  ^ 
168,  149  C 
160  fi 


x8oj 


*  Multiply  factor  opposite  powek-heao  and  under  nninMC-aiAD  by  tbe 
gallons  per  minute  used  by  the  engine;  the  result  wall  be  tbe  number  of  gallooa  ooi 
ERED  per  day. 

The  effidenQ'  developed  is  governed  by  the  ratio  of  fall  to  pumptng-head. 

for  a  ratio  of  x  to  aH 


Tbe  effidency  of  rife  rams  is  based  on. . . . 


75% 
70% 


for  a  ratio  of  x  to  3 
65H%  for  a  ratio  up  to  x  to  xS 
60%     for  a  ratio  op  to  i  to  23 
50%     for  a  imtio  up  to  x  to  30 
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id  may  be  operated  by  band,  or  by  a  craiik-rod  attached  to  a  pumping- jack, 
bdmill  or  engine.  With  a  single-acting  pump  the  plunger  is  raised  and 
rered  once  with  every  revolution  of  the  driving-wheel,  the  principle  of  oper- 
OQ  being  the  same  as  in  an  ordinary  hand  suction-pump.  Fig.  2  shows  a 
iple  anangement  for  operating  a  working-head  by  belt-power.  This  is 
}wii  as  a  deep-well  power  working-head.  A  deep-well  pump  (fig.  2)  differs 
n  a  SDcnoN-PUMP  in  that  it  will  raise  water  from  any  depth,  whereas  a  suc- 
)-pump  in  practice  will  raise  water  only  about  20  ft.  A  suction-pump  may 
placed  at  any  point  in  relation  to  the  well,  and  will  draw  the  water  any 
enable  horizontal  distance.  The  deep-well  pump,  on  the  other  hand,  must 
let  directly  over  the  well,  but  it  will  then  deliver  the  water  at  any  desired 
It.  The  amount  of  water  pumped  in  a  minute  by  any  single-acting  pump 
etermined  by  the  diameter  of  the  suction-cylinder,  the  length  of  stroke,  and 
Dimiber  of  strokes  per  minute.  The  table  following  gives  the  capacity  per 
ie  for  cylbders  of  different  diameters,  and  for  strokes  of  different  lengths, 
ind  the  capacity  per  minute,  multiply  the  values  given  in  the  table  by  the 
lutibns  per  minute.  The  usual  speed  of  single-acting  wwking-heada  and 
ptng-jacks  is  from  25  to  30  revolutions  per  minute.  Cylinders  over  Qfiinia 
leter  shouki  have  a  siihstantial  iron  working-head. 


able  Showing  Capacity  of  Single-Acting  Pnmpe  of  Given  Diameter  and 

Length  of  Stroke 


m. 

t 

n- 
in 


Length  of  stroke  in  inches 


8 


xo 


X2 


14 


x6 


18 


20 


24 


Capacity  per  stroke  in  gallons 


0.0319 
0.038s 
0.0459 
0.062s 

0.0816 
0.1033 
0.127s 
O.IS43 

O.X836 
0.2IS4 
0.2499 
0.2868 


0.0425 

0.0513 
0.0612 

0.0833 

0.1088 

0.1377 
0.X700 
0.2057 

0.2448 
0.2872 
0.3332 
0.3824 


f 


0.3264  0.4352 

0.5684  0.4912 

0.4131  0.5508 

0.46021  0.6136 


0.0531 

0.0637 

0.0743 

0.0642 

0.0770 

0.0890 

0.0765 

0.0918 

0.1071 

0.XO41 

0.1249 

0.1457 

O.X360 

0.1632 

0.1904 

0.1721 

0.2063 

0.2410 

0.2125 

0.2550 

0.2975 

0.2571 

0.3085 

0.3598 

0.3060 

0.3672 

0.4284 

0.3554 

0.4312 

0,5030 

0.4165 

0.4998 

0.5831 

0.4780 

0.5736 

0.6692 

0.5440 

0.6528 

0.7616 

0.6141 

0.7368 

0.8596 

0.6885 

0.8262 

0.9639 

0.7671 

0.9204 

1.0730 

0.0848 
0.1027 
0.1224 
0.X666 

0.2176 
0.2754 
0.3400 
0.41x4 

0.4896 
0.5748 
0.6664 
0.7648 


0.0955 
0.1156 

0.1377 
0.1874 

0.2448 
0.3096 
0.3825 
0.4626 

0.5508 
0.6466 
0.7497 
0.860s 


0.8704  0.9792 
0.9824  I  X.1050 
X.1016  I  1.2393 
1.2270  X.3800 


0.1062 
0.1280 
0.1530 
0.2082 

0.2720 
0.3442 
0.4250 
0.5x42 

0.6120 
0.7182 
0.8330 
0.9561 

X.0880 
X.2280 
1.3770 
1.5340 


O.  X274 

0.XS4I 
0.1836  { 

0.2499  1 

0.3264 
0.4128 
0.5x00 
0.6x70 

0.7344 
0.8624 

0.9996 
1.1470 

1.3056 
1.4730 
x.6524 
X.8400 


Air  Engines.  These  are  very  extensively  used  for  pumping  water  for 
houses,  as  they  are  absolutely  safe,  require  little  attention,  and  have 
Ks,  springs  or  gauges  to  get  out  of  order.  They  are  also  adapted  to  al- 
\y  kind  of  fuel,  such  as  coal,  coke,  wood,  gas,  or  kerosene  oil.  They 
ip  from  either  a  shallow  or  a  deep  well,  but  are  best  adapted  to  wells 
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in  which  the  surface  o£  the  water  is  within  20  ft  of  the  top  of  the  wdL  Tk 
best  known  hot-air  engines  are  the  Rider-Ericsson,  which  have  been  in  suooa 
f ul  operation  for  many  years.  These  engines  have  capacities  ranging  from  i: 
to  3  500  gal  per  hour  and  will  deliver  water  from  50  to  350  It  above  t 
surface  of  water  in  the  well,  although  the  higher  the  water  b  raised  the  k 
will  be  the  quantity  delivered.  The  cost  of  these  engines*  with  pump  i 
tached,  varies  from  $110  for  the  smallest  size,  having  a  capacity  of  150  gal  | 
hour  raised  50  ft,  to  $540  for  the  laxgest  siae,  having  a  capacity  of  5  500  gal  b 
hour  raised  50  ft.  The  smaller  size  requires  about  i  quart  of  kerosene  or  3 
of  anthracite  coal  per  hour.  Hot-air  engines  should  be  placed  dose  to  t 
source  of  supply,  and  when  the  latter  is  a  deep  well  the  engine  must 
placed  so  that  the  pump-rod  will  be  in  a  vertical  line  above  the  cylinder 
the  well,  the  operation  of  pumping  being  the  same  as  that  of  the  ordiai 
single-acting  deep-well  pump.  It  is  not  practicable  to  dbaw  water  more  tii 
from  20  to  25  ft,  in  height,  with  any  form  of  suction-pump^  because  of  1 
difficulty  of  keeping  the  pipe,  valve  and  fittings  absolutely  air-tight.  1 
farther  information,  see  the  catalogue  of  the  Rider-Ericsson  Ea^ae  Compti 


Action  of  Wind  aad  Capacities  of  Pomping  Windmills 

Velocity 
per  hour 
in  miles 

PresBure* 

per  square 
foot  in 
pounds 

Description  of  wind 

Action  of  wind  and  windooD 

3 

5 

8 

10 

15 
20 

25 
30 
40 

so 
60 

80 
100 

0.04S 

O.I2S 

0.33 
0.5 
1. 125 

2 

3  125 

45 

8 

12.5 
z8 

32 

50 

Just  perceptible 

Pleasant  wind 

Windmills  will  not  ran 
Might  start  if  lightlr  loaded 

Fresh  breeze 

Will  $tArt  pnmning 

Averase  wind 

Pumps  nicely  if  properly  kad 

Good  working  wind . . . 
Strong  wind 

Docs  excellent  work 
Gives  best  service 

Very  strong  wind 

Gale 

Should  be  furied  oat  of  wmi 

Storm 

)  Well-constracted    mills   n 

i  Buildings,  trees,  etc.«  might 
\     injured 

1  Buildings,  trees,  etc,  woab 
I     be  injured 
Ruin 

Severe  storm 

Violent  storm 

Hurricane 

Tornado  

Froia  the  above  table  it  will  be  seen  that  the  only  available  winds  are  those  him 
with  a  velocity  of  from  8  to  35  miles  per  hour,  and  that  a  is-mile  wind  can  be  od 
to  the  best  advantage.  It  is  therefore  advisable  to  load  a  windmiQ  for  a  i5>inile  « 
It  then  starts  pumping  in  an  8-miIc  wind,  does  excellent  woric  in  a  15-anle 
reaches  the  maximum  results  in  a  25-mile  wind. 

*  The  pressures  per  square  foot  in  pounds  will  vary  sli^tly  fzxMn  the 
according  to  the  formula  which  b  used  to  obtain  such  pressures.    See, 
XXVII,  pages  X052-3,  Chapter  XXX.  page  K199,  and  pa^ce  X7X7- 


I 

Cki 


Windmillc.  In  the  country  and  on  Urge  suburban  estates,  windmHb 
extensively  used  for  pumping  water.  Aside  from  the  noise  of  operatiaa« 
only  objection  to  the  windmill,  where  it  can  be  used,  is  the  irrejgularity  « 
supply,  but  with  a  laige  storage-tank  this  is  not  a  serious  objectioa 
for  domestic  purposes  only.  Professor  Thurston  says,  ifigaidins 
"In  estimating  the  capacity,  a  working-day  of  eight  hours  b  a^Tiiard,  bat 
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kachioe,  when  used  for  pumping,  may  actually  do  its  work  twenty-lour  hourt  a 
ky  for  days,  weeks,  and  even  months  together,  whenever  the  wind  is  stiff  enough 
>  turn  it.  It  costs  for  work  done  only  one-half  or  one-third  as  much  as  steam, 
9t-air,  or  gas-engines  of  similar  power."  The  action  of  wind  of  different 
docities,  the  pressure  per  square  foot  of  sail-surface  and  its  relation  to  the 
umping  capacity  of  pumps  can  be  found  in  the  following  table,  compiled  by 
lirbanks,  Morse  &  Company. 

The  windmill  operates  the  plunger  in  the  well,  the  process  of  pumping  being 
e  same  as  that  of  the  single-acting  pumps  described  above.  The  following 
ble  of  capacity  was  prepared  by  .Alfred  R.  Wolff,  and  is  sufficiently  accurate 
r  all  practical  purposes: 


Ca^Mity  of  the  WindmiU 


Desig- 
lation 
rfmill 
vheel. 
ft 


Shi 
lo 

13 

14 

x6 
i8 

20 

25 


Veloc- 
ity of 
wind  in 
miles 
hour 


x6 
x6 
16 
16 
16 
16 
16 
16 


Revolu- 
tions of 

wheel  per 
minute 


Gallons  of  water  raised  per  minute 
to  an  elevation  of 


40  to  50 
3St0  40 
30  to  35 
28  to  35 
25  to  30 
2a  to  25 
30  to  22 
16  to  18 


25 
ft 


6.192 

19  179 
33  941 

4S.I39 
64.600 

97-682 
124.950 
212.381 


SO 
ft 


3.016 
9  563 
17.952 
22.569 
31.65^ 
52.16s 
63.750 
106.964 


71 
ft 


100 

ft 


150 
ft 


200 

ft 


6.6381  4. 750 
II. 851'  8.435  5.680 
iS.304'li.246'  7.8071  4.99B 
19.542;  16. 150  9  771 1  8.075 
32.5I3'24.42I  17.485  12. 211 
40.800131  248  i9.284|i5-938 
71.604I49  725*37  34926. 741' 


Equivar 

lent 

actual 

useful 

h.p. 

developed 


0.04 

O.X2 
0.2X 

0.28 
0.41 
0.61 
0.78 
1.34 


'he  horee-power  of  windmills  of  the  best  construction  is  proportional  to  the 
ares  of  their  diameters  and  inversely  as  their  velocities;  for  example,  a  lo-ft 
I  in  a  i6-milc  breeze  will  develop  0.15  horse-power  at  65  revolutions  per  min- 
;  and  with  the  same  breeze: 

a  30-ft  mill,  at  40  revolutions  per  minute,  i  horse-power; 
a  25-ft  mill,  at  35  revolutions  per  minute,  i  H  horse-power; 
a  30-it  mill,  at  28  revolutions  per  minute,  ^]r2  horse-power. 

he  -wheels  of  very  few  windmills  are  larger  than  35  ft  in  diameter.  There 
no  pumps  which  will  enable  the  user  of  a  windmill  to  utilize  the  increased 
er  obtained  from  winds  of  high  velocity,  so  that  in  practice  the  amount  of 
>r  puinp>ed  by  windmills  in  high  winds  is  but  little  more  than  is  pumped  by 
same  mills  in  winds  having  velocities  of  from  12  to  18  miles  per  hour.  For 
reason  it  is  customary  to  regulate  windmills  to  govern  at  about  25  miles  an 
Theoretically  the  increase  in  power  from  increased  velocity  of  wind  is  equal 
le  square  of  its  proportional  velocity;  as,  for  example,  the  25-ft  mill  rated 
'e  for  a  1 6-mile  wind  will,  with  a  32-mile  wind,  have  its  horse-power  increased 
X  if<  «=  7  horse-power.  A  windmill  "will  run  and  produce  work  in  an  8- 
brecze."  Windmills  have  also  been  used  for  the  generating  and  storage 
ectricity  for  small  lighting-plants.* 

r-X«if t  Process.    Compressed  air  is  now  being  used  to  an  increadng  extent 
water  from  artesian  wells.    The  process  in  general  consists  of  sub- 
discharge-pipe  in  a  closed  well,  with  a  smaller  pipe  inside  delivering 

*  See  Kent's  Mecbanfcd  Engfaieen'  Pocket-Book. 
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compressed  air  into  it  at  the  bottom.  The  compressed  air  by  its  inherent  < 
pansive  force  lifts  a  column  of  mingled  air  and  water  which  is  conv^-ed  to : 
open  tank,  to  permit  of  the  escape  of  the  air.  If  desired  the  water  may  thes 
conveyed  by  gravity  into  a  series  of  closed  tanks,  and  forced  by  air-pressmt 
different  parts  of  a  building,  the  only  machinery  required  being  an  air-coi 
pressor  and  power  for  driving  it  The  slip  of  the  bubble  constitutes  the  cIl 
«oss  of  energy  in  the  air-lift.  The  method  of  piping  a  well  differs  accordiA; 
its  general  conditions  and  the  quantity  of  water  to  be  pumped.  "  No  two  m 
arc  alike,  and  consequently  the  method  of  piping  which  might  be  appM 
one  would  be  unsuited  to  another."  Information  as  to  the  best  method 
piping  any  particular  vrell  may  be  obtained  from  the  IngersoU-Seigeant  Di 
Company. 

Advantages  of  the  Air-Llft  Process.  From  two  to  six  times  as  much  wal 
may  be  obtained  from  a  given  diameter  of  well  as  with  any  other  known  syste 
because  there  are  no  valves,  cylinders,  or  rods  to  hinder  the  rapid  dischaige 
Water.  One  air-compressor  operates  any  number  of  wells,  which  may  be  ^ 
distance  apart  so  as  not  to  affect  one  another.  There  is  nothing  outside  t 
engine-room  to  look  after  or  w^r  out.  Nothing  but  common  pipe  in  the  vd 
Sand  or  gravel  does  no  harm.  The  cost  of  raising  i  ooo  gal  of  water  bj  tl 
method,  including  fuel,  labor,  oil,  interest  on  cost  of  well,  boiler,  comixesa 
foundations,  pipes,  real  estate,  erection  and  taxes,  including  15%  for  depi 
ciation,  runs  from  2>2  cts  down  to  H  ct,  according  to  the  size  of  the  plai 
height  of  lift,  and  other  local  conditions.  With  the  average  outfit  of  medio 
or  small  size,  it  is  usually  under  i^  cts.*  The  air-lift  process  is  now  extc 
sively  used  in  ice-works,  breweries,  dbld-storage  houses,  textile  mills,  d>'c-wod 
etc.,  and  a  great  variety  of  industrial  plants,  and  for  the  water-supply 
quite  a  number  of  the  smaller  cities.  In  Newark,  N.  J.,  pumps  of  this  t}' 
are  at  work  having  a  total  capacity  of  i  000  000  gal  daily,  lifting  water  fra 
three  8-in  artesian  wells,  f 

Pneumatic  Water-Supply  Systems.  The  pneumatic  system  of  supplji 
water  to  buildings  is  used  extensively  in  buildings  and  institutions  remote  fra 
public  water-supplies.  With  the  pneumatic  system,  instead  of  an  open  d 
vated  tank,  a  closed  water-tight  tank  of  iron  or  steel  is  used,  and  this  tank  m 
be  located  at  any  level,  for  the  water  is  forced  from  it  by  means  of  compress 
air  confined  in  the  top  of  the  tank.  This  fact  makes  it  possible  to  buiy  the  tai 
in  the  ground  below  the  frost-line,  away  from  the  heat  of  the  sun,  and  where  t 
water  will  have  an  almost  uniform  temperature  the  year  round.  The  water 
protected  from  possible  contamination  from  insects,  rats,  birds,  dust,  or  otii 
agencies,  while  the  tank  takes  up  no  valuable  space  above  ground,  imposes  1 
weight  upon  the  attic-floor  of  a  building,  and  does  not  disfigure  the  landsoi 
The  prindple  of  operation  is  this:  Air  is  compressible,  while  water  is  not. 
then,  water  is  pumped  into  a  closed  tank  at  the  bottom,  it  will  trap  the  i 
within,  and  the  more  water  pumped  in,  the  greater  the  compression,  of  the  a 
The  elasticity  of  the  air,  then,  will  force  the  water  out  again,  whenever  a  faaod 
opened,  and  the  water  will  continue  to  flow  as  long  as  the  air  is  under  sufl&dent  pn 
sure  in  the  tank.  In  practice  the  air  would  become  absorbed  by  the  water  in  t 
tank,  and  in  a  short  time  become  exhausted,  if  it  were  not  supplied  as  fast  as  vM 
This  is  accomplished  by  injecting  a  proportionate  amount  of  air  with  each  stn 
of  the  pump,  by  means  of  a  snitter-valve  air-compressor,  or  other  dcWce-  J 
connections  to  the  tank  are  taken  from  the  bottom,  to  prevent  the  escape  flfi 
which  would  occur  if  the  connections  were  taken  from  the  top  of  the  tank. 

*.  Ingersoll-Rand  Drill  Company,  St  Louis.  Mo.  t  KeoL 
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Horie-Pow«r  Required  to  Raiie  Water  to  Different  Heights 

General  Principles.  The  power  required  to  raise  a  certain  quantity  of  water  to 
certain  height  varies  directly  with  the  quantity  to  be  raised,  and  also  with  the 
eight  For  instance,  it  requires  twice  as  much  power  td  raise  200  gal  per  minute 
)  ft  high  as  it  does  to  raise  100  gal  to  the  same  height  and  in  the  same  time;  and  to 
ise  100  gal  20  ft  high  requires  twice  as  much  power  as  it  does  to  raise  100  gal  10 
high.  To  find  the  theoretical  horse-power  necessary  to  elevate  water  to  a  given 
a'ght,  multiply  the  number  of  gallons  per  minute  by  8.335,  the  weight  of  i  gal, 
id  this  result  by  the  total  number  of  feet  the  water  is  raised,  that  is,  from  the 
irface  of  the  water  to  the  highest  point  to  which  the  water  is  raised,  and  the 
suit  gives  the  power  in  foot-pounds;  divide  by  33  000,  and  the  quotient  is 
e  horse-power.  To  the  theoretical  power  a  liberal  allowance  must  be  made 
r  the  inefficiency  of  the  pump.  For  a  cylinder-pump  add  from  75  to  100%. 
t  the  actual  height  to  which  the  water  is  to  be  raised  add  the  friction-loss  in 
!t,  given  in  Table  F,  page  1388,  when  the  discharge  is  to  be  piped  any  distance. 

Example.    Find  the  theoretical  horse-power  required  to  raise  100  gal  per 
Qute  120  ft  high,  through  a  3-in  pipe,  200  ft  long. 

Solution.  From  Table  F,  the  friction-head  for  100  gal  per  min  in  a  3-in  pipe, 
>  it  long,  is  1.31  X  2.3  or  3  ft.  For  200  ft  it  will  be  6  ft,  which,  added  to  120, 
es  126  ft  for  the  height.  Then  theoretical  horse-power  -  100  x  8.35  x  126/ 
000  -*  3.2  h.p.  The  actual  horse-power  required  will  probably  vary  from 
o  6,  according  to  the  efficiency  of  the  pump.  The  mistake  of  using  too 
ill  a  discharge-pipe  can  easily  be  seen  from  Table  F.  For  instance,  if 
t  attempted  to  force  100  gal  per  minute  through  100  ft  of  2-in  pipe, 
back-pressure  would  be  equivalent  to  raising  the  water  22  ft  high.  The 
t  used  would  be  correspondingly  increased.  Right-angle  turns  are  to  be 
ided,  as  the  friction  is  very  materially  increased,  being  practically  equal  to 
irictlon  of  35  ft  of  straight  pipe. 


Table  of  Effective  Fire-Streaass 

Jams  100  ft  of  sH-in  ordinary  best-quality  rubber-lined  hose  between  nozzle  and 

hydrant  or  pump 


Smooth  nozzle 


Smooth  nozzle 


Hin 


^in 


esstire  at  hydrant,  lb. . . 

esstzre  at  nozzle,  lb 

rtical  heifht,  ft 

irizontal  distance,  ft. . . 
J  discharged  per  rain. . . 


32 

54 

65 

75 

86 

34 

57   69 

80 

91 

30 

SO 

60 

70 

80  30 

50  60 

70  1  80 

48 

67 

72 

76 

79 

49 

71  1  77 

81 

85 

37 

50 

54 

68 

62  42   55  •  61 

66 

70 

90, 

116 

127 

137 

147 

123 

159  ,174 

! 

188 

201 

im 


ssure  at  hydrant,  lb 
sst&re  at  nozzle,  lb. . . 

tical  height,  ft 

risontal  distance,  ft. 
discharged  per  min 


37  62 
30  SO 
SI  I  73 
47  I  61 
161  '208 


75 
60 

79 
67 


87 
70 

85 
72 


22S    246 


100 
80 

89 
76 


iHin 


42  '  70  '  84 


30     so 
52  i  75 


60 
83 


50  I  66  I  72 


263  '206    266    291 


88 

77 


98  '112 
70     80 


92 
81 


314    336 


The  following  is  an  extract  from  a  paper  read  by  John 
xeeman  at  a  meeting  of   the   New  England  Waterworks  Association, 
Some  Experiments  and  Practical  Tables  Relating  to  Fire-Streama^ 
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''When  unlined  linen  hose  is  used  the  friction  or  preasure-kMB  is  from  Sti 
60%,  increasing  with  the  pressure.  This  kind  of  hose  is  best  for  inside  use  h 
short  lengths.  Mill-hose  is  better  than  unlined  linen  hose  for  long  lengtiis 
but  ordinarily  the  best  quality  of  smooth  rubber-lined  hose  is  superior  to  tb 
mill-hose,  having  less  frictional  resistance.  The  ring-nozzle  is  inferior  to  th 
smooth  nozzle  and  actually  delivers  less  water  than  the  smooth  nozzle.  Fo 
instance,  the  ^-in  ring-nozzle  discharges  the  same  quantity  of  water  as  ; 
94-in  smooth  nozzle,  and  a  i-in  ring-nozzle  the  same  as  a  H-in  smooth  nosh 
Two  hundred  and  fifty  gallons  per  minute  is  a  good  standard  fire-stream  1 
8o-lb  pressure  at  the  hydrant;  loo-lb  pressure  should  not  be  exceeded  esxp 
for  very  high  buildings  or  lengths  of  hose  exceeding  300  ft. " 

Notes  on  the  Construction  of  Cylindrical  Wooden  Tanks* 

Material  should  be  either  cedar,  cypress,  juniper,  fir,  yellow  pbe,  or  wbit 
pine,  free  from  imperfections  and  thoroughly  alr-dr>'.  Clear  Louisiana  m 
Gulf  cypress  makes  the  most  durable  tanks. 

Staves  and  Bottom  of  tanks  of  greater  capacities  than  15  000  gal  should  h 
made  of  2V4-in,  dressed  to  about  2H  in,  stock  for  tanks  12  ft  and  not  exceedin 
16  ft  diameter  or  16  ft  deep.  For  larger  tanks  3-in,  dressed  to  about  294  ii 
stock  should  be  used.  For  smaller  tanks  2-in  stock  may  be  used.  Stavi 
should  be  connected  about  one-third  the  dbtance  from  the  top  by  a  fM 
dowel  to  hold  them  in  position  during  erection.  The  bottom  planks  shook!  b 
dressed  on  four  sides,  and  the  edges  of  each  plank  should  be  bored  with  boh 
not  over  3  ft  apart  for  H-in  dowels. 

Taper.  The  batter  to  each  side  should  not  be  less  than  H  in  nor  more  tb 
H  in  per  ft. 

Hoops  should  be  of  round  wrought  iron  or  mild  steel  of  good  quality.  Wrangl 
iron  is  preferable  because  it  does  not  rust  as  easily  as  steel.  There  should  bes 
welds  in  any  of  the  hoops.  Where  more  than  one  length  of  iron  is  neoessar 
lugs  should  be  used  to  make  the  joints;  and  when  more  than  one  piece  is  Deoessai 
the  several  pieces  constituting  one  hoop  dioukl  be  tied  togetha-  in  pfeparingfi 
shipment.  Hoops  for  fire-tanks  should  be  of  such  size  and  spacing  that  tbestre 
in  no  hoop  will  exceed  1 2  500  lb  per  sq  in  when  computed  from  the  area  at  nM 
of  thread.  For  general  purposes,  a  stress  of  15  000  lb  per  sq  in  is  pCfmisriH 
On  acccount  of  the  swelling  of  the  bottom  planks,  the  hoops  near  the  boCM 
may  be  subjected  to  a  stress  greater  than  that  due  to  the  water-piesoie  akn 
additional  hoops,  therefore,  should  be  provided.  For  tanks  up  to  ao  ft  in  <fiia 
eter,  one  hoop  of  the  size  used  next  above  it  should  be  placed  around  theboCta 
opposite  the  croze  and  not  counted  upon  as  withstanding  any  water-pressmi 
For  tanks  20  ft  or  more  in  diameter,  two  hoops,  as  above,  should  be  VB 
Hoops  with  UPSET  ends  must  not  be  used.  The  top  hoop  should  be  pb£< 
within  2  in  of  the  top  of  staves,  so  that  the  overflow-pipe  may  be  inserted  as  lui 
as  possible.  Hoops  should  be  so  placed  that  the  lugs  will  not  be  in  a  vatic 
line.  No  hoop  should  be  less  than  H  in  in  diameter.  All  should  be  deiiM 
of  mill-scale  and  rust  and  painted  one  coat  of  red  lead,  lampblack  and  boiled  ( 
before  erecting. 

Note.  The  strength  of  a  tank  depends  chiefly  on  its  hoops.  Round  hat^ 
are  specified  because  they  do  not  rust  rapidly;   a  slight  amount  of  nist  dtf 

*  These  notes  have  been  condensed  from  specifications  published  by  the  IsafecA 
Department  of  the  Factory  Mutual  Fire  Insurance  Company,  31  Mfik  Street,  Bottmi 
exceUeat  iMunphlet. 
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Jiot  have  the  same  wmkening  effect  as  on  a  flat  hoop^  and  round  hoops  are  not 
Ekc^  to  burst  when  the  tank  swells,  as  they  will  sink  into  the  wood. 

Spadng  of  Hoops.  The  hoops  should  be  spaced  so  that  each  one  will 
have  the  same  stress  per  square  inch,  and  no  space  should  be  greater  than  2 1  in. 
To  meet  thb  requirement  the  hoops  must  be  spaced  quite  close  together  at 
the  bottom,  the  space  between  them  gradually  increasing  towards  the  top. 


•i 


•  r*^ 


FSg.  4.    Log  for  Tank-ho(HpB 


^ 


I 


.Bottom  of  tin'; 


*»  ■.:■ 


HM  over  IS  incbes 
I  in  the  ckor. 


-r 


33 


CJ  I     ,.'Li:-X^  .^     JL  TT^ 


Fig.  5.    Support  for  Bottom  of  Tank 

Fig.  3  shows  the  proper  spacing  of  hoops  for  a  tank  18  ft  in 
diameter,  with  i8-ft  staves.  The  spacing  for  seven  other 
sizes  of  tanks  is  given  in  the  pamphlet  referred  to.  It 
may  be  computed  by  the  following  formula: 

c      .        ,u         '    '    u         strength 

Spacing  of  hoops  m  inches  «  — - — 7; ; — ; -- 

2.6  X  diameter  in  feet  x  a 

For  strength  of  a  H-in  rod  use  3  750;  of  a  H-in  rod,  5  250; 
of  a  i*in  rod,  6  875;  and  of  a  iH-in  rod,  8  625. 

H  is  the  distance  from  surface  of  the  water  to  center  of 
hoop  in  feet. 

Bxample.    How  far  apart  should  i-in  hoops  be  placed,  at 
15  ft  2  in  from  top  of  tank,  on  a  tank  20  ft  diameter? 

c      .  6  87s 

Spacing 


Solution. 


"SHin 


^  3.  Diagram 
f  Hoop-ftpacing 
3r  Tanks 


2.6  X  20  X  15 

Logs  should  be  as  strong  as  the  hoops.  A  lug  similar  to 
Fig.  4  is  simple  and  fulfils  the  requirement  for  strength. 
Malleable  lugs  are  required. 

Support.  The  weight  of  the  tank  should  be  supported  entirely  from  its 
t<ym;  and  in  no  event  should  any  weight  come  on  the  bottom  of  the  staves. 
t  planks  upon  which  the  tank-bottom  rests  should  cover  at  least  one-fifth 
area  of  the  bottom,  should  be  not  over  18  in  apart,  and  of  such  thickness 
t  the  bottom  of  the  staves  will  be  at  least  1  in  from  the  floor  (see  Fig.  6). 

%e  Discharge-Pipe  should  preferably  leave  the  bottom  of  the  tank  at  its 
icr  and  extend  up  inside  of  the  tank  4  in,  to  allow  the  sediment  to  collect 
Ixe  bottom  of  the  tank. 
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The  Orarllow^Plpa  should  be  placed  aa  near  the  top  of  the  lank  as  panbl^ 
discharging  dthcr  through  side  or  bottom,  as  may  be  deaind.  An  ovofln 
b  much  to  be  picfeiied  to  a  telltale,  as  the  lattet  is  liable  to  get  out  iJ 

Haatilll.    Tanks  o[  nH>derate  siie  need  to  be  provided  with  aotne  menu  U 

prevent  freeiiDS'    When  a  tank  it  in  an  enclosed  room,  aa  in  a  mill-towa,  tht 

best  method  is  to  keep  the  roomwann  by  a  coil  of  sleam-pipe  with  a  retuni  to 

the  boiler-room.     A  covered  tank  out  of  doors  may  often  be  similarly  bated  by 

placing  the  steam-pipe  in  the  bottom  of  the  tank.     With  a  tank  kKiud  n 

a  high  trestle,  or  at  a  distajice  from  tbe  steam-supply,  it  is  often  inipncli- 

cable  to  airan^  a  relum-pipe.     In  this  case  steam  may  be  blown  directly  ioU 

the  water  in  the  tank.    A  i-in  pipe  is  generally  sufficient  (or  this  purpow-   It 

should  be  carried  to  tbe  top  •>!  the  tank  and  there  bend  over  and  dip  iamvr 

wards,  so  that  ixa  outlet  b  about  i  ft  below  the  high-water  line.    A  ched- 

valve  should  be  placed  in  thii 

I  In.  bniKoMI  nUUiw  nriia  steam-pipe,  near  its  pwnl  d 

discharge,    to    prevent   nta 

being  drawn  back  by  spbcn- 

action  when  the  steam  it  skut 

ofi.    The  water  in  fire.Uiib 

must  be  kept  from  ficainf  hr 

means  of  a  water-heater  wlndi 

either  heats  a  coil  in  the  task. 

through  the  tank. 
TroMproofiiit  tor  PifM- 

The  discharge-pipe  from  • 
tank  on  a  trestle,  or  fmnoie 
elevated  above  a  roof,  mud 
be    protected    from    IrceBDf- 

imeki  .   ,..,    , ai       The   common    practice  is  1" 

■round  flaciL  twK  ocopi  Duukte,  tfioort^  tit^J^Ung.      enclose  the  pipe  in  a  dijul^ 
Fit.  9.    Method  of  Fnjttproofing  Pipes  '"?'«•  °'  quadtupie  boi  nolle 

of  boards  and  larrrd  paper.  i& 
shown  in  Fig.  6.  If  steam  is  supplied  lo  the  tank,  the  steam-pipe  is  cund 
inside  the  box.  In  New  England,  New  York  State  and  Canada  the  quultupic 
lioiing  is  generally  used,  whereas  in  the  milder  regions  to  the  south  triple  or 
double  boxing  is  used.  The  boxing  should  always  be  carried  dowa  inio  the 
ground  below  the  frost-Une,  and  a  good  tight  joint  made  at  the  undenidt  <i 

Covara.  For  economy  in  healing  and  to  prevent  birds,  leaves,  elc.  Inn 
getting  into  the  water,  all  out-of-dooi  tanks  should  be  covered.  A  double 
cover  is  recommended  consisting  of  a  tight  flat  covet  made  of  matched  botnh 
supported  by  joists  which  span  the  top  of  the  tank,  and  above  this  a  shingiat 
conical  roof.  To  prevent  the  covering  from  being  blown  off,  it  sbouU  be  imi} 
fastened  to  the  top  of  the  tank  by  straps  of  iron.  In  order  to  keep  out  tie 
wind  particular  attention  should  be  given  to  making  a  light  joint  where  tie 

Scuttles  should  be  arranged  in  both  the  conical  and  flat  covers  to  give  icro 
to  the  inslie  of  the  tank  and  a  substantial,  perntanent  ladder  ettcted  V>  e" 
easy  access  to  the  top  of  the  tank. 
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DhnwiriaiM  of  Tanks  ol  Standcfd  Sisat 

Appcox- 

Size. 

Outside 

dimensions 

Thickness  of 

lumber  after 

being  machined 

B- 

-c 

Hoops 

imate 

^Z2'  ' 

net 
capac- 

Aver- 
age 

diam- 
eter, 

ft     in 

Length 

of 
stave, 

ft 

Staves, 
in 

Bot- 

torn, 

in 

Num- 
ber of 

Size, 
in 

ity, 
gal 

A, 

in 

B. 

in 

c, 

in 

lOOOO 

13      4 

u 

2H 

2H 

3H 

H 

2H 

XI 

H 

15  OCX) 

14      6 

14 

2H 

2U 

3H 

H 

2H 

14 

H    ■ 

aoooo 

IS     6 

x6 

2H 

2H 

3H 

H 

2H 

(     5 

XX 

25000 

17     6 

16 

2H 

2H 

3H 

H 

2^i 

i     4 

X2 

30000 

* 

x8     0 

18 

i^i 

^i 

3W 

H 

2H 

4 
16 

H 
% 

50000 

22     0 

20 

2M 

a« 

sH 

H 

2H 

4 
19 

75  000 

24     6 

84 

2H 

m 

iH 

H 

2H 

4 

{     ^ 
21 

X 

100  000 

28     6 

24 

2M 

a^i 

iH 

H 

2H 

5 
{    29 

I 

Pompt  for  Fire-StreaxnB.  The  dimensions  of  steam-pumps  for  fire-pro- 
lection  in  buildings,  approved  by  the  Board  of  UuderwriterSy  can  be  found  in 
the  following  table. 


Undanrriter  Steam  Fire-Pumps 

Size  in  inches 

•?•? 

Sire  in  inches 

I 

Over-all  dimen- 

Rated capacity, 
gal  per  min 

Boiler  h.p.  requii 
A.S.M.B.  standa 

sions  of  largest 

pump  of  given 

capacity 

M      Proper  capacity 
c<     for  priming-tank 

Diameter  of 
steam- piston 

''I 

u 

in 
7 

4*0 

• 

la 

12  [ 

lo) 

1 
1 

CO 

in 

1. 

Q 
in 

in 

B           Steam 
exhaust-pipe 

5 

in 

1 

in 

1 

I 

in 

t 

1 

ft  in 

1 

ft  in 

in 

h.p. 

ft    in 

(14 

500^X4 

7W 

80 

8 

6 

3 

4 

3 

2 

X 

9    H 

S    2 

7    5 

2S0 

(16 

8 

750 

16 

(z6 

9 
9M 

12 
12 

xiS 

zo 

7 

3V« 

4 

3^6 

2>4 

iH 

9    5 

S    a 

8    0 

375 

1000 

18 

18H 

zo 
zoVi 

X2 
ZO 

ISO 

12 

8 

4 

i 

4 

aH 

iH 

zo   8 

S7H 

8  zo 

500 

Ifoo    ao 

12 

x6 

200 

Z4 

xo 

5 

6 

5 

2H 

IW  X2     5 

S    7 

8  zz 

750 

The  capacstici  ghren  in  faut  oolunin  are  desirable:  but  in  case  the  suction-iMpe  b  short 
M  the  Uft  km,  a  tank  of  not  less  than  one>haU  the  capacity  stated  laay  sometimes  be 
Med. 
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Notes  on  Steel  Tanks* 

Steel  Tanks  of  sizes  commonly  used  for  fire-protection  cost  from  40  to  100^ 
more  than  wooden  tanks.  The  additional  cost  for  large  tanks  is  relatively 
less  than  for  small  tanks.  A  steel  tank  of  about  40  ooo-gal  capacity  or  over 
can  be  erected  on  a  steel  trestle  at  about  the  same  cost  as  a  wooden  tank,  since 
a  saving  can  be  made  in  the  cost  of  supports  by  making  a  hemi^dierial  or 
conical  bottom  to  the  steel  tank  and  supporting  the  tank  directly  on  the  Icfi 
of  the  trestle,  thus  saving  the  expense  of  horizontal  supporting  beams.  A  sted 
tank  is  superior  to  a  wooden  tank  for  the  following  reasons:  (i)  It  will  list 
for  an  indefinite  time  if  kept  thoroughly  painted  inside  and  out,  wherets  a 
wooden  tank  will  have  to  be  replaced  in  from  twelve  to  thirty  years,  usually 
in  about  fifteen  years;  (2)  it  will  be  absolutely  tight  when  once  weD  eiccted 
and  properly  cared  for,  whereas  a  wooden  tank  will  shrink  and  leak  if  the  w&tcf 
gets  low;  (3)  it  will  not  be  at  all  likely  to  burst  suddenly,  if  originally  correctly 
designed,  even  if  painting  is  neglected,  for  experience  shows  that  a  few  spoti 
will  first  rust  through  and  thus  show  the  weak  condition  by  small  leaks,  whoos 
a  wooden  tank,  if  neglected,  may  burst  its  hoops  suddenly  and  cause  serious 
damage.  The  objections  to  steel  tanks  are  that:  (i)  They  require  skilled  boiler- 
makers  to  erect  them,  thus  adding  considerable  to  the  cost  when  erected  at  a 
distance  from  a  boiler-shop;  (2)  they  are  more  difi^cult  to  protect  against  fxte^ 
ing;  (3)  they  give  more  trouble  by  sweating  when  placed  in  a  miU<tower;  (4) 
they  deteriorate  rapidly  if  painting  is  neglected. 

Stresses  in  Cylindrical  Tanks. f  Tlie  intensities  of  stresses  in  lb  per 
sq  in  found  in  cylindrical  tanks  are  as  follows:  A  tensile  stress  due  to  hydro* 
static  pressure  at  any  vertical  joint  or  section  of  the  shell  of  a  tank  fiUed  iritfa 
water, 

S  -  62.5  HD/{2  X  12  /)  -  2.6  UD/t 

A  compressive  stress  at  any  horizontal  joint  or  section,  due  to  the  weight  d 
the  stack, 

S  -  W/(jrD  X  12  /)  -  0.026  W/Dt 

A  stress  at  any  horizontal  Joint  cr  section,  tensile  on  the  windward  side  ao^ 
compressive  on  the  leeward  side,  due  to  the  wind,  St  »  0.106  M/D^.  (Sa 
Self-Sustaining  Steel  Chimneys,  page  1376.)  In  the  above  equation,  B  *  hatb\ 
of  tank  in  ft  above  section  considered,  D  *  diameter  in  ft,  /  « thickness  t^ 
shell  in  in,  W  "  weight  of  tank  in  lb,  and  M  »  bending  moment  in  ft-lb.  Th 
conditions  for  overturning  from  wind  are  most  severe  when  the  tank  u  empty 

Stand-pipes  were  much  used  for  storage-reservoiis  at  one  time.  The] 
usually  varied  from  12  to  30  ft  in  diameter  and  from  35  to  i  so  ft  in  bcxght 
A  tank  built  in  1889  at  Greenwich,  Conn.,  was  80  ft  in  diameter  and  30  ft  ii 
height.  Its  capacity  was  i  300  000  gal.  A  stand-pipe  built  in  1876  at  ^uxm 
Minn,  was  4  ft  in  diameter  by  210  ft  in  height.  The  steel  cylinder  was  sa 
rounded  by  a  masonry  tower.  A  long  list  of  failures,  mostly  due  to  fault; 
design,  are  recorded  against  the  stand-pipe.  Because  of  this  and  the  saperio 
advantage  of  the  elevated  water-tower,  few  are  now  built.  General  Spcdfia 
tions  for  Elevated  Steel  Tanks  on  Towers,  and  for  Stand-pipes  (Trans.  Am.  So( 
C.  £.,  Vol.  64, 1909,  pages  548  to  566>,and  General  Specifications  for  Sted.  Watt 
and  Oil-Tanks  (Proc.  Am.  Ry.  Eng.  Asso.,  vol.  13,  191 2),  are  both  reprinted  i 
Ketchum's  Structural  Engineers'  Handbook. 

*  Inspection  Department  of  the  Factoiy  Mutual  Insuraaoe  Coapa^y,  Bostoa. 
t  From  Notes  by  Robins  Fleming. 
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n  Ci&Uc  IftmtmaATLA.  GnHtai-di  ttpM^Md  Cylindtts  of 
VmtiovM  Diainetets  »ad  One  Fo«t  Ja  L««gth 

X  gallon  <■  331  ctt  in.    icu  ft  -  7.4805  gal 


For  X  ft  in 

Fori 

ft  in 

i'DTT 

ftin 

IcnsOth 

T^'* 

J«ngth 

▼^  * 

length  - 

Diam- 

Dianv 

lit. 

U.S. 

eter  in 

Cuft, 

U.S. 

eter  in 

Cuft. 

U.S. 

Lao 

gal 

inches 

also 

gal. 

inches 

also 

gal. 

».  in 

231 

area  in 

331 

area  in 

231 

nit 

cu  in 

sqH 

cu  in 

SQit 

cu  in 

.OOQS 

0.0005 

6H 

0.2485 

x.8fi9 

19 

X..969 

14  73 

.■0005       0.0040  1 

7 

0.2673 

1  999 

ig^i 

2.074 

15  5* 

.OOOb 

0.0057 

7H 

0.3867 

2.145 

20 

2.262 

16. 38 

>.tx>io 

0.0078 

7H 

o.3d68 

2.295 

20W 

3.292 

17.15 

».OOl4 

b.Ol03 

7% 

0.3276 

2.450 

21 

2.40s 

17  99 

>.ooi7 

o.oxag 

8 

0.34^ 

2. 611 

3lH 

2.531 

I$.86 

3.ooax 

0.0159 

8H 

0.37x2 

2.777 

22 

2.640 

19  75 

).oofl6 

0.0S93 

8H 

0.3941 

3.948 

23^ 

2.76X 

to. 66 

9.tX»3I 

0.0*30 

m 

0.4176 

3.125 

23 

2.885 

31.58 

b.0036 

0.0269 

9 

0.44*8 

3.30s 

23^ 

3.0(2 

32.53 

0.0042 

0.0313 

9H 

0.4667 

3.491 

24 

3.142 

23  50 

0.004$ 

0  0359 

gV^ 

0.4033 

3.683 

25 

3.409 

35  50 

o.ooss 

0.0406 

9W 

0.5x85 

3.879 

26 

3.687 

27.58 

o.oots 

0.06JS 

lo 

0.54S4 

4. ate 

27 

3.976 

39  74 

0.OI23 

0.0918 

loH 

0.5736 

4.286 

28 

4.276 

31  99 

0.0x67 

0.1249 

loH 

0.60x3 

4.498 

29 

4.587 

34  3K 

o.oaiS 

0.1632 

xo5i 

0.63QS 

4.71S 

30 

4.909 

36.72 

0.0376 

0.3066 

II 

0.6600 

4.937 

31 

S.24I 

39  21 

0.0341 

0.2SSO 

iiH 

0.6903 

S.164 

32 

5.58s 

41  7« 

0.0412 

©3085 

11^4 

0.7213 

3-306 

33 

5.940 

44  43 

0.0491 

0.3672 

11^ 

o.7S»> 

S.633 

34 

6.305 

47.16 

0.OffJ« 

0.4309 

12 

0.7854 

5-875 

35 

6.66X 

49.^8 

0,0668 

0.4998 

12>5 

0.S522 

6.37s 

36 

7.069 

52.86 

0.0767 

0.5738 

13 

0.9318 

6.895 

37 

7.467 

55  86 

0.0873 

•.651B 

13^ 

0.99*> 

7  436 

38 

7.876 

58  92 

•.0985 

0.7369 

14 

L.D69D 

7997 

39 

8.396 

6a. 06 

O.M34 

e.8363 

UH 

I. 1470 

«-S78 

40 

8.737 

6S.28 

O.I^I 

0.9206 

15 

x.aiTD 

9.X80 

41 

9.168 

68. # 

O.X364 

l.oaoo 

isH 

1.3100 

^.801 

42 

9.631 

71-97 

O.JS03 

X.I2S0  ; 

26 

X.3960 

XO.440 

43 

10.085 

75-44 

0.1650 

1.2340 

j6^ 

x.4aso 

1 1. 1 10 

44 

10. 559 

78.99 

0.1803 

1.3490 

17 

i.S7<Jo 

M-79D 

45 

II.04S 

«2.62 

0.1963 

1.4690 

I7H 

1.6700 

12.490 

46 

ii.S4t 

S6.33 

0.3131 

t.5^ 

18 

X.7680 

13.220 

47 

12.048 

90. X3 

0.2304 

X.7240 

mi 

1.8670 

13.960 

48 

12.566 

94.00  ' 

*  Actual. 

lid  the  capacity  of  pipes  greater  then  those  given,  look  in  tlie  table  fcr  a 
one-liaJ!  the  given  si^e  and  mu}tipty  its  capacity  by  4,  or  otie  of  one- 
I  size  and  multiply  its  capacity  by  9,  etc.  To  find  the  weighx  of  water 
of  the  given  flbo,  multiply  the  capMcity  in  cubic  feet  by  the  ineight  of  a 
Oct  of  water  at  the  t)emi)erature  of  the  Water  in  the  pipe. 
iDid  the  capacity  of  a  cyftoder  in  U.  S.  gaikms,  muhxi^  tiie  length  by  -  the 
of  the  diameter  aad  by  0.0C34.  * 
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C|li&dfiGil  Vewrtt,  TaidB»  GlitMai,  Ete. 

Diameter  in  feet  and  inches,  aiea  in  square  feet,  and  U.  S.  galloos  capacity  far  z  ft 

in  depth 

z  galloa  m  231  cu  in  «  0.1357  cu  ft 


Diam. 

Area, 

Gal, 

i-ft 

depth 

Diam. 

Area, 

Gal, 

I-ft 

depth 

Diam, 

Axea, 

Gtl 

depth 

ft    in 

sqft* 

ft 

m 

sqft* 

ft 

in 

aqft* 

z 

0.785 

S.87 

5 

8 

35.33 

188  66 

19 

283  $3 

21J09 

X       X 

0.92a 

t^ 

5 

9 

25  97 

194.25 

19 

3 

391  04 

21771 

X       2 

1.069 

8.00 

5 

10 

26.73 

199.92 

19 

6 

298.65 

22340 

I      3 

x.a27 

9.Z8 

5 

II 

27.49 

20S.67 

19 

9 

306,3$ 

314  16 

23917 

1      4 

1.396 

10.44 

6 

28.37 

21 I. SI 

20 

23SOI 

X      S 

Z.S76 

11.79 

6 

3 

30.68 

229.50 

20 

3 

aaa.o6 

24092 

K      6 

z.7«7 

13.23 

6 

6 

33.18 

24S.23 

ao 

6 

33006 

24691 

I      7 

1-969 

14.73 

6 

9 

3S.78 

267.69 

20 

9 

338.16 

25J96 

z      8 

a.zSa 

16.32 

7 

d8.48 

287.88 

21 

346.36 

M910 

3QS30 

X      9 

2.40s 

17.99 

7 

i 

41.28 

30S.81 

21 

•3 

35466 

3630$ 

z    10 

2.640 

19. 75 

7 

44.18 

330.48 

21 

6 

27158 

X     ZI 

2.885 

21.58 

7 

9 

47.17 

352.88 

21 

9 

.371  54 

2T793 
2t4S6 

3 

3.142 

23.  SO 

8 

SO.  27 

376.01 

22 

380.13 

2       X 

3- 409 

25.50 

8 

3 

53.46 

399.88 

aa 

1 

3BB.82 

39086 

2     a 

3.687 

27.58 

8 

6 

S6.7S 

424.48 

aa 

397.61 
406.49 

29743 

2     3 

3.976 

29.74 

8 

9 

60.13 

449.82 

22 

9 

304OB 

2     4 

4.276 

31.99 

9 

63.62 

475.89 

23 

415.48 

3108.0 

^     § 

4.587 

34.31 

9 

3 

67.30 

502. 70 

23 

3 

424  S6 

3175  9 

a     6 

4.909 

36.72 

9 

6 

70.88 

530.24 

23 

6 

433  74 

33416 

2     7 

5.241 

39.21 

9 

9 

7466 

558. SI 

23 

9 

443.01 

33140 

a     8 

5.585 

41  78 

10 

7854 

587.52 

24 

452.39 

3lMi 

2     9 

5.940 

44.43 

zo 

1 

83.5a 

617.26 

24 

i 

461.86 

34S? 

a    10 

6.3t)5 

47.16 

zo 

86.59 
90.76 

647.74 

24 

471-44 

3Sa66 

a    XX 

6.681 

49.98 
52.88 

10 

9 

678.9s 

24 

9 

481. IZ 

3S989 

3 

7.069 

XI 

95.03 

7T0.90 

25 

490.87 

35720 

3      I 

7.467 

55.86 

XI 

3 

9940 

743  58 

25 

3 

500. 74 

37458 

3      2 

7.876 

58.92 

xz 

6 

103.87 

776.99 

25 

6 

510.71 

18303 

3      3 

8.396 

63.06 

II 

9 

108.43 

8X1. 14 

?S 

9 

520.77 

38956 

3      4 

8.727 

6s. 38 

Z2 

113.  TO 

ft,n 

26 

530.93 

39716 

3      5 

9.168 

68.58 

la 

3 

117.86 

26 

3 

541.19 

40184 

3     6 

9.631 

71.97 

la 

6 

133.73 
137.68 

918.00 

26 

6 

^2.00 

412S9 

3      7 

10.065 

75.44 

13 

9 

955.^9 

26 

9 

42041 

3      8 

10.559 

78.99 
82.62 

13 

132.73 

992.01 

27 

572.56 

42830 

3     9 

11.045 

13 

3 

137.89 

X031.5 

27 

3 

588.21 

4ib: 

3    10 

"541 

86.11 

13 

6 

143.14 

1070.8 

27 

6 

m 

44431 

3    IX 

za.048 

90.13 

13 

9 

148.49 

I110.8 

27 

9 

4W3 

4 

Z3.566 

94.00 

14 

153.94 

I151.S 

28 

026.80 

46062 

4      I 

13.095 

97.96 

14 

3 

159.48 

1193.0 

28 

i 

4flB8 

4       2 

13.63s 

103.00 

14 

6 

i6s  13 

1235.3 

38 

637.94 

47721 

4      3 

14.186 

106.12 

14 

9 

170.87 

1278.2 

a8 

9 

649.18 
660.52 

4856* 

4      4 

14.748 

110.32 

15 

176.71 

1321.9 

29 

49410 

4      5 

IS. 321 

114. 61 

15 

3 

182.65 

1366.4 

29 

3 

671.96 

50166 

4      6 

15.90 

118.97 

IS 

6 

18869 

1411.5 

29 

6 

683-49 

51129 

4      7 
4      8 

16.  so 
17. 10 

123.42 
127.95 

.1 

9 

194.83 

20X.06 

1457.4 
1504. I 

29 

30 

9 

UU 

X 

4      9 

17.72 

132.56 

16 

3 

207.39 

ISSI.4 

30 

3 

718.69 

SSfii 

4    10 

X8.3S 

137.2s 

16 

6 

213.82 

IS9Q5 

30 

6 

730.63 

546S4 

4    II 

18.99 

142.02 

16 

9 

220.35 

1648.4 

3P 

9 

742.64 

554 

5 

1963 

146.88 

17 

22698 

1697.9 

31 

754.  n 

^I 

5      I 

30  a9 

151.82 

17 

3 

233  71 

1748.2 

31 

3 

766.99 

5737S 

5     a 

30.97 

ZS6.83 

17 

6 

240.53 

1799.3 

31 

6 

7T9  31 

Si 

5      3 

2Z.6|$ 

161.93 

17 

9 

247.45  . 

1851.1 

31 

9 

791.73 

5      4 

22.34 

167.12 

18 

254.47 
261. i9 

19^.6 

3a 

Sof.as 
M.86 

6016  JH 

5      5 

2304 

172.38 

x8 

3 

1996.8 

32 

3 

6iio4 

5     d 

as.Td 

177.72 

18 

6 

a68.8o 

2010.8 

32 

6 

8a9.S8 

63054] 

5      7 

24.48 

183.15 

18 

9 

276.12 

2065.5 

32 

9 

84239 

-^J 

*  Also  cubic  feet  f or  i  ft  ia.depUi. 


Cipuities  ol  Citerns  and  Tank« 


Nubaol 

«fd>(3iMi*] 

ia 

dMUUUUlUllkl 

Ditmtta.H                                        1 

5 

« 

7 

• 

» 

.0       ,. 

« 

» 

«7 

at 

597 

93.3 

1S7.6 

39 .0 

ai? 

v'.i 

I6i:i 

1891 

33.7 

S1.6 

ij8:o 

188.0 

»6.6 

M-; 

73.1 

9S.S 

M9.3 

lSo,J 

Is'] 

60.4 
73.9 

«1.3 
W4 

136.0 

SI 

ii 

«■;• 

383:7 

Si! 

11 

So.S 

ii 

333^3 

378  3 

«7-3 

•»; 

in'' 

s;i 

115  0 

S-; 

409.7 

fO.O 

17».a 

'iM.l 

389.8 

3)8. s      4«.8 

«3.e 

146.3 

341.7 

398,4 

SI  2:: 

504,3 

SJ 

1»,9 

xt 

Sli 

3J6.S 

373,0 

^■•, 

IJ7S 

1736 

387.0 

S9S.O 

«.3 

183.  B 

338.7 

303.1 

•30,4 

Diunelcr,  it 

J* 

309* 

351  ■• 

a? 

3«9.J 

^1:1 

336.6 

404.0 

Zit 

4915 

S4ll6 

3»3.7 

334.3 

377.3 

631,9 

ais.7 

38.0 

431  3 

4834 

S:! 

J9«:! 

6js:J 

3777 

485.1 

iS:! 

60SS. 

671,4 

740.3 

41».« 

673.3 

Sl3  J 

90J.7 

461.6 

S91.9 

667.7 

740.6 

904.7 

993.9 

S03.S 

S73;9     6*6.8 

807,9 

Si 

1083.1 

■1 

^1 

6»T      700  7 

6683!™* 

'Si 

87s.  3 
9436 

ilejl 

ii 

1.3 

639.4 

716  1  1  Brt.S 

9064 

IOO9.9 

..9 

671.4 

7T3.f  1  «63.4 

966.R 

'Si 

^315.9 

811.6      916.3    10J7.3 
es9.4      S70.3  ,IC«7.7 

IJ*** 

:^;l 

■5    TTT.'a    90T-'  [1014-1  ;ii4S.i 

.1  i«39.3l!iM.9il07«.ol.»8.s 

;s?i 

14930 

'Si 

\li.ll\ 

DkraetH.h                                                1 

. 

- 1 

98      1       3!) 

30 

S37->  !     S«ia        630.1 

679.8' 

644.5  '     6».4        7S6 

aij.8  1 

733,0  (     S.S.9,     Ml 

s 

9S1.7      1 

II 

Si' SMS 

6 

iSi  i 

1!; 

JfJe 

1343,8 

il6j  6     1360 

ijii 

»8'j 

1^:5 

IJSJ.J     1386 

«8.7i 

1846,4 

S 

;3;. 

139B.7     IS" 

'i%'i    1 

M.6  1    883.3 

1S03.B 

1903^4   !   3< 

3I«.» 

33439 

I61I.4 

1748.4      1B9 

3039.4   1    3 

3JS37 

JSI7.8 

sis; 

1865.0       301 
1961. 6  !   JU3 

f.l 

X 

SI 

I9M.6 

3098.1       336 

ii|; 

319 

383J.3 

3041. 1 

78.1 

39S0.I 

Ssji 

ai48.S 

33JI.3  1   JS".J 

3,1,  3  !  3. 

33S7.0 

n  tb(  diameter  Eaui-tcBtb>  bota  lu|>  (od- 
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Number  of  U.  S.  €Mlau-|a 

For  One  Foot  in  Depth 

X  cu  ft  >■  7'4So5  gfti 


atctingiihr  Tanks 


Width, 
ft 


a 

a.S 

3 

35 

4 

4.5 

5 

5  5 

6 

6.5 
7 


Width, 


ft 


2 
2.5 

3 

3  5 

4 

4-5 

5 

5  5 

6 

6.5 

7 

7.5 

8 

8.5 
9 

95 
lo 

10.5 
II 

XI. 5 
X2 


Length  of  tank,  ft 


29  92 


2.5 


37 
46 


40 
75 


44.88 
S6.ro 
67.32 


3.5 


52.36 
65.45 
78.54 
91.64 


4.5 


59.84    67.32^  74  81 

74.80I  84.16I  93-51 

89. 771X00.99' 112. 21 

104. 73;  1x7 -821x30. 91 


5^ 


1x9.69 


X34.6S 


15x48 


168 
187 


149 


82.29 
102.80 

X23.43 

144.00 

6l| 164.57 
31  185.14 
01 1 205. 71 
226.28 


89.77 
XI2.21 

134.6s 
157.09 
179.53 
20X.97 

284.41 
246.86 
269.30 


6.5 


97-25 

X2X 

14587 
170. 

194 
2X8. 

243 

267- 

291. 

316 


X04.73 
91 

IS7  0> 
a? 
4S 

as 
00 
18 

3tfS4 


56130 


x8ia3 

49209 

80  235 
XX95l 
43  368 
743x4 


05  340 


Length  of  tank,  ft 


7-5 


1x2. 21 
140.26 

168.31 
196-36 
224.41 
252.47 
260.52 
308.57 
336.62 
3164.67 
392.72418 
420.78  448 
478 


8 


"9 
149 

179 
209 

239 
269 
299 
329 

359 
388 


61 
53 
45 
37 
30 
22 

14 
06 

98 
91 
83 
75 


8.5 


69I127.17 
158.96 

190.75 
222.54 
25434 
286.  I3i 
317.92 
349-71 
381. SO 
41330 

445.09 
476.88 

508.67 
540.46 


•  ■  •  « 


134.6s 
168.31 
202.97 

235.63 
269.30 
302.96 
336.62 

370.28 

403.94 
437.60 

471.27 
504.93 
538.59 
572.2s 
605.92 


95         10 


142.13 
177. 661 

213.19] 
248.73; 
284.261 

319 -79 
35532 
390.8S 

426.39 
461-92 
497. 45 
532.98 
568.51 
604.05 
63958 
675." 


lo.s 


149.61 
187.01 

224.41 
261.82 
299.22 
336.62 
374  03 
411.43 
448.83] 
486.23 
523  64 
561.04 
598-44 
635.84 
673  25 
710.65 
748.05 


XI  11.5 


157-09 
196.36 
235.63; 
274.90; 
314.18.' 
353.451 
392.72! 
432.00: 

471.27', 
5io.54i 
549  81, 
589. o8l 
6aB.36r 

667. 63I 
706. 90j 

746  17, 
785.451 
824.73 


164.57 
205.71 
246.86 
288.00 

329.14 
370.28 

411.43 
452.57 
493.71 
534.85 
S7S-0O 

617.14 
658.28 
690.42 
740.56 

781.71 
822.861 
86400 
905  14 


12 


I72.O5I 

215.  o6t 

2SB.07 

301.09 

3*4.10 

3^.11 

43D.U 

473- X4 

5x6.  xs 

550. 16 

602.18 

645  19 
688.20 
731.21 
774-23 
817.24 
860.26 
903  26 
946.27 
989.29 


179  53 
234.41 
26930 
3x41s 
389  ofi 
403  91 
448.83 
4»3  7l 
53IB5I 
5S3  4T 
6lB3ft 

673  »» 
7x8.12 

T0308 
807.81 
85277 
897« 
912^ 
98713 

107:. a 


To  find  weight  of  water  in  pounds  at  62**  F.,  multiply  the  nuiBbcr  of  saBoM 
by  8H. 

Bzample.  To  find  number  of  gallons  in  a  rectangular  tank  tfaat  is  7.5  ft  tq 
10  ft.,  the  water  being  4  ft  deep.  Look  in  the  extreme  left-hand  column  i» 
7.5  and  opposite  to  this  in  the  column  headed  10  read  561x4.  which  bati 
nraftipHed  by  4,  the  depth  of  water  in  the  tank,  gives  7244.9,  the  mnnbff  ■ 
gallons  Totfoind^  i 
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(a)  PUJMBIHO  AHD  I>RAniAG£ 

Rditble  Rules  for  Plumbing  and  Drainage.  The  water-supply  of 
buildings,  including  the  apparatus  for  beating  water,  the  system  of  drainage 
tod  sewage,  and  the  various  fixtures  connected  therewith,  are  installed  by  the 
plumber,  usually  in  accordance  with  specifications  prepared  by  the  architect 
and  subject  to  municipal  regulations.  An  efficient  and  safe  system  of  plumbing 
h  a  matter  of  vital  importance.  The  following  may  be  used  as  a  reliable  guide 
in  any  locality. 

Exhacxi  *  reoM  t^  Ruubs  asd  RxomAHOMs  or  the  DevAanfENT  or 
fimuNNOB  or  ZHB  CiTV  or  New  Yoaxj  Adopted  Apkil  23,  1912 

Definitions  of  Terms 

(i2)t  The  term  private  sewer  is  applied  to  main  sewers  that  are  not  con* 
itructed  by  and  under  the  supervision  of  the  Department  of  Sewers. 

(13)  The  term  house-sewer  is  applied  to  that  part  of  the  main  drain  or  sewer 
extending  from  a  point  a  ft  outside  of  the  outer  wall  of  building-vault  or  area  to 
b  connection  wfth  public  sewer,  private  sewer  or  cesspool. 

(14)  The  term  house-drain  is  applied  to  that  part  of  the  main  horizontal 
frain  and  its  branches  inside  the  walls  of  the  buikUng-vauH  or  area  and  eztend- 
ng  to  and  connecting  with  the  house-sewer. 

Us)  The  term  soil-pipe  is  applied  to  any  vertical  line  of  pipe  extending 
hrough  roof,  receiving  the  discharge  of  one  or  more  water-closets  with  or  with- 
lut  otlier  fixtures. 

(16)  The  term  waste-pipe  is  applied  to  any  pipe,  extending  through  roof, 
eceiving  the  discharge  from  any  fixtures  except  water-closets. 

(17)  The  term  vent-pipe  is  applied  to  any  special  pipe  provided  to  ventilate 
le  system  of  piping  and  to  prevent  trap-siphonage  and  back-pressure. 

Materials  and  Workmanship 

Soil-PIpe  and  Vent-Pipe.  (19)  AH  cast-fron  pipes  and  fittings  must  be 
iGoated,  sound,  cylindrical,  and  smooth,  free  from  cracks,  sand-hc^es  and 
:her  defects,  and  of  uniform  thickness  and  of  the  grade  known  in  eonunerce  at 

CTRA  HEAVY. 

(to)  Pipe,  including  the  hub,  shall  weigh  not  less  tlian  the  following  average 
lights  per  linear  foot: 


Diameters 

Weights  per 

linear  foot, 

lb 

tin 

5^ 
9H 

13 

XT 

99 

45 

54 

.    

Sin.. 

i  in 

tin 

iin 

rin          

Iin 

>in 

I  in. , 

These  numbered  paragraphs,  from  (12)  to  Ci  74),  extracts  from  Building  Regulations, 
unedited,  except  In  those  details  which  affect  typographical  uniformity  throughout 
book.     Editor-hi-chief. 

Paragraph-namben  ate  the  same  as  those  in  tlwOfiSdalRflguhaiooi.    Miaaiiig  nnai* 
mWt^  potagtaphi  puipoady  omitted. 
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(22)  Mjomu  must  be  nude  with  pidLedoaktim  and  moltOQ  lead  and  be  nade 
gas-tight.  Twelve  (12)  oz  of  fine,  solt  pig  lead  mutt  be  used  at  each  joiot  fa 
each  inch  in  the  diameter  of  the  pipe. 

(24)  Wrought-iron  and  steel  water-pipes,  vent-pipes,  waste-pipes  and  soil- 
pipes  must  be  galvanized. 

(29)  All  brass  pipe  for  soil-pipes,  waste-pipes,  and  vent-pipes  and  soUer-nip- 
ples  must  be  thoroughly  annealed,  seamless-drawn,  brass  tubing  of  staodaid 
iron-pipe  gauge. 

Lead  Waste-Plpet.  (37)  The  use  of  lead  pipes  is  restricted  to  the  shoit 
branches  of  the  soil-pipes  and  waste-pipes,  bends,  tiaps^  and  rod-coancctiom 
of  inside  leaders.  Sbokt  branches  of  lead  pipe  shall  be  conatrued  to  mean  sot 
more  than 

8  ft  of  i)^i-in  pipe 

5  ft  of  2-m  pipe 

2  ft  of  3-in  pipe 

2  It  of  4-in  pipe 

(38)  All  connections  between  lead  pipes  and  between  lead  and  biaaB  or  copper 
pipes  must  be  made  by  means  of  wiped  solder  joints. 

(39)  All  lead  waste,  soil,  vent,  and  flush-pipes  must  be  of  the  best  qualitjr, 
known  in  commerce  as  D,  and  of  not  less  than  the  following  weights  per  linear  foot: 


Diameters 


xH  in  (for  flush^pipes  only^ 
xV^in 

2  in 

3  in 

4and4Vi  in 


wagnispv 

linear  foot, 

lb 


3M 

3 
4 
6 
8 


(40)  All  lead  tmps  and  bends  must  be  of  the  same  wei^ts  and  thicknesses 
as  their  corresponding  pipe-branches.  Sheet  lead  for  roof-flashings  must  be 
6-lb  lead  and  must  extend  not  less  than  6  in  from  the  pipe,  and  the  joint  nude 
water-tight. 

(41)  Copper  tubing  when  used  for  inside  leader  roof-connections  mist  be 
seamless-drawn  tubing  not  less  than  22  gauge,  and  when  used  for  roof-fla  things 
must  be  not  less  than  18  gauge. 

Yard,  Area  and  Other  Drains 

(54)  All  yards,  areas,  and  courts  exceeding  15  sq  ft  in  area  must  be  dnoned 
into  the  sewer.  A  shaft  open  at  the  top  and  not  exceeding  35  sq  ft  in  area,  and 
which  caimot  be  connected  in  back  of  a  leader,  3rard,  court,  or  area  drain-tnp^ 
may  be  drained  into  a  publicly  placed,  water-supplied,  properly  Upped  aad 
vented  slop-sink. 

(59)  These  drains,  when  sewer-connected,  must  have  connections  not  less 
than  3  in  in  diameter.  They  should  be  controlled  by  one  trap^  the  leader-tcap 
if  possible. 

Leaders 

(60)  Every  building  shall  be  kept  provided  with  proper  metallic  gutters  sod 
rain-leaders  for  conducting  water  from  all  roofs  in  such  manner  as  shall  protect 
the  walls  and  foundations  of  said  buildings  from  injury.  In  no  case  sbaD  tke 
water  from  any  rain-leader  be  allowed  to  flow  upon  the  sidewalk  or  adjoioing 
property,  btit  the  aame  shall  be  oonducted  by  proper  pipes  to  the  sewer.  If 
there  be  no  sewer  in  the  street  upon  which  the  buildiiigB  froat,  then  the  watec 
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leadefs  shaJl  be  conducted  by  proper  pipes  below  the  surface  of  the 
>  ths  stieet-gutter,  or  may  be  conducted  by  extra-heavy  cast-ima 
eching  cesspool  located  at  least  20  ft  from  any  building.  No  plumb- 
I  shall  discbarge  into  a  leeching  cesspool. 

de  leaden  must  be  made  of  cast  iron,  wrought  iion»  or  ateel,  with 
tbnt  made  gas-tight  'and  water-tight  by  means  of  a  heavy  lead  or 
rn  tubing  wiped  to  a  brass  ferrule  or  nipple  calked  or  screwed  into 

lide  leaders  may  be  of  sheet  metal»  but  thegr  must  connect  with  the 
by  means  of  a  caat-iion  pipe  extending  vertically  5  ft  above  the 

lers  must  be  trapped  with  caat-iron  running  traps  so  pbu:ed  as  to 
dng. 

-water  leaders  must  not  be  used  as  soil-pipes,  waste-pipes  or  vent- 
all  any  such  pipe  be  used  as  a  leader. 

[ooae-Sewer,  House-Drain,  Houie-Trap  and  Fresh-Air 

Inlet 

iiouse-dmin  must  properly  connect  with  the  hous&«ewer  at  a  point 
>f  the  outer  front  vault  or  area-wall  of  the  buikUng.    An  arched  or 
opening  in  the  wall  must  be  provided  for  the  drain  to  prevent 
ettlesnent. 

iouse-drain  if  above  the  cellar-floor,  must  be  supported  at  inter- 
by  8-in  brick  piers  or  suspended  from  the  floor-beams,  or  be  other- 
'  supported  by  heavy  iron-pipe  hangers  at  intervals  of  not  more 

cam-exhaust,  boiler  blow-off,  or' drip-pipe  shall  be  connected  with 
in.  Such  pipes  must  first  discharge  into  a  proper  condensing  tank, 
a  proper  outlet  to  the  house-sewer  outside  of  the  buHding  must  be 

I  low-pressure  steam-systems  the  condensing  tank  may  be  omitted, 
-connection  must  be  otherwise  as  above  required. 

ouse-drain  and  house-sewer  must  be  run  as  direct  as  possible, 
at  least  H  in  per  ft,  all  changes  in  direction  made  with  proper 

II  connections  made  with  Y  branches  and  one-eighth  and  one-six- 


ttse-Sewer.  (74)  The  house-sewer  and  house-drain  must  be  at 
liameter  where  water-closets  discharge  into  them.  Where  rain- 
es  into  them,  the  house-sewer  and  house-drain  up  to  the  leader- 
tist  be  in  accordance  with  the  following  table: 


Diameter  of 

PoraCallof 

For  a  fall  of 

pipe, 
in 

H  in  per  foot. 

H  in  per  foot. 

sq  ft  of  drainage- 

sq  ft  of  drainage- 

area 

area 

3 

X  300 

I  500 

4 

3500 

3300 

5 

4500 

6000 

6 

8000 

10  000 

7 

13  400 

X5600 

8 

tftooo 

33500 

9 

25000. 

31500 

zo 

41  000 

59000 

lar 

69000 

98000 
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'  (75>  Fiill*«iM  Y  and  T-branch  fittings  lor  band-hole  deaa-oat»  mist  be  pio* 
Tided  where  lequiied  on  faouse^drain  and  its  branches.  No  deaii'eut  Beed  be 
hxger  than  6  in  in  diameter. 

(76)  An  iron  running-trap  must  be  placed  on  the  houae^inda  near  the  mil 
of  the  house,  and  on  thesewer-^de  of  all  oomections,  except  a  Y  fitting  uied  to 
receive  the  discharge  from  an  automatic  sewage^Hft,  oft-eepaimtor  or  a  diip- 
*pipe  where  o»e  is  used.  If  placed  outside  the  house  or  below  the  ccUar-floor 
it  must  be  made  accessible  in  a  brick  manhole,  the  walls  of  which  must  be  8  n 
tfaadc,  with  an  iron  or  flagstone  «overi.  When  outside  the  boUse  it  must  never 
be  less  than  3  ft  below  the  suiiaceof  Che  ground. 

(79)  A  FRESH-AIR  INLET  must  be  Connected  with  the  house-drain  just  inade 
of  the  house^rap  and  extended  to  the  outer  air,  terminating  with  a-retum-bcod, 
with  open  end  i  ft  above  the  grade  at  most  available  point,  to  be  determined  tiy 
the  superintendent  of  buildings  and  fhown  on  plans.  The  fi«Bli<4dr  mlet-pipe 
must  be  of  the  same  diameter  as  the  house<dnnii .  Aa  automatic  device  a^iroved 
by  the  st^perintendent  of  buildiqgs  may  |>e  used  when  set  in  a  manner  satis- 
factory to  Mm.  •  ' 

Note.  The  fresh-air  inlet  and  runmhg  trap  prescribed  by  Sections  76  and  79 
are  not  required  in  many  cities,  and  it  is  better  to  omit  them  where  not  re- 
quired. 

Soil-Pipet,  Waite-Pipes  and  Vent-Papaa 

(81)  ATI  main,  so3,  waste  or  vent-pipes  must  be  of  iron,  steel,  or  brass. 
(90)  The  diameters  of  soil-pipes  and  waste-pipes  must  not  be  less  than  those 
given  in  the  following  table: 


1 


Main  aeil-ffipes 410 

Main  soU-iupes  for  water-closets <m  five  or  more  floors- S.in 

Bcaach  soil-pipes 4  in 

Main  waste-pipes 2  in 

Main  wctste-pipes  for  kitchen-isinks  on  five  or  more  floors j  in 

Branch  waste-pipes  for  laandry-tiibs l^in 

When  set  in  rattges  of  three  or  more 2  in 

Branch  waste  for  IdtehesMinlct aia 

Branch  waste  for  urinals »m 

Branch  waste  for  other  fizttares iViia 


(97)  ^The  SIZES  at  VENT-PTPES  throughout  Inust  not  be  less  than  the  follff*- 

log: 

For  main  vents,  2  in  in  diameter;  for  water-closets  on  three  or  more  floors^ 
3  in  in  diameter;  for  other  fixtures  on  less  than  seven  ioora»  2  in  in  diameter; 
3-in  vent-pipe  will  be  permitted  for  less  than  nine  stories;  for  more  than  ci^ 
and  less  than  uxteen  stories,  4  in  in  diameter;  for  more  than  fifteen  and  less 
than  twenty-two  stories,  5  in  in  diameter;  for  more  than  twenty-one  stories  tic 
size  of  vent-pipe  shall  be  determined  by  the  superintendent  of  buildings. 

For  fixtuies  other  than  water-closets  and  slop-sinks  and  for  more  than  eigbt 
stories,  vent-pipes  may  be  i  in  smaller  than  above  stated. 

Traps 

(loi)  Every  fixture  must  be  separately  trapped  by  a  water-sea&g  tnp  pbod 
as  close  to  the  fixture-outlet  as  posable  and  no  trap  shall  be  placed  aoce 
3  ft  from  aay  fkture. 


WaterCloaets  1411 

set  of  not  more  than  tbrefrirtth^trays  niAy-tronnect  with  a  single  trap, 

trap  of  an  adjoining  sink,  provided  both  sink  and  tub  waste-outlets 

same  side  of  the  waste-line  and  the  sink  is  nearest  the  line.    When  so 

t|ie  w^te-pipe  from  the  wash-trays  must  be  branched  in  below  the 

le  discharge  from  any  fixture  must  not  pass  through  more  than  one' 
reaching  the  house-drain. 

1  earthenware  traps  must  have  approved  heavy  brass  floor-plates 
cured  to  the  Mmnach.  soiUpipe  ^fuk  J^ltpditoi  the  trap-flange  and  the 
gas-tight.  The  use  of  rubber  washers  for  floor-connections  is  pro- 
n  floor-flanges  must  be  set  in  place  and  Inspected  before  any  water- 
thereoa. 

trap  .shall  be  placed  at  the  foot  of  main  soil-  and  waste-pipe  lines. 
i  sizes  for  traps  must  not  be  less  than  those  given  in  the  following 


^     «|    irt       I   i  nil  H      I  I  I  I    I        n  11  ■    I  I  111!      «»i  I      »»iiiii»;i  ■!■■  ■      ..       I  I  .1        I      I    I  I  I    »   I 

Bter-closets «..../ 4  in  in  dkm. 

oiKsiakB <....., a  iaia  diam. 

ttchaii<«nk8. , a  in  in  diaxn. 

B9b-tr^ya ^ a  in  in  diam. 

rinab a  in  in  diam. 

;owet-baths a  in  in  diam. 

her  flxtures xH  in  in  diam. 


lexers,  areas,  floor  and  other  drains  must- be  at  least  3  in  in  diam- 


Water-Closets 

enement-honses,  lodging-houses,  factoHe^  workshops,  «nd  all 
igs  the  entire  water-closet  apartment  and  side  waHs  to  &  height 
le  floor,  except  at  the  doOT,  must  be  made  water-pmol  with  a^halt, 
netal,  or  other  water-proof  material  as  approved. by  the  supcria- 
Idings. 

general  water-closet  accommodation  of  any  building  cannot  be 
ceUat  nor  can  any  wate^-doset  be  placed  outside  of  a-  building, 
tcc  an  existfing  water-closet. 

sewer-connected  occupied  buildings  there  mast  be  at  least  one 
nd  there  must  be  additional  closets  so  that  theie  will  never  bo 
!Cn  persons  per  closet. 

[gfng-houses  there  must  be  one  water-closet  on  each  floor,  and 
more  than  fifteen  persons  on  a  floor,  there  must  be  one  additional 
r  every  fifteen  additional  persons  or  fraction  tbereol 
-closets  and  urinals  must  never  be  connected  direcfly  wvth  -or 
le  water-supply  pipes,  except  when  flnsfaometer^valves  ave  used, 
water-closet  and  urinal-dsterns  and  automatic  vator-clbsetl 
?ms  are  prohibited  unless  approved  by  the  superintendent  of 

Jpet  liiiins  of  water<loeets  and  urinad-dstems  must  not  be  Ugliter 
«r.  •' 

cdoeet  flusb-pipca  must  not  be  less  than  iH  in  and  nrinal  flush* 
uAeter,  «nd  if  of  lead  must,  not  weigh  less  than  i^  lb  and  a  Hb 
hHoaaipilbkgiB  nuist  be  of  full  size  of  the  pipe. 
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Sinks  and  Waah-Tuba 

(147)  In  all  houses  sinks  must  be  entirely  open,  on  iron  legs  or  bncket^ 
without  any  enclosing  woodwork. 

(148)  Wooden  wash-tubs  are  prohibited,  except  when  used  in  hotels*  restin- 
rants  or  bottling  establishments  for  washing  dishes  or  bottles.  Concnt  or 
artificial  stone  tubs  will  not  be  permitted  unless  approved  by  the  superintendent 
of  buildings. 

Taating  tlia  ^wnbinc-Syatatt 

(171)  The  entire  plumbing  and  draining-system  within  the  buIkHng  most  be 
tested  by  the  plumber,  in  the  presence  of  a  plumbing  inspector,  under  a  water- 
test.  All  pipes  must  remain  uncovered  in  every  part  until  they  have  success- 
fully  passed  the  test.  The  plumber  must  securely  close  all  openings  as  directed 
by  the  inspector  of  plumbing.  The  use  of  wooden  plugs  for  this  purpose  ii 
p.'Dhibited. 

(172)  The  water-test  will  be  applied  by  closing  the  lower  end  of  the  main 
house-drain  and  tilling  the  pipes  to  the  highest  opening  above  the  roof  irith 
Water.  The  water-test  shall  include  at  one  time  the  house-diain  and  bruchfl^ 
all  vertical  and  horisontal  soil,  waste  and  vent  and  leader-liiies  and  all  bnmcba 
therefrom  to  point  above  the  surface  of  the  finished  floor  and  bcymid  the  fia- 
ished  face  of  waHa  and  partitions.  If  the  drain  or  any  part  of  the  system  is  to 
be  tested  separately,  there  must  be  a  head  of  water  at  least  6  ft  above  all  paits 
of  the  work  so  tested,  and  special  provision  must  be  made  for  including  aO 
joints  and  connections  in  at  least  one  test. 

(17.))  After  the  completion  of  the  phunbing-work,  in  any  new  or  altered 
building  and  before  the  building  is  occupied,  a  final  smoke-test  must  be  appBed 
in  the  presence  of  the  plumbing-inspector.  Except  that  for  a  building  not  over 
six  stories  in  height,  a  peppermint-test  inay  be  applied. 

(174)  The  material  and  labor  for  the  tests  must  be  furnished  by  the  plumber. 
Where  the  peppermint-test  is  used,  a  os  of  oil  of  peppermint  must  be  provided 
for  each  line  up  to  five  stories  and  cellar  in  height,  and  an  additional  ounce  of 
oil  of  peppermint  must  be  provided  for  each  line  when  lines  are  more  than  five 
stories  in  height. 

Traps 

A  trap  is  a  device  which  penaits  the  free  passage  of  liquids  through  it,  and 
also  of  any  solid  matters  that  may  be  OMried  by  the  liquid,  while  at  the  sunt 
time  preventing  the  passage  of  air  or  gas  in  either  direction.  Traps  used  lor 
phunbing  purposes  are  shaped  so  that  an  amount  of  water  sufficient  to  dose  the 
passage  and  prevent  the  passage  of  air  will  stand  in  them  at  all  times.  Tbe 
prindpleof  the  common  trap  is  shown  in  Fig.  7.  The  pipe  T  receives  the  wsrte 
from  a  sink  or  wash-basin,  while  the  lower  end  B  connects  with  the  sewer. 
Sewer-gas  rises  in  pipe  B,  but  is  prevented  from  passing  to  tbe  fixture  by  the 
water  which  stands  in  the  trap.  Tbe  depth  of  water  through  which  gas  aist 
pass  to  effect  a  passage  is  termed  the  waxer-seal.  The  water-seal  m  the  tnft 
Fig.  7,  is  the  distance  5.  All  plumbing-pipes  which  connect  with  a  sewcnfe^: 
system  require  to  be  trapped  to  prevent  sewer-gas  from  passing  through  thcA 
to  the  fixture  and  into  the  room  in  which  the  fixture  is  located. 

Vttttilatiott  of  Traps.    When  a  considerable  body  of  water  nubcs 
through  a  pipe  it  forms  a  suction,  and  if  the  pipe  is  made  air-tight,  this 
is  often  sufficient  to  prevent  enough  water  remaining  in  the  trap  to  fiomi  a 
thus  leaving  an  opening  for  the  passage  r  1  sewer-gas,  as  in  Fig.  8.    By 
the  upper  bend  of  a  trap  with  theouts'de  air  by  means  ol  a  p|p^  ss  at  V,  Fig. 


Traps 
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win  be  itopped,  and  the  water  in  the  pipe  T  will  not  £aU  below  the 

outlet  at  h.    Several  non-siphoning  traps  have  been  patented  for 

of  obviating  the  necessity  of  back-venting,  but  thej  are  used  to  a 

ily  limited  extent.    There  are  also  several  varieties  of  back-preasura 


B 
ig.  7.    Water-seal  of  Trap 


Fig.  8.    Wster-ttsp  Unseskd 


ed  to  prevent  the  sewage  from  flowing  back  into  the  house-drain. 
L  the  nature  of  check-valves,  and  are  used  principally  in  seaport- 
tide-water  might  possibly  force  the  sewage  back.   The  more  com- 
of  lead  traps  used  in  plumbing,  with  tlieir  trade  names,  are  shown 

1  nns     * 


^ 


V, 


n 


^ 


Rwmii^T. 


Fig.  9.    Types  of  Traps 


lie  same  shapes  are  also  majle  of  cast  iron.  The  pipes  marked  V 
connections.  The  drum-trap  shown  in  Fig.  10  has  a  deeper  seal 
)iw&  in  Fig.  9,  and  is  commonly  uyed  under  kltchen-stfik%  bath-tubs 
y%.  J>niin-trap8  are  not  easily  nphoned,  even. when  oot  vented. 
fRatae-dosets  ara  commonly  formed  in  the  fixtiue* 
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Gr«a>«-Trap*.  The  •mle-wstn  fiwn  Utcbnv-diAi  always  amtsfau  to- 
lidenble  gRue,  which  ff  penmttcd  to  coler  the  soil-pipe  SyMrAi  1*  liable  to  dof 
thepipesbyaJhering  to  the  walls.  In  certain  tocatiliesgreaseKivesBindi  nun 
tmubie  than  in  otben,  due  to  the  cbenucal  compodtioa  ol  the  water.  Id  Col- 
orado and  many  other  places  it  il  neceaiaiy  to  caimect  the  waate  from  kilcbtn- 


Fig,  10.    Dium-tnp  Tig.  11.    Outdoor  Greue-dap 

Bolu  wtUi  a  iuwt  gnaie-tnn  which  coltwti  and  boidi  Ute  snuc.  but  pnmili 

the  water  to  pass  into  the  sewer  system.     After  a  time  the  accumulated  gna« 

Gils  the  trap  and  muit  be  removed.    On  account  of  this  it  is  desirable  to  use  a 

large  trap,  and  whenever  possible  it  should  be  placed  underground.  Just  outsidt 

the  house,  and  as  near  to  the  liak.  as  practicable.     Gresso-tnpa  to  be  plsnd 

tmdergiotuid   are  commanly  made  of 

a4-io  Titrified  dr«in-ti(e  or  cement  pipe, 

and  should  be  about  4  ft  deep.    Tbtf 

may  alio  be  built  of  brick  in  cement 

mortar.      Fig.    It    shows   a    seclia 

through  such   a  grcase-tr^  and  ihc 

inlet  and  outlet-pipes.     When  the  snit 

is  In  a  basement  or  an  upper  storr,  or 

when  the  building  occuptea  the  tntii* 

lot,  the   grease-trap    rnust  be  pbol 

under  the  sink.     When  M  placed  • 

round  lead  trap  12  or  14  in  in  diameRr 

may,  be  used,  with  a  Isr^e  liap-scnw 

in .  the  top   for   reduving   the  gime. 

Fig.  12  shows  a  section  through  such  I 

Fig,  12.    Lewi  Gnase^iqi  *"P  "^  ^^  '™y  '"  "bich  the  toEMC- 

tioos  should  be  made.    A  better  toia; 

ol  grtaK-tiap  is  made  of  cast  Iron.     Some  city  ordinaHEs  tcqabe  that 


-jadiet  for  the  puipoK  o£  mote   periedlll 


separMinc  the  grease  and  thus  preventing  uy  of  it  from  cnlteiBC  the  wall 
pipes.  To  be  (AectKe,  a  grcue-ttap  ronst  have  a  capadty  of  at  lewt  tai|| 
the  amount  of  ffeus  water  that  will  be  dKhacgid  iMo  It  ata^  tme  tiK      ' 
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••8.  These  may  be  of  lead,  (^raas,  gttlvamiAl  iron,'  tu^-llttfed  hsud. 
Lead  pipe  offers  the  teasA  reaatanoe  to  the  flow  of  water,  is  eaaly 
ny  dtaatioa,  and  easy  curves  axe  readily  made.  It  la  generally 
ire  durable  imdergnmnd  thaa  gahraniaed-iroa  pipe.  The  grade 
>r  STKONG,  is  the  lightest  that  should  ever  lie  used,  and  <M4)en  the 
a  from  dty  mains,  in  which  there  is  a  coosidewblQ  sretoui^  A  A, 
g  pipe,  should  be  used.  GalvaAiaed^ron  pipe  is  probably  more 
ed  than  any  other  materiai  jCar  water-mpply  pipes  in  building^ 
Dickel'-plat49d  pipe  is  required*  in  which  case  bmas  piping  k  cvat- 
Brass  pipe  used  for  water-supply  should  be  what  ia  knownas  iiioii*- 
rass  piping  is  preferable  to  tfdvaniaed  iron  or  lead  for  ixxiveying 
cl  is  largely  used  in  the  better  dass  of  buUdings.  Tin-hned  iron 
$  and  pipes  of  block  tin  ane  usually  considered  as  offering  the 
aaoe  to  coirosion  or  chflmiral  actum,  aiid  should  always  be  ased 
aJe,  beer  and  other  liquors.  Tin-lined  iron  iMpe  is  made  by  pouring 
>  a  wiought-iron  pipe.  While  in  a  fluid  state  the  tin  is  inseparably 
mn*  aad  the  result  is  one  solid  pipe  Coo^poaed  of  two  metals  which 
ORir  APAAT.  It  is  essentially  different  from  iron  pipe  merely 
and  immeasurably  superior  to  iron  pipe  lined  with  a  separate 
witt  become  detached.  Its  fittings  are  lined  with  tin  to  match. 
1  not  injure  it,  rats  will  not  gnaw  it,  and  thieved  wilt  hot  <:ut  it 
lot  or  cold  water  may  stand  in  block-tSn  pipes  and  yet  be  drawn 
re  and  free  from  poison  or  rust.  Lead-lined  pipe  is  made  in  the 
insures  delivering  the  water  to  the  house  just  as  it  comes  from  the 
%ed  by  the  chemical  action  which  often  results  lioa»  contact  with 
pipe- 

t)rftwfi  Benedict  Nickel  Tubing  is  uwd  to  some  e:ftent  for  the 
bing-pipes  in  high-dass  residences,  office  and  public  buildings, 
lite  metal  throughout  it  cannot  rub  or  wear  vsmssv  or  become 
;  is  made  in  all  the  regalar  iron*^ipe  sises,  and  necessary  fitting^ 
f' the  saaae  naetal.* 

iki*  Where  the  pressure  in  the  street-mains  b  not  great  enough 
flident  volume  of  water  for  supplying  the  fixtures  at  all  times,  or 
rivate  water-supply,  a  tank  should  be  placed  in  the  attic,  or  tie- 
6  ft  above  the  highest  fixture  to  be  supplied.  In  some  cases  the 
lower  story  are  supplied  direct  from  the  street  mains,  while  those 
ory  are  supplied  from  a  tank.  The  advantage  of  a  tank  is  that  it 
illy  from  a  very  small  stream,  and  thus  form  a  reseivoir  from 

volume  can  be  drawn  in  a  shorter  space  of  time  than  could  be 
t  from  the  service-pipes.  Storage-tanks  should  always  be  pro- 
overflow-pipe  of  ample  size  and  when  supplied  from  the  street- 
)ly  should  be  controlled  by  a  ball-cock  and  float.  Storage-tanks 
ze  are  preferably  made  ol  wood  lined  with  planished  or  tinned 

lead,  zinc  or  galvanized  iron  should  not  be  used  for  lining  tanks 
er  for  drinking  or  cooking  purposes,  and  are  not  as  durable  aa 
hen  the  effect  on  the  water  need  not  be  considered. 

Tank  Raqoirad  will  depend  lax^ely  upon  the  character  of  the 
s  supplied  from  the  strwt-main  in  which  the  pressure  Ss  fairly 
not  have  a  capacity  exceeding  i6o  gal.  Where  the  water  is 
le  tank  by  a  windmill  or  hot-air  engine,  the  tank  should  have  a 
ent  for  a  three  or  four  days'  supply  at  least. 

iaformatiao  consult  the  Benedkt  &  Bumham  Manufacturiag  Company, 

a. 
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Amount  of  Wator  Roqnirod  lor  Various  PurpoMS.  The  anoofc  d 
water  required  for  household  purposes  has  been  found  to  be  about  25  gal  for  ttd 
person,  large  or  small,  but  waste  will  triple  that  amount  sometimes.  A  hoei 
will  drink  about  7  gal  per  day  and  a  cow  from  5  to  6  gal  per  day.  A  caniafe» 
quires  from  9  to  z6  gal  for  washing. 

Size  of  Supply-Pipos.  The  proper  diameter  of  supply-pipes  depends  opso 
several  considerations,  such  as  the  number  and  size  of  faucets  that  are  Keiy  Iq 
be  discharging  water  at  the  same  time,  the  urgency  of  the  demand,  the  length  d 
the  pipes  and  number  of  angles,  and  upon  the  pressure.  There  is  no  objectioB 
to  having  a  pipe  larger  than  is  really  necessary,  except  from  the  standpoint  d 
cost.  Service-pipes  should  alwasrs  be  one  sise  larger  than  the  tap  in  the  stieel- 
main.  The  following  table  affords  a  fair  guide  for  proportioning  the  suppljr- 
branches  to  plumbing-fixtures.  If  the  pressure  is  less  than  so  lb  per  aq  m  tlM 
system  may  be  rated  as  low  pressure,  and  if  above  20  lb  as  bigr  nESSUiE. 


Supply-brancbss 


To  Bath-cocks 

Basin-cocks 

Water-closet  flush-tank 

Water-closet  flush-valve 

Sits  or  foot-bath 

Kitchen  sinl^ 

Pantry  Anla ^ 

Slop-sinks 

Urinals 


Low 


m 


Mtoi 

Hto  H 

H 

H 

H 

H 

iHtoiH 

iHtoiH 

H  to  H 

H 

H  to  94 

Hto  H 

H 

H 

H  to  H 

Hto  H 

H  to  H 

Hto  H 

High 


m 


With  high-pressure  systems,  dwellings  of  five  or  six  rooms  are 
for  economy,  supplied  entirely  through  H-in  pipe. 

Minimum  Diameter  of  Waste-Pipes.  The  folbwing  are  conBdered  ss 
the  smallest  diameters  allowable  for  waste-pipes.  The  diametea  reqnind  ia 
New  York  City  are  given  on  page  1410. 

Bath  and  sink-wastes,  iVi  in. 

Basin  and  urinal- wastes,  xH  in. 

Wash-trays,  iH  in  from  each  compartment,  entered  into  4*in  drum-trep  aai 
a-in  outlet  from  trap. 

Water-doset  trap,  2H  in. 


Approximate  Spacing  for  Tacks 

on  Lead  Pipes 

Size  of  pipe, 

• 

in 

Vertical  pipe 

Horiaontal  pipe 

Distance  apart 

Distance  apart 

Hot, 

Cold, 

Hot. 

Cold, 

in 

m 

in 

m 

H 

19 

2$ 

14 

17 

H 

20 

26 

IS 

x8 

H 

21 

27 

x6 

19 

I          I 

22 

aft 

17 

20 

iH 

23 

29 

18 

2t 

i       m 

24 

9> 

X8 

as 

L. 

.    Lead  P^ 

in  of  Lm4  Pip«.  The  differeiit  thrknfiOTfi  of  lewl  pi 
KDAtod  by  letters  as  in  Table  H,  page  X4i8»  but  are  no 
signated  as  in  Table  G,  foltowing,  which  may  be  conaid 
^ted  by  dealers. 

Table  O.    Weights  and  Sizes  of  Lead  Pipe 


liber 


ine., 
ict.. 
ght. 


xong. 
let.... 
|ht... 


rong 

tra  strong. . 

ct 

{ht 


-ong 

tra  strong.. 

ict 

ght 


rong 

Ltra  strong. 

«t 

jht 


t... 
ht. 


rong 

tea  strong. 

zt 

ht 


ong 

;ra  strong. 


Weight  per 
foot 


lb 


I 

z 

2 


I 
I 
Z 

2 
2 
3 


I 
I 

2 
3 
3 
3 
z 
I 

3 
2 
3 
3 
4 
X 
2 
2 
1 
2 
2 

3 

4 
4 
5 

2 
2 

3 
3 
4 
6 
6 


oz 


6 

4 
8 

9 
la 

•  •  ■ 

g 

zo 
za 

•  «  • 

4 
za 

•  •  • 

8 

•  ■  • 

za 

4 
za 

8 

8 

8 

4 

8 

8 

8 
8 

•  •  • 

8 

4 

«  ■  ■ 

za 
8 

8 

za 
za 

za 


CaHber 


zVi-in  Aqueduct. . .« 

Bstni  light 

Light 

Medium 

Strong 

Extra  strong 

Extra  extra  strong. . 
z^4-in  Extra  light 

Light 

Medium 

Strong *• 

Extra  strong 

a-in   Waste 

Extm  light 

Light 

Medium 

Strong 

Extra  strong 

Extra  extra  strong . . 
aVi-m  Waste 

Light 

Medium,  91 «  thick. 

Strong.  H  thick.... 

Extra  strong.   91  e 
thick 

Extra  extra  strong, 

Hthick 

3-m   Waste 

Light 

Medium.  91 «  thick. 

Strong.  U  thick.... 

Extra  strong.   Me 
thick 

Extra  extra  strong, 

Hthick 

3V4-in  Waste 

Strong.  \i  thick.... 

Extra  strong.   Me 

thwk 

4'in   Waste 

Medium 

Strong,  Vi  thick — 

Extra  strong,   Me 
thick 

Extra  extra  strong, 

Hthick 

S-in   Waste 


Weil 


lb 


3 
3 
4 
5 
6 

7 
9 
3 
4 
5 
6 
8 
3 
4 
5 
7 
8 

9 
zo 

4 

6 

8 

zz 

Z4 

Z7 
4 
6 

9 
za 

z6 

ao 

5 

zs 

z8 

S 

zo 
z6 

aa 

as 

8 
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CoHs  of  supply-pipe  weigh  about  200  lb;  aqjMsdvrt  about  9a  lb,*  suctio** 
pipe,  too  to  x8o  lb  each. 

Block-tin  pipe  is  stronger  for  a  given  weight  per  foot  than  lead  pipe  or  tin- 
iined  lead  pipe.    As  compared  with  lead  pipe  its  strength  is  as  3H  to  i. 

Tin-lined  and  lead-lined  icon  pipe  is  made  with  inside  diameters  of  H,  M.  it 
I^,  iH  and  2  in,  and  in  lo-ft  lengths,  threaded  without  couplings.  Tin-liaed 
and  lead^liaed  fittings  are  also  made  (see  page  1415) • 


Weights  and  Sizaa  of  Sheet  Lead 


1 

;   Thickness,  in... 

Lb  per  sq  ft 

1 

2\i 

Ho 
3 

Ha 

Me 
fair 

4 

H4 

5 

H2 
& 

H 
8 

zo 

H 

13 

H 

full 

14 

H 
16 

H    H 

20    24 

Tatlle  H.    TUdness  and  Stmgth  of  Lead  Pipes 


Mean 

Safe 

Mean 

Safe 

Cali- 

Weight 

Thick- 

bUTBtr^ 

work- 

■ 

Cali- 

Weight 

Thirkp 

burst- 

work- 

1      • 

ber. 

Mark 

per 

nesSi 

in^ 

ing 

ber^ 

Mark 

per 
foot. 

ness. 

ing- 

lOf 

in 

foot, 

• 

pree- 

pra^ 

■ 

in 

m 

pres- 

'  prts- 

aia 

lb    QZ 

AmA 

SUTfit 

sure, 

■ij 

lb  oz 

«At 

sure. 

sore. 

H 

lb 

lb 

z 

lb 

lb 

AAA 

I  12 

o.x8 

X  968 

492 

A 

4   0 

0.2Z 

m 

SI4 

H 

AA 

I    S 

0.15 

I  627 

406 

z 

B 

3    4 

0.17 

745 

J» 

H 

A 

I    2 

0.13 

X381 

347 

z 

C 

2    8 

O.I4 

S6a 

Z40 

H 

B 

X    0 

0.Z2S 

X342 

335 

z 

D 

2    4 

O.X2S 

Si8 

139 

H 

C 

0  14 

O.ZZ 

I  187 

296 

I 

£ 

2    0 

O.ZO 

475 

iiS 

H 

•  •  •  • 

0  10 

0.087 

z  085 

27X 

z 

•  •  ■  ■ 

I    8 

0.09 

3*5 

81 

M« 

■     a    •    ■ 

0   9H 

0.08 

775 

193 

zH 

AAA 

6  Z3 

0.275 

9fa 

240 

Mi 

AAA 

3    0 

0.2s 

Z787 

446 

zV4 

AA 

5  Z2 

0.25 

833 

aes 

H 

■  «  •  • 

2    8 

o.2a5 

I  65s 

413 

iH 

A 

4  " 

0.21 

«5 

Z7I 

H 

AA 

2     0 

o.x8 

Z393 

343 

zM 

B 

3  II 

0.17 

54» 

136 

H 

A 

X  ZO 

o.z6 

za85 

32Z 

zM 

C 

3    0 

0.13s 

4» 

IQS 

H 

B 

I    3 

0.Z25 

980 

245 

zM 

D 

a    8 

O.I2S 

350 

«7 

H 

C 

I    0 

o.xo 

782 

19s 

iM 

*  •  •  • 

a    0 

0.09s 

jaa 

80 

H 

D 

0    9 

0.06s 

46S 

ZZ7 

zHi 

AAA 

8    0 

0.29 

74» 

185 

H 

•  ■  ■  ■ 

0  10 

0-07 

556 

139 

iH 

AA 

7    0 

0.2s 

TOO 

TO 

H 

•    a    •    • 

0  X2 

0.09 

62s 

ZS6 

m 

A 

6    4 

0.22 

6eft 

157 

H 

AAA 

3    8 

0.23 

Z548 

387 

zV< 

B 

S    0 

0.18 

SC« 

12S 

H 

AA 

a  Z2 

0.21 

Z380 

345 

H 

C 

4    4 

o.zs 

49» 

le? 

H 

A 

2    8 

0.18 

X  15a 

388 

H 

D 

3    8 

0.14 

3IS 

ts 

H 

B 

2    0 

o.z6 

987 

246 

iH 

•  «  >  • 

3    0 

0.12 

245 

61 

H 

C 

I    7 

0.1x7 

795 

198 

iH 

B 

5    0 

•  k  •  ■ 

zx6 

H 

D 

z    4 

o.xo 

708 

Z77 

m 

C 

4    0 

>  •  »  • 

93 

H 

AAA 

4  Z4 

0.29 

X  462 

3fi5 

iH 

D 

3  10 

0.I2S 

3I« 

79 

H 

AA 

3    8 

0.32S 

X  225 

306 

2 

AAA 

10  It 

0.30 

«n 

W 

H 

A. 

3    0 

0.X9 

XO72 

268 

2 

AA 

814 

0.2s 

511 

m 

H 

B 

a   3 

Q.IS 

86s 

2Z6 

2 

A 

7    0 

0.2X 

«05 

101 

H 

C 

X   Z2 

0.Z25 

782 

19s 

2 

B' 

6    0 

0:Z9 

3(fe 

90 

H 

D 

z    3 

0.09 

50s 

Z26 

2 

C 

S    0 

0.16 

a6e 

cs 

I 

AAA 

6    0 

0.30 

z  230 

307 

2 

D- 

4    0 

0.09 

200 

50 

I 

AA 

4    8 

0.23 

9x0 

221 

•  ■  ■ 

»  •  •  * 

•  •  ■  • 

Wdcfat 


Sewer-Pipe 
Sixm  •(  Pur*  BfockFTia  Pipe 


141^ 


t 

Weight'  per  focfti 

Size  inside 

diameter 

in 

Weight  per  foot, 
lb 

4 

4.5.6 

4.  S.  6.  8 

4.  5.  6,  8 

5.  6, 9,  xo 
9.  I2r  i6 

H 

X 

xH 

a 

9. 12.  i6 

13,  l6 
30,28 

24  and  upwaitds 
3^  and  upwards 

Sewer-Pipe 

three  kinds  of  sewer-pipe  or  drain-pipe  offered  in  the  market,  (i) 

VITRinED  CLAY  PIPE,    (2)    SLIP-GLAZED  CLAY  PIPE  and  (3)   CEMENT 

ame  of  the  latter  sufficiently  indicates  what  it  fe  without  any  de- 
he  6LiP«eLAZEn  CLAY  PIPE  is  made  of  what  is  known  as  fire-clay, 
^rfck  day,  which  letains  its  porosity  when  subjected  to  the  most 

It  is  glazed  with  another  kmd  of  clay,  known  as  slip,  which,  when 
eat,  melts,  creating  a  very  thin  glazing,  and  which,  being  a  foreign 
i  THE  BODY  OF  THE  PIPE,  is  liable  to  wear  or  scale  off.  ,  Salt-glazed 
nade  of  a  clay,  which,  when  subjected  to  an  intense  beat,  becomes 
iss-llke.  It  is  glazed  by  the  vapors  of  salt,  the  salt  being  thrown 
aeby  creating  a  vapor  which  unites  chemically  with  the  day,  and 
g,  which  will  not  scale  or  wear  off,  and  is  impervious  to  the  action 
;,  steam,  or  any  other  known  substance.  It  unites  with  the  clay 
ner  as  to  form  part  of  the  body  of  the  pipe,  and  is  therefore 
Salt-glazed  pipe  can  only  be  made  from  clay  that  will  vitrify^ 
subjected  to  an  intense  heat  will  become  a  hard,  compact,  non-- 

It  should  be  borne  in  mind  that  sup-glazing  is  only  resorted  to 
.  are  of  such  a  nature  that  they  win  not  vitrify. 

i«i  of  Drain-Pipes  should  be  a  hard,  vitreous  substance;  not 
lis  would  lead  to  the  absorption  of  the  impure  contents  of  the  diain^ 
0  actual  strength  to  resist  pressure,  would  be  more  affected  by 
r  the  fonnation  of  crystals  in  coanectiDn  with  certain  chemical 
»r  would  be  more  susceptible  to  the  chemical  action  of  the  eon- 
^  dewerage. 

B  Should  be  Salt-Glazed,  as  this  requires  them  to  be  subjected 
i  intense  heat  than  is  needed  for  SLiP-GLAzm6,  and  thus  secures  a 
1.  Cement  pipes  made  without  metal  rdnforcement  have  not 
itly  stcong  and  durable  to  be  used  with  confidence  in  any  im- 
When  reinforced  .with  metal,  however,  they  have  ample  strength. 
Dement  eewer-pipes  of  huge  diameter  are  used  to  a  consideeable 
ye, 

ing  the  diameter  of  house-sewers,  the  table  on  page  1409  will 
j^ide.  Stonu'^ewersr  should  be  proportioned  to  the  area  drained. 
n  xaiAfalU^as  shown,  by  statistics,  i&  about  i  ia,p«E>lMHtfVi  except 
▼y  stoims,  equal  to  27  325  gal  per  hour  for  each  acre,  or  453  gal 
acre.  Owing  to  vaiious'  obstructions,  not  more  than  from  50  to 
Lfall  will  reach  the  drain  within  the  same  hour,  and  allowance 
f  for  tliie  fact  in  detennining  size  of  storm-sewer  re(|uired. 
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Carryiiif  Capacity  of  8ewer-PIp« 
Gallons  per  minute 


Size  of 
pipe. 

Fall  per  xoo  ft 

1 

in 

xin 

2in 

3  in 

6in 

9in 

I  ft 

2ft 

3ft 

3 

4 
6 

13 
27 
75 

19 

38 

105 

23 

47 

129 

32 

66 
183 

40 

81 

224 

46 

93 
258 

64 
131 
364 

79  1 
163  . 
4SD  } 

8 

9 
xo 

153 
205 
267 

216 
290 

378 

265 
355 
463 

375 
503 
755 

460 
6x7 
803 

527 
712 
926 

750 

x  eo6 
X310 

923 
xa«o 

1613 

xa 

IS 
x8 

422 

740 
X168 

596 

I  021 

X  651 

730 
1262 

2  023 

1033 
X8x8 
2860 

1273 
2224 
3508 

1468 
2464 

4045 

2076 
3617 
5704 

2554 

44»r 

7047 

24 

27 
30 
36 

2396 
4407 
5906 
9707 

3387 
6  2XZ 

8352 
13769 

4155 

7674 

X0223 
X6  8x6 

5874 
XO883 
14298 
23763 

7202 
13257 
17714 
29284 

8303 
15344 
20204 
33722 

"744 
2x771 
28129 

47523 

< 

14466 
26602 

3S5I3 
58406 

Quantitiw  of  Cement,  Sand  and  of  Cement  Mortar  for  Sew«r-Plpo  Joiiili 

Prepared  by  J.  N.  Hadehuist 
For  each  xoo  ft  of  sewer  (with  Portland  cement,  37$  lb  net  per  bU) 


Size  of 

Proportions: 

1  Cement  to 

. 

I  Sand 

2  Sand 

pipe, 
in 

Length, 
ft 

Mortar, 
cu  yd 

Pipe  per 

Pipe  per 

Cement, 

Sand. 

bbl 

Cement, 

Sand, 

bbl 

bbl 

cu  yd 

cement, 
linft 

bbl 

cu  yd 

cement, 
linft 

6 

2Vi 

0.003 

0.01248 

0.OO3OI 

803 

0.00655 

0.00052 

zx68 

8 

m 

0.038 

o.xsSoS 

0.02546 

633 

o.xofl^ 

0:03192 

923    1 

10 

2H 

0.058 

0.24x28 

O.Q3B86 

410 

o.x«S30 

0.04B72 

605 

X2 

2H 

0.069 

0.37024 

0.05963 

270 

0.25365 

0.07476 

394 

15 

2H 

0.123 

Q.51268 

0.06241 

195 

0.35055 

o.XD33a 

285 

x8 

2M 

0.167 

0.69472 

0.XI189 

144 

0.47S9S 

0.X40X8 

2X0 

20 

2H 

0.237 

0.98592 

0.15879 

XOI 

0.67545 

o:x99o8 

I4B 

24 

2H 

0.299 

t. 24384 

0.20033 

80 

0.852x5 

0.251x6 

in 

27 

3 

0.492 

2.04672 

0.32964 

49 

1.40220 

0.41328 

71 

30 

3 

0.548 

2.27966 

0.307x6 

44 

X. 56180 

0.46032 

6« 

36 

3 

0.849 

3.53184 

0.56683 

29 

2.41965 

0.7x3x6 

41 

Plumbing  Spedaltiet 

The  Kennoy  Flushometer.  This  is  a  gravity  valve  designed  for  ftoASa^ 
%]}  water-closets,  urinals  and  slop-sinks  in  a  buiMxiig  direct  from  one  tank 
situated  in  the  attic  or  where  most  desirable,  thus  dispensing  with  the  individiai 
overhead  tank.  The  pipe  from  the  main  tank  b  run  down  to  the  different  fioon 
dther  exposed  or  concealed  and  branches  taken  off  from  there  to  the  flnshoop 
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ipefatioa  ol  the  flusbometer  is  to  pull  the  handle  forward,  which 
ain  valve  off  its  seat,  making  a  direct  coonectkui  from  the  floahom* 
tank.  After  the  handle  is  released  the  valve  ckMes  skywly  of  its 
igaiDst  a  high  or  low  pressure.  It  is  constructed  without  springs 
ees  and  closes  by  gravity,  is  built  to  stand  the  hardest  service* 

simple  in  construction  and  operation  that  the  same  yalve  is  used 
ements,  the  only  differences  in  adjustment  being  those  necessary 

high  or  k>w  pressure.  The  flusbometer  is  extensively  used  for 
its  in  buildings  in  the  Eastern  States  including  many  large  office' 
:tories,  schools,  hospitals^  and  the  better  class  of  residences;  nho 
s  and  yachts. 

rhere  are  few  cities  in  which  the  public  water-supply  is  not  greatly 
wbolosomeness  by  being  filtered,  and  in  many  places  filtering  i» 
Kssaiy.  The  filter  should  be  large  enough  so  that  the  velocity  oi 
oing  through  it  wiU  be  low  and  it  should  be  so  artanged  that  thm 
can  be  reversed  and  the  accumulated  impurities  washed  into  % 
In  the  country  a  filter  suitable  for  rain-water  may  be  built  unr* 
e  filtering  process  being  accomplished  by  beds  of  sand  and  gmveL 
ling%  however,  a  portable  filter  located  in  the  basement  should  be 
Unary  sand  filter,  either  pressure  or  gravity,  will  clarify  water  oi 
I  impurities,  suitable  for  plunge-baths,  and  other  geneml  uses  in 
To  provide  a  perfectly  sterile  water,  however,  the  filter  must  be 
9oagulating  apparatus  to  automatically  feed  a  proportionate  doee 
0  the  raw  water.  Those  so-called  filters  which  are  made  to  screw 
e  of  an  ordinary  faucet  should  be  considered  merely  as  strainers, 
hat  purpose  they  soon  become  ioul. 

>iia  Water-Heatera  are  a  great  convenience  for  heating  water 
wash-basins  in  buildings  in  which  a  constant  supply  of  hot  water 
1,  and  especially  in  residences  where  the  cooking  Is  done  by  gas. 
idrical  in  shape,  made  of  nickd^plated  copper,  and  are  usually 
plated  shelf  attached  to  the  wall  dose  to  the  fixture  to  be  suppHed. 
in  in  diameter  and  50  in  high  will  heat  so  gal  of  water  in  eight 
Mt  of  iH  to  a  cts  with  gas  at  $1  per  i  000  at  ft.  A  large  line  of 
s  made  by  the  Instantaneous  Water  Heating  Company,  Rala- 
for  both  gas  and  gasoline,  although  gas  is  preferable  when  it 
he  cost  of  heaters  varies  from  $15  to  $45,  according  to  nze. 

tic  Water-Heater  which  maintains  water  at  any  desired  tern- 
t  attention,  provided  the  building  has  a  supply  of  live  steam,  is 
B.  Clow  &.  Sons,  the  supply  of  .steam  being  automatically  regU' 
aostat.  It  will  be  found  especially  desirable  in  hospitals,  hotels, 
es  and  public  institutions.  The  heater  is  made  in  four  sizes, 
»f  X  zoo,  2  joo,  4  000  and  6  500  gal  per  hour. 

Cellajr-Draiiiar  ^  is  a  simple  device  for  raising  water  from  6  ttf 
teotion  or  power,  except  a  supply  of  steam  or  water.  It  is  used 
draining^  oeUars,  wheel-pits,  furnace-pits,  etc.,  when  they  aiv 
into  the  sewer.  For  such  places  a  box  or  barrel  is  sunk  so  that 
rill  run  into  it,  and  the  drainer  is  set  in  this  receiver  and  the  dts- 
to  a  aink  or  open  drain.  The  drainer  performs  its  functions  by 
'  steam  under  pressure  through  the  drainer-point  or  jet,  thus 
a  which  draws  the  water  from  the  reoeiver  in  which  it  is  placed 
;e-plpe,  and  both  the  jet-water  and  cellar-water  are  discharged 

*  Manufactured  by  Jas.  B.  Clow  &  Sons. 
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together.  As  lotkg  as  the  city  water  or  steam  passes  through  the  dniner-p^ 
this  suction  and  discharge  oontinues.  The  supply  of  water  or  steam  is  tod 
on  or  off  automatioaliy,  so  that  there  is  do  consumption  of  dty  water  or  stew 
ezoept  when  the  drainer  is  removing  water.  This  drainer  will  operate  witb  i 
pressure  of  15  fb  or  more,  the  heavier  the  pressure  the  greater  the  amoimt  0 
dead  water  discharged.  When  the  dndnage^water  does  not  have  to  be  raiM 
more  than  10  ft,  this  is  the  most  economical  apparatus  that  can  be  used,  as  th 
amount  of  dty  water  consumed  is  very  small.  The  Ctimax  Dtaiaer  is  inade  ii 
six  siaeSy  costing  from  $35  to  $160. 

Sewage-Bjactment.  Mechanical  ejectment  of  sewage  is  resorted  to  in  csfe 
where  the  street-sewer  is  above  the  level  of  the  area  to  be  drained.  This  cos 
dition  is  found  principally  in  the  siubbasenMmt*doors  of  t^  bnildings,  unds 
ground  pdblic-comfott  stations  and  undergnMmd  paasenger^stations.  A  systa 
ti  mechanical  ejectment  consists  of  a  gravity  dminage-system  to  a  reoeiviil 
tank  or  sump  located  in  a  water-tight  pit  at  the  lowest  part  of  the  drainagi 
system,  and  a  pomp  or  conpressed-^air  ejector  to  mise  the  sewage  and  dbchuf 
it  into  the  street'^ewer.  There  are  three  types  of  apparatus  used  to  raise  sew 
age  to  ihe  street  sewers,  centrifugal  pumps,  piston-pomps,  and  oompressedii 
ejectors.  The  compressed-air  ejectors,  however,  are  commonly  used  owing  ti 
thehr  numeirous  advantages.  They  are  automatic  and  almost  noiseless  in  open 
tion,  are  perfectly  odorless,  and  have  but  few  working  parts  that  can  get  oS 
of  order.  Sewage-e^ectnent  apparattB  is  generally  installed  in  duphcaCe  a 
that  one  set  may  be  cut  out  of  service  for  deanmg  or  repairs,  without  intei 
rupting  the  dndnage-service. 

Plvnge-BctiiB 

An  Example  of  the  Constkuctiok  and  Details  of  a  Sicau.  PLrxci 
Bath  or  Swimmino-Baxh.  The  following  is  a  description,  with  iHustzatioos 
of  the  bath  in  the  house  of  the  Racquet  and  Tennis  Club  on  Forty>third  Stzed 
New  York  City-* 

"The  swimming-bath  has  inside  dimensions  of  15  by  22  ft  and  is  about  9 1 
In  total  depth.  It  was  built  in  a  pit  about  19  by  26  ft  and  about  8  ft  deep  bd« 
the  main  excavation,  which  was  blasted  out  of  solid  rock.  A  concrete  inva 
z  ft  or  more  in  thickness  was  laid  over  the  bottom,  serving  as  a  tooting  0 
which  the  12-in  walls  of  common  red  brick  were  laid  in  cement  They  m 
built  close  to  the  rough  vertical  faces  of  the  excavation,  and  the  spaces  befan 
them  were  filled  m\ih  concrete  or  cement  mortar  or  were  flushed  with  gmi 
Then  on  the  inner  surface  of  the  walls  and  on  top  of  the  concrete  bottom  finia 
a  waterproofing  of  six  layers  of  fdt  with  lapped  Joints  was  mopped  on  with  ho 
tar  and  flashed  around  the  iron  outlet-pipe,  which  also  had  a  wide  calked  ka 
flange  extending  between  the  layers  of  felt.  On  the  bottom  of  this  wster-fioi 
coat  an  8-in  inverted  segmental  flat  floor-ardi  of  common  bride  was  laid,  and  a 
its  skewbacks  4-in  vertical  brick  walls  were  built  agnhiift  the  water-proofed  ade 
The  bottom  was  then  lined  with  vitrified  white  tile  and  the  sides  were  faced  H 
English  white  enameled  brick.  The  tops  of  the  walls  w«re  coped  with  bevdl| 
and  molded  whit&4narble  slabs  which  are  about  3  ft  abov«  the  iloor-fevd  iri 
are  surmounted  at  one  side  and  one  end  by  a  low  heavy  rail  with  twisted  enri 
mental  posts^  all  of  brass.  A  similar  horizontal  hand-rail  is  carried  akmg  tf 
inside  wall  of  tlie  bath  just  above  water4evd  and  a  curved  brass  haodflA^ 

fastened  to  the  wall  above  the  narrow  brick-aad-maible  stairs  at  one  end.   H 

I 

*  The  illustrations  and  accompanying  descriptions  are  taken  by  perausDOB  inm  ■ 
FfPf"^"'»g  Record  of  Nov.  3, 190a 
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occuplo  one  cotner  of  tbe  raon  aid  it*  devUed  owriik  plal- 
itiidy  MioBB  it,  foiming  a  <li\iaB-fiktfoim  aiidch  b  nnijied  bf 
N-  AUtbwater4upplyis61taal>ndit  CMibeiniimaibyiD- 
ito  the  delivery-pipe  at  the  filter.  The  water  enters  Ihroufih  the 
end  of  t  a-tn  biau  iMpe  |Koi«ctiBS  >  f«o[  or  more  thnxigii  the 
[op  of  the  bnlkxnd  deKvering  t.  soHd  fft  luiiess  it  is  redyctd  by 
nUve  HI  is  foitned  into  i  bn-diaped  cascade  by  meaiiB  of  ■ 


^ 


^=^ 


!^^5^^ 


Rg-IS.   Flmwt-bith 

lich  can  be  tcrewpd  in  tiK  open  end  of  tie  pipe.  Ulien  tin 
td  >  small  tiresm  of  water  U  coaslanlly  admitted  and  uiues 
e  circulation  and  corresponding  ovcrilow,  and  the  entire  cod- 
i  out  and  the  bath  cleaned  every  two  or  three  days.  There 
ij  an  open  one  about  S  ft  above  the  bottom  and  a  valved  one 
L.  W.  EidlitE  was  tbe  architect  of  the  houK  and  the  water- 
e  by  the  T.  New  ConsUuetioD  Company." 

Figs.  14.  15  and  16  show  tbe  lynkbols  augeoted 
unbinx-wotk  on  plau 
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and  detaiU,  and  geneffally  accepted  for  the  purpose.    It  is  just  as  nece^i 
to  have  synib<^  to  show-windows,  doors,  steps,  partitions  and  other  m 


to  have  conventional  syinbols  to  indicate  piumbing-work  and  fizturas^ 


^ 


*« 


I*       V'       >«        i«        ^        »        ^ 

Wi * »      n W      %       » 


Symbol  for  lead  pipe 


Gold  Wftiw) 


-  Hot-WMOT  V  Fccdh- 
CireoUiltoa) 


Cold 


Id 

Symbol  for 

oast -Iron  pipe 


«-  CtrooUtioa) 
Symbols  for  water-pipes 


>  Salt- 


Glob*  Talve      Q«to-ralv«      PUia  view  I        Ch«dL-ralv« 

of  valve      Angla-valvo 
One-Une  symbols  for  vaiyea 


-tO»- 


Top  view  o^ 

valve 


8td«  tIow  of 
Globe  Yalva 


OSD 


Side  of 
Aa^a-Talre 


Gate-valve 


Flaaof  T- 


Fig.  14.    Symbols  (or  Plombtng-pipes  and  Vahcs 


tural  details  on  architectural  drawings.  Before  these  symbob  became  geaed 
used  there  was  no  uniformity  in  the  drawing  of  ptamfaiiig-planB»  and  thill 
of  standards  often  led  to  serious  confusion.    For  initanof,  if  pius  tnm  < 


Symbols  for  Flumbiog-Woik 
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I  were  examined,  tbe  chances  were  that  on  no  two  of  them  would 
ive  been  aUkc.    Further,  plans  prepared  in  the  same  office  at 


Tba.Ti«w  of  Side  rlew  of 

J«fw>kaadl«  ttop-oock     l«TW-hMrfl« 

«     stop-opek 


Syinbolfor 
fbooet 


End-viev 
of  CMietfr 


^I#l  II- 


FUiwTlowof 
drain  tnp 


p 


■    <8a«tioA 
to  pa  Jip 


Side  vfinbol  for 
dralii-te»p 


OO 

8'ioQ  tVea» 

BymboU  for  aoilMid 
vea WUok*  on  jImm 


lOl 


iction-taak 


Bymbdlfot 
MDH-dphoa.tnip 


'»lve 


Symbol  for 


ValTO 


Sjcnbol  for  meter 


t 


1 


iVt-IB- 


EloTAtion-iiTmbol  fOB 
a  water-beater 

Miscellaneous  Plumbing-iyinbob 


Sjmbol  for 
kot-water  tank 


Mie  set  of  plans  on  which  several  different  draughtsmen  had 
I  show  as  many  different  symbols  for  a  water-closet  or  lava- 
irorkmen  engaged  on  the  drawings.    That  was  rather  ooor 
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fiiaing  to  plnmben  who  bod  to  take  off  quantities  from  the  p*-— :  ioc,  alki 
Ike  qmbob  wtn  so  strat^e  and  bore  so  little  reaonUuice  la  ibe  iitata  a 
■pparatus  thit  some  of  tbem  were  liable  to  be  overlooked.     It  is  owing  to  thi 


uncertainty  when 

prkes  in  the  bids  submitted,  and  all  of  tl 
amount  ol  work  to  be  done.    Ta  avoid  OHifnsiTa  ■!■■ 
K*D(laidsvmhol*riKHiM  h*  and- 
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Nanma 


Bent  CollftiMed      Stretched 

Fig.  17.    ExpaMioo-joints 


u  of  SMI  and  W«sto«Steekt.  ht  tall  buikiii^i,  pnovukm  should 
the  sofl-fttacks  and  coBBections-  to  take  care  oi  tbe  expADoioti,  con- 
ttfcemeats,  swaying  and  other  novcments  cd  tbe  bdildiag.  Tbia 
B  no  inconiidenible  amonnt,  in  some  localities  the  aeUlquciit  ah>tte 

0  as  nnck  aa  5  in  when  the  feiiDdstk>n8  are  not  canied  to  bed-codb 
for  instance,  most  of  the  sky-sceapera  which  were  baih  on  coofr* 

indation-beds  are  out  of  plumb  and  lean  far  out  over  the  plumb- 
>unding  in  particular  leaned  so  that  the  top  was  30  in  outside  of 
:be  foundation.  '  Most  of  the  earlier  heavy  buildings  there  erected 

1  foundations  **  are  carried  on  jacks,  and  perfodlcaily  jacked  up  as 
kXMTS.  When  the  building  finally  comes  to  rest,  the  jacks  are 
j  the  wallfi  filled  in  with  masonry.  The  settlement  which  takes 
ange  in  such  buildings  from  3  to  5  in.  These  various  move- 
nsion,  contraction,  settlement,  racking  out  of  plumb,  also  sway- 

buildings  as  they  follow  the  sim  in  its  course  from  East  to 
)rove  destructive  to  steam-pipes  and  plumbing-pipe$  if  provision 
to  take  care  of  them.  Steam-pipes  always  have  expansion-loops, 
!y  recently  that  the  proper  attention  has  been  given  to  soil  and 

and  pipes;  and 
fter  as  many  as 
3set8  in  one  build- 
:en  thmugh  f atrity 
or  rigid  connec- 
remetfy  is  to  put 
ints  (Fig.  17)  in 
f  vent-rtac!:s  of 
s,  and  to  connctt  all  water-doscts  to  the  soit-pipcs  by  means 

collapsible  connections  which  wIH  stretch,  collapse,  or  stretch  on 
I  collapse  on  the  other,  according  to  the  stress  to  which  they  ars 
These  flexible  fittings  should  he  placed  as  dose  to  the  closets  aa 

should  be  used  also  in  connection  with  slop-sinks  and  inside  raiti* 
'  infdde  rain-leaders  the  number  of  opirugations  can  be  increttcd 
I  to  the  height  of  the  building.  Ordinary  stock  fittings  have  a 
lit  s  hi.  That  is»  th^r  will  stretch  about  i  in  and  coUapee  x  in. 
ers  in  tali  buildings,  however^  greater  range  than  that  ia  desirable, 
ions  would  be  sufficient  for  a  rain-leader  in  an  ordinary  buildinf 
ft  in  height;  then,  for  taller  buiklings,  it  is  well  to  allow  an  extcf. 
or  «ach  afdditioaai  100  ft  or  fraction  thereof.  The  flesibiUty  <jf 
can  be  seen  in  the  accompanying  illnstratbns  of  Fig.  17. 

in  Buildings.  Xinety-seven  per  cent  of  buildings  erected  have 
-construction,  and  the  floor-Joists,  when  they  dry  out,  shrink. 
Luse  of  many  thousands  of  closets  being  broken  annually,  and  the 

the  seal  at  the  doset-connectkm  of  those  which  are  not  broken, 
re  provided  with  a  flexible  fleor-flaage  or  fitting.  The  amount 
if  floor-beams  of  different  depths,  can  be  found  in  the  following 
id  from  information  furnished  by  the  United  States  Government, 
if  Agriculture,  Division  of  Forestry,  in  Bulletin  Xo.  10.  BerMea 
t  of  the  individual  tiers  of  joists,  there  is  the  multiple  shrink- 
,e  tiers  when  bearing-partitions,  supporting  the  joists  at  the 
building,  rest  on  sills  at  each  floor  which  are  laid  on  top  of 
tead  of  extending  down  through  to  the  plate  which  supports  the 

When  the  framing  is  properly  done,  there  is  only  the  shrinkage 
'  of  J^eams  to  take  into  consideration.    When  improperly  framedf 
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there  might  be  three  or  four  shdnkagea  affecting  the  top  floor  of  the  buikSiii 
Even  though  the  timbers  are  dry  and  seasoned  when  put  ln«  by  the  time  t| 
plasterers  are  through  the  joists  are  wet  and  swollen  from  the  Biaistuie  ia  U 
plaster  and  from  the  rain  which  saturates  the  timbers  before  the  buiktii^  is  a 
closed.  It  is  Mfe  to  assume,  thcDefore,  that  a  12-in  joist  will  shrink  abnat  ] 
In,  and  an  i8-in  joist  about  H  in. 


Table  of  Shrinkage  of  Timbers 

Depth  of  green 

Amount  lost  by 

Depth  of  timber 
when  dry,  in 

or  wet  timber, 
in 

shnnlcage,  4%. 
in 

6 

• 

0.34 

S.76 

8 

0.33 

7.68 

10 

0.40 

9.60 

xa 

0.48 

It.  53 

14 

0.56 

13.44 

16 

0.64 

15.36 

18 

0.73 

I7.a6 

30 

0.80 

xg.ao 

Floor-Connectiona  for  Water-Clotets.  No  water-closet  can  be  considen 
sanitary  which  depends  upon  a  putty^joimt,  slip-joint,  rigid-gasket  joint « 
rigid  connection  of  any  kind  for  a  Seal.  Improved  metai-to-metal  floor-flsngi 
now  cost  no  more  than  rigid-gasket  joints  formeriy  did,  and  they  are  fleribli 
water-tight,  will  remain  permanently  tight,  and  protect  the  ck»ets  from  bda 
broken  by  shrinkage  or  other  movement  of  the  building  or  piiMng.  The  od 
way  to  get  a  perfectly  sanitary  water-closet  is  to  specify  a  flexible,  metaiki 
metal,  closet  floor-flange  with  it. 

Bzpaarion  of  Hot-Water  Pipes.  'In  all  tall  buildings  expansson-loQi 
ought  to  be  placed  in  both  the  hot-water  and  the  circulation-pipes,  to  perd 
the  expansion  and  contraction  of  the  lines  without  injuiy  to  the  system.  Thil 
loops  are  usually  from  6  to  8  ft  long,  made  up  with  elbows,  and  extend  into  fl 
floor  of  the  building.  Generally  the  hot-water  and  ctrcuiation-pipes  are  w4 
ported  midway  between  loops  so  that  they  can  expand  both  up  and  down.  11 
length  that  water-pipes  will  expand  depends  upon  the  degree  to  which  they  si 
heated,  and  the  materials  of  which  the  pipes  are  made.  The  first  of  thefoBet 
ing  three  tables  gives  the  expansion  of  cast-iron  pipes,  the  second  the  expsoso 
of  wrought-iron  pipes,  and  the  third  the  expansion  of  brass  pipes. 


Bioaasion  of  Cast-iron  Pipes 


Temper- 
ature of  air 
when  pipe 

is  fitted, 
degrees  P. 


3a 

64 


Length  of 

pipe  tvhen 

fitted, 

ft 


xoo 

100 
100 


Length  of  pipe  when  heated  to 


315*  F. 

ft         in 


100      X 
xoo      X 

\cb      X 


S9 
36 

13 


36s"  F. 

ft         in 


xoo  1.96 
100  X.65 
100     1.43 


397*  p. 

ft  in 


100       3.30 

100      X.96 
100     1.73 


33»' 

ft 


F. 


XOO 

XOO 

XOO 


t.oa; 


Softening  Haid  Water 
Biptaaioa  of  WfmifM»Iroii  Ply* 
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Length  of 

pipe  when 

fitted, 

ft 

Length  of  pipe  when  heated  to 

ft 

in 

265*  p. 
ft         in 

297^  p. 
ft        in 

338' 

ft 

•p. 

in 

too 

100 

zoo 

xoo 

100 

too 

x.73 

1-47 

X.3I 

xoo       3.31 

100     1.78 
XOO     x.6x 

too     3.31 

xoo       3. 13 
XOO      X.87 

100 

xoo 
xoo 

3.70 

3.45 
3x9 

Expaasioii  of  Bivm  Pipe 

Length  oi 

>ipe  when 

fitted, 

ft 

Length  of  pipe  when  heated  to 

3I5'  P. 
ft         in 

a6s*P. 

ft         in 

297' P. 
ft        in 

338*  P. 
ft         in 

xoo 
xoo 
100 

xoo     3.58 

100       3  19 

XOO     i.8x 

xoo     3.X8 
100     3.79 
zoo     a.4X 

xoo     3- 56 
xoo     3-x8 
xoo     3.79 

xoo     405 
too     3.67 
xoo     3.28 

[ard  Water  for  Domestic  Use.    In  many  parts  of  the  country 

EMPOKARILY   HARD,   PERMANENTLY  BARD   Or   both   TEMPORARILY 

TTLY  HARD.  This  IS  due  to  the  fact  that  in  those  regions  the 
k  is  linxestone,  and  m  percolating  through  the  limestone  the 
riginally  was  soft,  dissolves  carbonates  and  sulphates  of  lime  or 
the  rock.  The  solvent  capacity  of  water  for  lime  and  magnesia 
I  the  water  is  cold  than  when  It  is  hot.  Therefore,  deep-well 
>ne-regions  is  usually  saturated  with  lime  or  magnesia,  and  when 
-tanks  or  boilers  the  point  of  saturation  is  lowered  and  lime  is 
liberated  in  the  form  of  hard  scale  or  incrustation.  The  effect 
ition  is  to  shorten  the  life  of  the  boiler  and  decrease  the  efficiency 
jle  in  use.    It  is  estinEiated  that: 


Ha -in  Ixme^scale 
H-in  lime-scale 
H-in  lime-scale 
^-in  lime-scale 
H-in  lime-scale 
94-in  Ume-^cale 


means  a  loss  of 
means  a  loss  of 
means  a  loss  of 
means  a  toss  of 
means  a  loss  of 
means  a  loss  of 


13%  of  fuel 
32%  of  fuel. 
38%  of  fuel. 
50%  of  fuel. 
60%  of  fuel. 
91%  of  fuel. 


i  probably  a  Httle  high,  but  making  due  allowance,  the  table 
w  the  loss  due  to  the  use  of  hard  water.  In  the  laundiy  the 
iption  of  soap  to  soften  hard  water  is  a  further  item  of  expense, 
t  z  lb  of  soap  to  soften  100  gal  of  moderately-hard  water, 
>  required  for  washing  after  the  water  has  been  softened, 
■nse,  hard  water  forms  an  insoluble  curd  when  washing  which 
larly  annoying  to  hotel-guests;  therefore,  it  is  advisable  to 
iter  for  large  hotel-buildings,  laundries  and  for  many  indus- 
Permanently  hard  waters  contain  sulphates  of  lime  or  nMS- 
lily  hard  waters  contain  carbonates  of  lime  or  magnesia. 
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Temporarily  and  pemuuNStly  hatd  waters  contaia  both  caiimnatcs  in^ 
sulphates  of  lime  or  magnesia.  Temp<N«rily  hard  waters  are  softoied  b] 
adding  lime-water  to  the  raw  water  to  remove  the  carbonates  of  hme.  TV 
is  known  as  the  Clark  Psocess.  Permanently  hard  waters  are  softcia 
by  the  Pokter  Process,  which  consists  of  adding  soda-ash  to  the  mr  vatti 
Stock  types  of  apparatus  are  manufactured  for  this  purpose,  and  may  be  hx 
with  capacities  of  any  required  amount. 

Heating  Water  with  Steam^Coila.  The  following  constants  will  be  foont 
convenient  for  proportioning  steam-coils  for  heating  water: 

W  »  gallons  of  water  to  be  heated. 

IT  -f-  lo  >  sq  ft  of  iron  pipe-coil  required  for  exhaust-steam. 

ff'  +  15  -  sq  ft  of  copper  pipe-coS  required  lor  exhaust-steam. 

W  X  0.07  >  sq  f t  of  iron  pipe-coil  for  5  lb  pressure-steam. 

W  X  0.045  i«  sq  f t  of  oopper  pipe-coil  for  5  lb  pressure-steam. 

W  X  0.05  -  sq  f t  of  iron  pipe-coil  for  25  lb  steam-pressure. 

W  X  0.035  "■  sq  ft  of  copper  pipe-coil  for  25  lb  steam-pressure. 

W  X  ao4  <«  sq  f t  of  iron  pipe-coil  for  50  lb  steam-pressure. 

W  X  0.25  —  sq  ft  of  copper  pipe-coil  required  for  50  lb  steam-pressure. 

W  X  0.03  -  sq  f t  of  iron  pipe-coil  required  for  75  lb  steam-pressure. 

W  X  0.02  «  sq  f t  of  copper  pipe-coil  required  for  75  lb  steam-preasuie. 

Capacity  of  Water-Backa.  The  average  size  of  water-back  having  aboi 
1 10  sq  in,  or  about  ^  sq  ft  of  exposed  surface,  wilt  heat  to  the  oidinaiy  tonpa 
ature  of  domestic  hot  water,  180**  F.,  about  21.  gaL  of  water  an  hour.  It  wi 
heat  about  17  gal  of  water  to  tHe  boiling-point' with  an  ordinary  fire.  With 
fire  such  as  is  used  for  roasting,  washing,  or  baking,  a  water-back  of  this  same  sii 
will  heat  about  25  gal  of  water  to  the  boiling-point,  or  27  gal  to  a  tempentm 
of  180^  F.  Wrought-iron  pipe  heating-coils  will  heat  from  30  to  40  gal  of  will 
under  the  same  conditions,  and  copper  pipes  will  heat  from  45  to  60  gal  per  bM 
lor  each  square  foot  of  surface  exposed  to  the  fire.  In  calculating  the  heatir 
capacity  of  water-backs  or  coils,  the  average  tempefature  of  the  water  is  tilce 
Thus,  if  water  at  60°  is  heated  to  200*  F.,  the  average  temperature  of  the  witi 
would  be  (60  -|-  200)  H-  2  -■  130*  F.,  and  the  range  of  temperature  throu^  vIm 
it  is  heated  would  be  200  —  60  »  140*  F. 

Value  of  Pipe-CoYering.  Hot-water  pipes  and  hot*w«tfsr  tenks  efa 
uncovered  lose  by  radiation  from  their  surface  about  13  heat-units  per  mintf 
per  square  foot  of  surface.  To  prevent  this  loss  of  heat  and  consequent  exb 
consumption  of  coal,  hot-water  pipes,  circulation-pipes  and  hot-water  tuksl 
large  institutions  are  generally  covered  with  some  non-heat-conducting  mateni 
The  value  of  pipe-covering  is  not  proportional  to  its  thickness.  Sectional  pv 
coverings  average  about  iH  in  in  thickness  and  reduce  the  loss  by  nuliati 
about  90%.  Doubling  the  thickness  of  pipe-covering  saves  tmly  about  anotk 
5%  of  heat4oss.  In  specifying  covering  for  pipes  and  boilers*  tbeiefoie,  a  tiM 
nessoliH  in  will  be  sufficient.  Carbonate  of  magnesia  is  a  veiy  poor  ooodoil 
of  heat.  Therefore,  it  is  a  good  material  for  covering  hot-water  pipes.  Cuhl 
ate  of  lime,  on  the  other  hand,  b  not  a  good  covering  material,  althooA 
often  masquerades  as  carbonate  of  magnesia.  When  magnesia  pipe-coveotf 
specified,  thecefore.  it  is  well  to  require  a  oompoaitkMi  containing  from  80 1»9| 
ol  magnesia,  and  require  a  test  to  be  made  at  the  expense  of  the  contractoc^J 
by  a  chemist  named  by  the  architect.  The  folbwing  coverings  are  the  8 
gaaterials  for  hot-water  pipes,  in  the  order  in  whkh  they  are  ntmed.  Koopi^ 
Cock»  Magnesia,  Asbestos  Air-Cell  and  Imperial  Asbestos. 


Ilhiininatiiig«Gts  1431 

(3)  ILLUMmATIHO-OAS  AUD  QkS^VWmQ* 

(  of  Gas.  Five  varieties  of  gas  are  now  commonly  used  icr  light- 
ting,  name\y: 

3t8,  wiiich  is  made  by  heating  bitunrinons  ooal  in  axr-tight  cetorts. 
ooost  common  variety  of  gas  fumtsbed  for  the  lighting  of  cities  and 

'QtB,  which  is  made  usually  from  anthracite  coal  and  steam,  and 
nsively  used  in  Eastern  cities.  Gas  made  by  this  process  contains 
han  good  coal-gas,  and  consequently  does  not  give  as  bright  a  light, 
)ums  perfectly  in  heating-burners.  When  used  for  fighting  purposes 
i  in  carbon  by  vaporizing  a  quantity  of  petroleum  by  heat  and  in- 
to the  hot  gas  before  it  leaves  the  generator.  Pure  water-gas  is 
las  less  odor  than  coal-gas. 

\X  Gas  is  obtained  from  holes  or  wells  which  are  drilled  in  the  ground, 
where  it  can  be  obtained  it  furnishes  cheap  light  and  fuel.  The 
btained  in  the  hard-coal  regions  develops  more  heat  per  cubic  foot  in 
.  any  otlier  kind  of  gas  except  acetylene.  Natural  gas  is  usually  under 
ure  in  the  street-mains  and  house-pipes  than  manufactured  gas. 

inM^as.  Used  almost  exchisively  for  th€t  lighting  of  isolated 
for  public  buildings  in  towns  or  cities  where  there  is  no  public  gas- 
commonly  generated  on  the  premises.  It  is  formed  by  bringing 
Udum  carbide  in  contact.  Calcium  carbide  is  produced  by  the 
ion  of  coke  and  lime.  It  is  now  a  commercial  article  produced  in 
ies  and  sold  at  a  moderate  price.  It  is  a  very  hard  substance  like 
has  a  very  slight  odor,  will  not  bum  or  explode,  and  can  be  handled 
ity  with  perfect  safety.  The  fact  that  carbide  begins  to  disintegrate 
icetylene  at  the  sK^htMt  touch  of  mofature  makes  it  practicable  to 
gas  in  small  quantities  for  single  buildings. 

G«ieiati]ic  Acetyleiie-Oas.  The  satisfactory  production  of  acety- 
ires  a  generator  which  shall  feed  carbide  of  sQfficieQt  size  and  weight 
1  a  sufficient  d^th  under  the  water  in  the  generator-chamber  to 
is  and  proper  washing.  The  carbide-chamber  must  be  so  arranged 
1  that  no  gas  can  return  to  it  to  be  wasted  when  the  chamber  is 
lertneate  the  house  with  its  smell.  It  must  feed  carbide  loosely 
imaU  quantities,  in  order  to  provide  for  perfect  coolness  by  free 
er  to  all  of  the  carbide.  It  must  work  automatically  and  with 
ainty.  Acetylene-^as  to  be  pure  must  be  thoroughly  washed. 
lene,  as  with  any  other  illuminating-gas,  means  a  discoloration  of 
ninished  illuminating  power,  clogging  of  pipes  and  burners  with 
•ther  foreign  matter,  and  smoky  burners,  causing  blackening  of 
amished  and  soiled  woodwork  and  upholstery.  It  is  now  gener- 
lat  the  requirements  above  outlined  can  be  attained  only  by  a 
Ihe  phinger>type.  Portable  generators  which  may  be  set  in  the 
nent  of  any  building  are  manufactured  in  great  variety;  it  is  esti- 
o  ooo  Boetylene-gas  generators  are  now  in  use  in  the  United  States, 
le  in  siaes  of  5,  10,  15,  20  and  up  to  500-ligfats  capacity.  In  all 
jping'  carbide  into  water  there  should  be  a  connection  open  from 
elding  receptacle  to  the  safety-vent  run  out  of  doois  from  the 
t  is  cbumed  that  for  a  given  degree  of  illumination,  acetylene  is 
dollar  gas.    A  large  residence  may  be  lighted  for  about  $2.50  a 

teb  alsOk  lightliig  and  lUumiaation  of  BuiUkgs,  psgs  Z4^7* 
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month.  To  develop  the  full  Ulttminatlkig  power  of  the  gas  k  is  necessuy  td 
use  a  burner-tip  having  the  thinnest  slit  obtainable,  the  illuminating  power  d 
the  gas  being  about  fifteen  times  that  of  coal-gas,  for  the  Mme  consumption. 
The  light  is  a  clear  white,  very  nearly  resembling  sunlight  in  color  and  M- 
fusivenesa,  with  none  of  the  red  of  the  incandescent  lanq)^  the  orange  of  the 
ordinary  gas-flame,  or  the  green  tone  of  the  incandescent  mtatle;  and  it  posEesM 
the  quality,  unique  among  artificial  illuminants,  of  reproducing  even  the  mosl 
delicate  shades  of  color  as  faithfully  as  sunlight.  Even  when  used  with  mantk- 
burners,  as  it  may  be  with  great  economy,  acetylene-light  presents  a  strong  &■ 
similarity  from  ordinary  gas  under  the  same  conditions.  Acetylene  corrode! 
silver  and  copper,  but  does  not  affect  brass,  iron,  lead,  tin,  or  zinc.  A  govern- 
ment specification  for  a  complete  apparatus  for  acetylene-gas  was  published  is 
Engineering  News  of  Feb.  4,  1904. 

(5)  GasoUne-Gaa  is  a  mixture  of  gasoline  vapor  with  air.  It  is  never  piped 
but  is  generated  close  to  the  burner,  and  is  seldom  used  for  lifting  eicept  f« 
street  stands,  and  the  like.    It  is  much  used  for  fuel,  however. 

Gasoline  changes  from  the  liquid  to  the  gaseous  form  under  ordinar/  atiDo» 
pheric  pressure,  at  temperatures  above  40"  F.,  the  evaporation  being  iry  skn 
at  40^  quite  rapid  at  70^  and  furious  at  212*.  If  a  tank  containing  liquid  gas> 
line  is  left  open  to  the  air,  the  liquid  will  all  pass  away  in  the  form  of  gas. 

Although  generally  considered  dangerous,  it  Is  <mly  to  when  careksshr  a 
ignorantly  handled.  To  produce  x  000  cu  ft  of  gas  of  gixMt  quality  lequiNi 
about  4>4  gal  of  the  best  gx«de  of  gasoline.  An  ardlnaiy  boner  ooosmM 
about  5  cu  ft  per  hour. 


Piping  a  Qouae  for  Oaa^f 

General  Princiidet  and  Requirementa.  Ordinary  wtought-iron  pipe,  sud 
as  is  used  for  steam  or  water,  is  suitable  and  proper  for  all  kinds  of  saa 
Galvanized  malleable-iron  fittmgs,  in  distinction  from  plain  iron,  are  vo] 
superior.  The  coating  of  zinc  inside  and  out  effectually  and  permanai£l] 
covers  all  blow-holes,  makes  the  work  solid  and  durable,  and  avoids  the  n 
of  perishable  cement.  Before  the  pipe  is  phured  in  positkm  it  shouU  h 
looked  and  blown  through.  It  is  not  infrequently  obstructed,  and  this  pic 
caution  will  save  much  damage  and  anno3rance.  What  b  known  as  gas-fittoa 
cement  never  should  be  used.  It  cracks  off  easily,  in  warm  places  it  will  bA 
and  it  can  be  dissolved  by  several  different  kmds  of  gas.  Nothing  but  soft 
metals  is  admissible  for  confining  gas  of  any  kind.  When  pipes  under  flooc 
run  across  floor-timbers,  the  latter  should  be  cut  into  near  their  ends,  or  lAtn 
supported  on  partitions,  and  not  near  the  middle  of  spans.  It  b  evident  ikii 
a  lo-in  timber  notched  2  in  in  the  middle  b  no  stronger  than  an  ft-in  timbd 
All  branch  outlet-pipes  should  be  taken  from  the  sides  or  tops  of  running  has 
Bracket-pipes  should  run  up  from  below,  and  not  drop  from  above.  Never  dropi 
center  pipe  from  the  bottom  of  a  runnuig  line.  Always  take  such  outlet  from  tfc 
side  of  the  pipe.  The  whole  system  of  piping  must  be  free  from  low  pbccsi 
traps,  and  decline  toward  the  main  rising  pipe,  which  should  run  up  In  a  paitioe 
as  near  the  center  of  the  building  as  is  practicable.  It  b  obvious  that  where  p 
is  distributed  from  the  center  of  a  building,  smaller  running  iinea  of  pipe  wiBV 
needed  than  when  the  main  pipe  runs  up  on  one  end.    Hence,  timbers  wiB  K 

•  Circulnr  »«up<1  hv  tlie  Gilbert  &  Barker  Manufacturing  Company. 
1  See.  also,  Ligfatng  and  Illumioatioa  of  Buikfiaga  pagn  1437  to  1456. 
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deep  cutting*  and  the  flovr  of  gas  wttt  be  more  tegular  and  even.    For 
eason  in  large  buildings,  more  than  one  riser  may  be  advisable.    When 
;  has  different  heights  of  post,  It  is  always  better  to  have  an  in- 
rising  pipe  for  each  height  of  post,  than  to  drop  a  system  of  piping 
igher   to  a  lower  post,  or  to  grade  to  a  low  point  and  establish 
.     Drip-pipes  in  a  building  should  always  be  avoided.    The  whole 
piping  should  be  so  arranged  (hat  any  condensed  gas  will  flow  back 
he  systein  and  into  the  service-pipe  in  the  ground.    All  outlet-pipes 
ao  securely  and  rigidly  fastened  in  position  that  there  will  be  no  possi- 
heir  moving  when  the  gas-fixtures  are  attached.    Center  pipes  should 
solid  support  fastened  to  the  floor-timbers  near  their  tops.    The  pipe 
i  securely  fastened  to  the  support  to  prevent  lateral  movement    The 
i  must  be  perfectly  plumb,  and  pass  through  a  guide  fastened  near  the 
d  the  timbers,  which  will  keep  them  in  position  despite  the  assault 
s,  masons  and  others.    In  the  absence  of  express  directions  to  the 
.  outlets  for  bradcets  should  generally  be  5  ft  6  in  h!gh  from  the  floor, 
tat  it  is  usual  to  put  them  6  ft  high  in  halls  and  bath-rooms.    The  uprighf 
mid  be  plumb,  so  that  the  nipples  that  project  through  the  walls  will  be 
lie  nipples  should  project  not  more  than  H  in  from  the  face  of  the 
g.    Laths   and  plaster  together  are  usually  M  in  thick;   hence  the 
ihould  project  iH  in  from  the  face  of  the  studding.    Drop  center  pipes 
project  iH  in  below  the  furring,  or  timbers  if  there  is  no  furring^  whert 
>wn  that  there  will  be  no  stucco  or  centerpieces  used.    Where  center- 
re  to  be  used,  or  where  there  Is  a  doubt  whether  they  will  be  or  not, 
e  drop-pipes  should  be  left  about  a  foot  below  the  furring.    All  pipes 
roperiy  fastened,  the  drop-pipe  can  be  safely  taken  out  and  cut  to  the 
igth  when  gas-fixtures  are  put  on.    Gas-pipes  should  never  be  fJac^  on 
toms  of  floor-timbers  that  are  to  be  lathed  and  plastered,  because  they 
rcessible  in  the  contingency  of  leakage,  or  when  alterations  are  desired, 
(-fixtures  are  insecure.    The  whole  .system  of  piping  should  be  proved  to 
ind  gas-tight  under  a  pressure  of  air  that  will  raise  a  column  of  mercury 
;h  in  a  glass  tube.    The  pipes  are  either  tight  or  they  leak.    There  b  no 
ground.    If  they  are  tight  the  mercury  will  not  fall  a  particle.    A  piece 
;r  should  be  pasted  on  the  glass  tube,  even  with  the  mercury,  to  mark  its 
while  the  pressure  is  on.    The  system  of  piping  should  remain  under 
r  at  least  a  half-hour.    It  should  be  the  duty  of  the  person  in  charge  of 
istruction  of  the  building  to  thoroughly  inspect  the  system  of  gas-fitting; 
as  much  so  as  to  inspect  any  other  part  of  the  building.    He  should  know 
3ersonal  observation  that  the  specifications  are  complied  with.    After 
satisfied  that  the  mercury  does  not  fall  he  should  cause  caps  on  the  out- 
be  loosened  in  different  parts  of  the  building,  first  loosening  one  to  let 
lir  escape,  at  the  same  time  observing  if  the  mercury  falls,  then  tightening 
repeating  the  operation  at  other  points.    This  plan  will  prove  whether  the 
are  free  from  obstruction  or  not.    When  he  is  satisfied  that  the  whole 
s  properly  and  perfectly  executed,  he  should  give  the  gas-fitter  a  certificate 
t  effect. 

i  following  requirements  from  spedfications  published  by  the  Denver  Gas 
lectric  Company  are  worthy  of  attention.  Always  use  fittings  in  making 
;  do  not  bend  pipe.  Do  not  use  unions  in  concealed  work;  use  long  accevs 
lit-and-left  couplings.  Long  runs  of  approximately  horizontal  pipe  must 
nly  supported  at  short  intervals  to  prevent  sagi^ng* 
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Jtulea  umi.  TMm  lor  I^Dvortraiiiag  Sioet  <of  H»ii— ■  Pipes  lor  Gas*t 

Rules  Governing  Sizes  of  Gas-Pipes.  Tlie  table  on  page  x^iS  is  baad 
on  the  well-known  formula  for  the  flow  of  gas  through  pipes.  The  Crktioi, 
and  therefore  the  pressure  necessary  to  overcome  the  friction,  increases  «itk 
the  quantity  of  gas  that  goes  through,  and  as  the  aim  of  .the.  table  is  to  have 
the  loss  in  pressure  not  exceed  Mo  in  water-pressure  in  30  ft.  the  size  of  the  pipe 
increases  in  going  /rom  an  extremity  toward  the  metci;  as  each  section  has  a 
Increasing  number  of  outlets  to  supply.  The  quantity  of  gas  the  piping  suy 
be  called  on  to  pass  through  is  stated  in  terms  of  H-'va.  outlets,  instead  oi 
cubic  feet,  outlets  being  used  as  a  unit  instead  of  burners,  because  at  tbe 
time  of  first  inspection  the  number  of  burners  may  not  be  definitely  determined. 
lu  making  the  table,  each  H-in  outlet  was  assumed  to  require  a  supgiy  el  10 
c  J  ft  per  hour.    In  using  the  table  observe  the  following  rules:  t 

(i]  No  house-riser  shall  be  less  than  H  in*  The  house-riser  b  considered  ta 
extend  from  the  cellar  to  the  ceiling  of  the  first  story.  Above  the  ceiling  xk 
pipe  must  be  extended  of  the  same  size  as  Xhc  riser,  until  the  first  branch  liseii 
taken  off. 

(2)  No  house-pipe  shall  be  less  than  H  in.  An  extension  to  ezistine  pipipi 
may  be  made  of  M-in  pipe  to  supply  not  more  than  one  outlet,  provided  said 
pipe  is  not  over  6  ft  long. 

(3)  No  gas-range  shall  be  connected  with  a  smaller  pijjK  tfaan  94  in. 

(4)  Id  figuring  out  the  size  of  pipe,  always  start  at  the  extremities  of  thi 
^stem,  and  work  towaxd  the  meter. 

(5)  In  using  the  table,  the  lengths  of  pipe  to  be  used  in  each  case  are  tin 
lengths  measured  from  one  branch  or  point  of  juncture  to  another,  di&rcgudoi( 
elbows  or  turns.  Such  lengths  will  be  hereafter  spoken  of  as  SEcnasiS.  N( 
change  in  size  of  pipe  may  be  made  wcept  at  bcanches  or  outlets,  each  sectia 
therefore  being  made  of  but  one  size  of  pipe. 

(6)  If  any  outlet  is  larger  than  H  in  it  must  be  counted  as  more  than  00^  ii 
accordance  with  the  schedule  below: 

Size  of  outlet,  inches H     H    t     iH    zH     a    aH    3      < 

Value  in  table. «     2      4      7    11     16    28    44    64    ic 

(7)  If  the  exact  number  of  outlets  given  cannot  be  found  in  the  table,  tafc 
the  next  larger  number. 

(8)  If,  for  the  number  of  outlet^  given,  the  exact  length  of  the  section  whid 
feeds  these  outlets  cannot  foe  found  m  the  table,  the  next  larger  length,  oont 
spending  to  the  outlets  given,  must  be  fsdcen  to  determine  the  size  of  pipe  n 
<}uired.  Thus,  if  there  are  eight  outlets  to  be  fed  through  55  ft  of  pipe,  the  kogtl 
next  larger  than  55  in  the  eight-outiet  line  in  the  table  is  xoo,  and  as  this  is  i 
the  iH-in  column,  that  siae  pipe  would  be  required. 

(9)  For  any  given  number  <rf  otttlets,  do  not  use  a  smaller  siae  pipe  than  th 
sm^iest  size  that  contains  a  figure  in  the  table  for  that  number  of  oatkts 
Thus,  to  feed  15  outlets,  no  smaller  size  p^  than  z  in  may  be  used,  no  matte 
bow  short  the  flection  may  be. 

(10)  In  any  piping-plan,  in  any  continuous  run  from  an  extremity  to  tl 
meter,  there  may  not  be  used  a  longer  length  of  any  size  pipe  than  found  in  tk 
table  lor  that  size,  as  50  ft  for  H  in,  70  ft  for  i  in,  etc-  If  any  one  section  ww^ 
ckoeed  the  limit  length,  it  must  be  made  of  larger  pipe.    Thus.  6  outlets  ood 

*  The  Denver  Gas  and  Cacctric  Covpafiy. 

t  Set,  also,  Lightiog  and  Illumination  of  Buildings,  pagm  1437  to  1456 
i  With  the  exception  of  tsrpographical  changes  made  to  coofonn  to  Uie  rest  «f  ^ 
base,  these  rules  are  quoted  litendly.    £ditor-in-chieL 
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rough  75  ft  of  i-in  pipe,  but  iH  in  would  have  to  be  use4 
uccessive  sections  work  out  to  the  same  size  of  pipe  and  t 

exceeds  the  longest  length  in  the  table  for  that  size  pipe, 
t  the  meter  of  the  next  larger  size.  For  example,  if  we  hi 
tplied  through  45  ft  of  pipe  and  these  5  and  5  more,  n 
t  30  ft  of  pipe,  we  should  find  by  the  table  that  10  outlet 
quire  i-in  pipe,  and  that  5  outlets  through  45  ft  would  al 

as  the  sum  of  the  two  sections,  30  plus  45  equals  75  ft, 
mt  of  X  in  that  may  be  used  in  any  continuous  run,  the 

one  nearer  the  meter,  iP"«t  be  made  of  i  K-in  pipe.    Th 
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tbn  of  the  limit  in  length  of  aoy  one  use  in  a  continuous  nin  may  also  be  shovn 
as  foUows:  Eight  outlets  will  allow  of  13  ft  of  H-in  pipe  in  the  section  betwem 
the  eighth  and  ninth  outlet  (counting  from  the  extremity  of  the  system  toward 
the  meter),  provided  that  this  13  ft  added  to  the  total  length  of  H-\n  pipe  that 
may  liave  been  used  between  the  extremity  of  the  run  and  the  eighth  outlet 
does  not  exceed  50  ft,  which,  according  to  the  table,  is  the  greatest  length  of 
94  in  allowable  in  any  one  branch  of  the  system.  Therefore,  up  to  the  eighth 
outlet,  37  ft  of  H-in  pipe  could  have  been  used,  and  yet  allow  13  ft  of  94  in  to  be 
used  in  the  section  between  the  eighth  and  ninth  outlet.  If  more  than  37  ft 
had  been  used,  then  the  entire  13  ft  between  the  eighth  and  ninth  outlets  would 
have  to  be  <^  i-in  pipe. 


i>r'A      1' 


7 


19' 


Fig.  18.    I>lagram  of  Gas-piping 

(ii)  Never  supply  gas  from  a  smaller  size  of  pipe  to  a  larger  one.  If  wc  bav 
25  outlets  to  be  supplied  through  200  ft  of  pipe,  and  these  25  and  5  more,  makin 
30  in  all,  through  100  ft  of  pipe  we  should  find  by  the  table  that  25  oadd 
through  200  ft  would  require  2H-in  pipe,  and  30  outlets  through  100  ft  wad 
require  24-in  piping,  but  as  under  this  condition  a  2-in  pipe  would  be  sapfiipn 
a  2H*in  pipe,  the  loo-ft  section  must  be  made  2\i  in.  The  sixes  of  pipes  In  f\ 
XS'§H  in  accordance  with  the  foregoing  rules  and  the  table. 
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LIGHTING  AND  ILLVMINATION  OF  BUILDINGS* 

By 

W.  H.  TIMBIE 

ASSOCUTE    PROJTESaOR    Of    ELECTRICAL    ENGINKSSING,    MASSACHUSSm    INSTITUTE    OY 

TECHNOLOGY 

Genertl  Prindplet.  Objects  are  illuminated  for  the  sole  purpose  of  malLing 
(hem  visible  to'the  eye.  The  eye,  then,  is  the  natural  starting-point.  When 
passing  upon  %h$  merits  of  any  scheme  of  ordinary  illumination,  that  which 
ihould  mark  it  as  a  success  or  failure  should  be  the  general  effect  of  the  scheme 
«pon  the  eye.  Sueeeas  should  be  measured  largely  by  the  degree  of  clearness 
with  which  the  objects  are  perceived  by  the  eye,  as  to  shape  and  color.  If  cer- 
tain parts  of  a  room  or  street  are  too  brilliantly  lighted,  objects  in  the  dimmer 
portions  are  not  perceived  by  the  eye.  If  a  certain  side  of  one  object  is  too 
loghly  illuminated,  the  general  shape  of  the  object  is  lost,  as  the  eye  does  not 
leadily  perceive  its  more  dimly  lighted  parts.  This  is  because  the  eye  auto- 
natically  adjusts  itself  to  the  most  brilliantly  lifted  area  within  its  view,  and» 
locordingly,  b  out  of  adjustment  for  perceiving  the  rest.  We  should  get  rid  of 
ihc  idea,  therefore,  that  a  light  of  intense  brilliancy  is  the  thing  to  be  sought 
It  is,  in  general,  highly  undesirable.  A  xoom  may  appbak  brilliantly  ugbted 
nd  yet  objects  looked  at  may  not  be  sufficiently  weH  xlltjuxnated  for  reading 
r  for  working  purposes.  The  lights  appear  brilliant  to  the  eye,  but  because 
hey  throw  their  strongest  rajrs  in  other  directions  than  those  in  which  they  are 
eeded  for  use,  they  do  not  give  efficient  illumination. 

Distinction  between  Light  and  IDttniination.  There  is  not  only  a  great 
ifference  between  upHT  and  illumination,  but  there  is  a  great  difference  be- 
ireen  a  brilliantly  lighted  room  and  a  well-illuminated  one.  When  anybody  is 
iked  whether  a  room  is  well  illuminated  or  not,  the  chances  are  ten  to  one  that 
;  at  once  looks  at  the  light  itself.  If  the  light  appears  to  him  to  be  brilliant  and 
uzling,  he  will  invariably  say,  ''Why,  of  course,  the  room  is  well  lighted."  He 
lould  first  look  away  from  the  light  at  the  objects  around  the  room  or  linder- 
ath  the  light.  If  these  cai\  be  seen  clearly  and  easily,  then  the  room  is  well 
LUiONATED.  Afterwards  he  should  look  at  the  lights  themselves,  and  if  they  ap-' 
ar  soft  and  pleasing  to  his  eyesight  the  room  is  well  ugrted.  A  room  in  which 
e  lights  appear  soft  to  the  eye  and  yet  in  which  the  eye  can  distinguish  objects 
airly  is  both  well  lighted  and  well  illuminated.  A  room  in  which  the  objects 
pear  clear  to  the  eye  while  the  lights  remain  dazzling  is  well  illuminated  but 
dly  lighted.  A  room  in  which  the  lights  appear  soft  to  the  eye  and  the  objects 
t  clearly  illuminated,  b  well  lighted,  but  badly  illuminated.  A  room  in  which 
I  lights  appear  dazzling  to  the  eye  and  the  surrounding  objects  or  those  under- 
Lth  appear  not  clear  to  the  eyesight  is  both  badly  lighted  and  badly  illuminated. 

ajdom  in  good  artificial  illumination  is  to  keep  the  illumination  of  objects  as 
yog  as  is  necessary,  but  the  intensity  or  brilliancy  of  the  lights  as  low  as  pos- 
le.  By  doing  the  first  we  enable  the  eye  to  see  better;  by  doing  the  second  we 
.ble  the  eye  to  feel  better  and  suffer  less  from  temporary  discomfort  or  per- 
oent  injury.  It  is  not  generally  imderstood  that  a  light  which  is  dazzling  and 
Gant  to  the  eyesight  may  not  be  giving  as  much  illumination  as  another 
nee  of  light  which  appears  soft,  or  even  dim,  by  comparison.  Thus  an  open 
K^t  is  more  dazzling  than  an  enclosed  light,  but  is  less  efficient  In  ilhmii- 

*  See,  also,  lUuminating-Gu  and  Gas-Piping,  pages  1431  to  1436. 
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Dating  a  room.  The  problem,  then,  resolves  itself  into  two  parts.  The  first  itq) 
should  be  to  secure  a  kind  of  lamp  which  will  cause  objects  to  iqjpear  in  tlxir 
accustomed  colors;  that  is»  the  colors  in  which  they  appear  by  sunlight  1^ 
second  is  to  so  distribute  the  ktrnps  that  the  several  illuminated  surfaces  rectiv* 
their  share  of  the  light,  and  yet  no  bright  light  is  thrown  directly  into  the  eyes 

Nature  of  Light.  All  space  is  supposed  to  be  filled  with  a  medium  infinitdi 
lighter  than  air,  called  etser.  The  sensation  of  light  b  experienced  when  oettati 
wave-motions  in  this  ether  are  transmitted  to  the  eye.  These  wave-motioos  oi 
called  LIGHT- WAVES.  Light-waves  dififer  from  one  another  in  length  and  viokooe 
The  DIFFERENCE  w  LENGTH  causes  a  difference  in  color.  Thus  short  waves  m: 
be  blue  or  violet,  while  longer  waves  may  be  red  or  orange.  If  we  have  a  sooro 
of  light  which  sends  out  long  ether-waves,  we  may  expect  a  predomiBaocc  oi  m 
and  orange  light  in  it.  The  sunlight  contains  waves  <^  practicaUy  all  lengths  aa 
thus  b  composed  of  all  colors.  The  difference  in  violence  of  the  waves  {ive 
rise  to  a  difference  in  intensity  of  the  light.  When  these  light-waves  strike  an 
object,  they  are  partiy  reflected  and  partly  absorbed.  Sulxstances  differ  vidd 
as  to  the  percentage  of  light  they  absorb  and  the  peroeotage  they  reflect  1 
two  objects  are  illuminated  by  the  same  amount  of  Ught,  the  one  whkh  abioii 
the  less  light  and  reflects  the  more  will  appear  tiie  brighter.  Some  objects  nAei 
light-waves  of  a  certain  length  only,  and  absorb  all  the  rest.  It  is  this  prof 
erty  that  gives  color  to  objects.  Suppose,  for  instance,  that  a  iMeoe  of  dot 
were  receiving  light  from  the  sun,  all  of  which  it  absorbed  except  the  waves  < 
proper  length  to  cause  a  sensation  of  green  to  the  eye.  The  green  waves  cM 
would  then  oome  from  the  doth  to  the  eye,  all  the  rest  being  absorbed,  and  tl 
ck>th  would  appear  green.  If  it  absorbed  waves  of  all  lengths^  it  would  appa 
black,  because  no  light  would  be  reflected  from  it  to  the  eye.  If  now  the  pio 
of  cloth,  which  absorbs  all  wave-lengths  except  that  of  green,  were  exposed  to 
source  of  light  which  was  emitting  all  colors  except  green,  there  being  no  gict 
waves  to  be  reflected  from  it,  the  cloth  in  this  light  would  appear  black.  Suf 
pose  a  piece  of  cloth  absorbed  all  colors  but  two,  say  violet  and  red.  When  ^ 
having  all  wave-lengths  fell  upon  it,  it  would  absorb  all  the  waves  except  viol 
and  red.  These  two,  the  cloth  would  reflect  as  a  mixture  and  would  appe: 
purple.  If,  however,  the  source  of  light  contained  no  violet  waves,  it  could  oa 
reflect  the  red  waves  and  appear  red.  This  light,  then,  would  not  cause  tl 
cloth  to  show  its  normal  color.  So  in  choosing  an  artificial  source  of  light,  it 
necessary  to  select  one  which  will  send  out  all  wave-lengths,  if  we  wish  to  hv 
the  different  objects  appear  in  their  normal  colors. 

Table  L    C^on  of  Ui^t-Soorces  * 


Siah'<atsenith) White  (all  oolocs) 

Electric  arc VioleUwhite 

Candle Orange-yellow 

Kerofiene Pale  orange-yellow 

Gas-flame Pale  orange-yellow 

^v-'s'-ho.s) r's;!.;:st'Si^ss;'^*^ 

Acetylene-flame ^most  white 

Carbon,  incandescent Reddish  white 

Tungsten  or  Maxda Yellowish  white 

Mercury-arc Blue-green 

Moore  tube  (carbon  dioxide) \\'hite 


ui. 


Compiled  by  K.  F.  Pierce.  Welsboch  Company. 
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Eiperiment  has  shown  that  no  artifidat  light  except  the  COi  Moore  tabe  is 
even  a  remote  appnudmatioa  to  daylight.  The  Wdsbach  white  mantle  gives  a 
much  whiter  Hght  than  the  tung>rfcn4amp,  although  neither  can  be  said  to 
approximate  daylight. 

Li||it-lBt«nsity  or  Brflllaacy.  Candlo-Power.  The  briifiancy  of  a  source 
of  light  Is  stated  as  its  cakdle-powek;  that  is,  the  number  of  standard  candles 
to  which  it  is  equivalent.  Thus  an  ordinary  open  gas^flame,  consuming  5  cu  ft 
of  fas  per  hoar,  is  equivalent  in  brilliancy  to  about  18  candles,  and  is  said  to  have 
an  Intensity  of  18  candle-power.  Welabach  lamps,  consuming  3  cu  ft  per  hour, 
avenge  about  75  candle-power;  that  is,  they  are  equivalent  to  75  candles* 
Siaot  no  two  sources  of  light  have  the  same  amount  of  luminous  surface;  it  is 
^tonuiry  to  rate  a  lamp  by  the  number  of  candle-power  per  square  inch  of  its 
apparent  (or  projected)  surface.  Thus  an  ordinary  candle-flame  has  about  H 
iq  in  of  area,  and  its  intensity  would  be  rated  as  3  candle-power  per  square  inch; 
Hot  is,  the  candle-power  it  would  have  if  its  area  consisted  of  exactly  x  sq  in. 
This  is  often  called  the  intrinsic  bkilliancy  of  a  light-source.* 


Table  IL    Accepted  Values  of  Intrinaic  BriUIancy  for  Various  light- 
Sources  now  in  tJae  * 


Lifht-SottTce 


Moore  tube 

Frosted  electric  incandescent-lamp 

Candle 

Oo-flame , 

Qil-hunp 

Cooper-Hewitt  lamp 

Welsbach  gas-mantle 

Acetylene-burner 

jBodosed  alternating-current  avc-lamp. . . . 

Enclosed  direct-current  aro-lamp 

Incandescent  lamps: 

Carbon,  3.5  watts  per  candle 

Carbon,  3.1  watts  per  candle 

Gem,  2.5  watts  per  candle 

Tantalum.  3.0  watts  yer  csadle 

Maada  or  tungsten  x.35  watts  per  candle 

Mazda  or  tungsten,  x.o  watt  per  candle  . 

Nemst,  1.5  watts  per  candle 

ton,  on  honsxMi 

laming  arc-lamp 

iaada,  nitrogen'fined 

Ipenar&'lamp 

ipen  9Lro<tB.teT 

im,  30*  above  horizon 

Dm.  at  aenith 


*  £.  B.  Rowe,  Holophane  Works. 

Btensity  of  lUitmiiiation.    Fo0t-€andle.    The  extent  to  which  a  surface  is 
oinated  is  measured  in  foot-candles.    A  surface  has  x  foot-candle  ilhimi* 


The  totat  amount  of  tight  given  out  by  a  light-source  is  measured  in  Lxniaifs. 
and  use  of  this  term  see  any  standard  book  on  iQumination. 


For 
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nation  when  it  is  placed,  at  right-angles  to  the  light-rays,  x  ft  away  from  afigktof 
I  candle-power  intensity.  Thus  a  paper  placed  i  ft  a?7ay  from  a  i6-csDifl6> 
power  incandescent  lamp  would  be  illuminated  to  i6  foot-ouidles. 

Law  of  Inverse  Squares.  The  farther  away  from  the  light  the  above  paper 
is  held  the  less  the  illumination.  But  if  it  were  held  2  ft  away,  that  is,  twice  as 
far  as  stated  above,  it  would  not  have  one^half  the  illumination.  Tbe  fllumi- 
nation  which  an  object  receives  varies  inversely  as  the  square  of  the  distance 
from  the  source.  Thus,  in  this  example  the  paper  would  receive  one-fourth  as 
much  illumination,  or  4  foot-candles.  If  it  were  held  3  ft  away,  it  would  be  S- 
luminated  by  one-ninth  of  16,  or  1.6  foot-candles. 

Rule.  To  find  the  intensity  of  illumination  on  any  surface,  at  right-angles  to 
Ught-rays,  divide  the  candle-power  of  the  lamp  by  the  square  of  tbe  <&tan£e 
in  FEET.  The  result  will  be  foot-candle  illumination.  This  is  called  the  law 
OF  INVERSE  SQUARES.  Accordingly,  an  unshaded  32-candle-power  tamp  will 
illuminate  a  surface  facing  it  squarely  and  i  ft  away  from  it  with  an  intensity  d 
32  foot-candles,  but  a  surface  4  ft  away,  with  only  32/4*,  or  2  foot-candles. 

Candle-power  and  Foot-Candle.  Careful  distinction  should  be  made 
between  candle-power  and  foot-candle.  Candle-power  is  the  measure  d 
the  intensity  of  a  source  of  light.  The  foot-candle  is  the  measure  of  tli 
intensity  of  illumination  of  some  surface  upon  which  the  light  falls. 

^^■'nr'*  X.  What  is  the  illumination  on  a  surface  5  ft  from  a  33-€alldl^ 
power  lamp? 

32 

Soitttion.      —  1.28  ft-candles. 

5X5 

Example  a.  The  fllumination  required  on  a  printed  page  for  ea^  rea&g  i 
about  2  foot-candles,  (x)  How  high  above  a  reading-table  should  a  x6-€andle 
power  lamp  be  hung?     (2)  A  32-candle-power  lamp? 

16  — 

Solatioii.     ---2        x»-8        x-Vs-  2.S3  ft  U 

^-2     «»-i6    ic-4ft  u: 

The  Primary  Function  of  a  Lighting-Intttllntkm  is  to  supply  sa&dat 
illimiination  as  required  by  the  character  of  the  work  to  which  the  ligfated  spaa 
is  devoted.  The  following  table  can  be  used  in  computing  the  amount  of  cfeo 
trie  power  or  of  gas  necessary  to  satisfactorily  illuminate  the  various  rooms  m 
eluded. 

Since  the  lower  efficiencies  of  the  indirect  and  semiindirect  systems  are  laigeb 
compensated  by  the  lower  intensities  required  as  compared  to  direct  figfaoac 
the  same  watts  per  square  foot  may  be  allowed  in  either  case,  provided  tbe  con 
ditions  are  fairly  favorable  to  the  use  of  the  indirect  and  semiindirect  ^y^teaflt 
namely,  light-cream  or  yellow  ceilings.  The  following  table  b  based  upooroooi 
of  average  proportions  with  light-cream,  or  yellow  ceilings  and  mectium  vafii 
High,  narrow  rooms  may  require  about  10%  more,  and  low,  wide  rooms  afao^ 
10%  less,  energy.  Similar  allowances  may  be  made  for  daik  or  fi^  «*lh 
respectively. 

Three  Systems  of  General  Illumination.  To  secure  the  proper  fOaaam 
tion.  as  indicated  in  Table  IH,  there  are  three  general  systems. 


Power  Requited  for  Uluminatton 
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Tlibtfli  m.    Amomt  of  0«s  or  of  Electric  Power  Re^pdied  to  Illami* 
Bate  Hoome  Ueed  for  Vexious  Puipooee 


Class  of  service 


Armory  or  drill-faall 

Auditorium 

Barber-shop 

Chmch  (see  Auditorium) 

DraftingMroom 

Factory  (general  illumination) 

Hospital  (corridor) 

Hospital  (operating-room) 

Hotel  Oobby) 

Hotel  (ball-room) 

Hotel  (dining-room) 

Hotel  (restaurant) 

Hotel  (kitchen) : 

Hotel  (writing-room,  general  illumination  only) 

Hotel  (billiard-room,  general  illtunlnation  only) 

Hotel  (buflfet) 

Library  (reading-room) 

Library  (stacks) 

Office  (banking  and  accounting) 

Office  (general) 

Office  (private) 

Office  (stenographic) 

Residence  (bedroom) 

Residence  (dining-room) 

Residence  (hall) 

Residence  (livinfr-room) , 

Residence  (music-room) 

Residence  (kitchen) 

Gcbool  (assembly  or  class-room) 

School  (clas»-room«  business  colleges) 

Stores   (piano,  furniture,  haberdashery,  dry-goods. 

automobile,  clothing,  cigar) 

Stores  (book.  shoe,  hardware) 

K'arehooses 


•Cuftof 

gas  per  sq  ft 

per  hour 


0.02  -0.025 
0.04  -0.0s 
0.06  -0.07 


0.10  -o.iia 
o.oi  -o.os 
0.016-0.03 
0.14  -o.is 
0.06  -0.06s 
o.QS  -o.osa 
0.04  -0.045 
0.06  -0.07 
0.0s  -o.osa 
0.052-0.06 
0.06  -0.065 
0.065-0.073 
0.055-0.06 
o.oiaH>.024 
0.06  -0.06s 
0.05^-0.06 
0.05  -0.5a 
0.06  -0.07 

0.012 
0.036-0.04 

0.008 

0.036-0.04 
0.02  -0.025 

o.QS  -0.053 

0.04  -0.045 
0.055-0.06 

0.06  -0.07 
0.055-0.06 
0.013-0.036 


•Watts 
persqft 


0.5-0 

I.O-I 

1.5-1 


3.5-^ 

a.5-0 
0.4-0 
35-3 
I.5-X 

1.3-X 
1.0-1 

1.5-1 
l.>-l 
1.3-1 
I.S-l 
1.6-1 

1.4-1 

0,3r-0 
1.5-1 
1.3-1 
1.2-1 

15-1 
0.3 
0.9-X 
0.2 
O.^I 
O.S-O 
1.3-1 
l.O-I 
1.4-1 

15-1 
14-1 
0.3-0 


3 

7 

8 

5 

5 

9 
6 

3 

X 

7 
3 

5 
6 
8 

S 

6 
6 
5 
3 


o 
6 

3 

I 

5 

7 
5 

9 


*  These  figures  are  based  upon  the  use  of  Webbach  reflex  hmps  and  Mazda  dectrie 
Dps.  For  Welsbach  kinrtic  lamps  and  nitTOgen-6Ued  tungsten-lamps  (type  C  Macda) 
»  about  0.6  the  vahies  in  the  first  and  second  columns,  icspectivebr.  Data  on  gat 
>plied  by  R.  F.  Pierce,  Welsbach  Company. 

(i)  Direct  Lli^fatinc.  A  system  is  designated  as  ontECT  when  more  than  one- 
tf  the  light  reaches  the  area  to  be  illuminated  by  coming  directly  from  the 
btt-source,  without  being  reflected  from  the  ceiling  or  walls.  This  includes  all 
Items  using  lamps  with  clear,  frosted,  translucent,  or  opalescent  globes,  or 
lectors,  in  which  the  light  is  reflected  downward.  It  is  the  most  efficient  sys- 
B,  was  the  first  to  be  used,  and  is  still  the  most  common.  The  color  of  the 
Us  or  ceiling  has  less  effect  in  this  system  than  in  the  others. 

s>  Indirect  Hghting.  A  system  is  designated  indirect  when  all  the  light  is 
own  first  on  the  ceiling  and  walls,  and  reflected  from  these  to  the  surface  to  be 
minated.  Any  system  which  conceals  the  source  of  light  by  ofMtque  reflec- 
\  is  thus  INDIRECT.    Light  finish  must  always  be  used  on  the  walb  and  ceUiog 
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with  this  system.  Even  then,  the  efliciency  is  usaaUy  lower  than  that  of  a  direct 
system,  but  the  total  absence  of  glaxe  and  shadows  and  the  even  distributioe  d 
light  make  this  a  popular  scheme  in  restaurants,  show-rooms,  etc.,  whcfe  def»- 
rative  lighting  is  desired. 


(3)  Semlindirect  Lifhting.  This  system  throws  most  of  the  light  to  the 
and  ceiling,  but  allows  a  small  percentage  to  be  diffused  through  the  leflectcr 
straight  to  the  area  to  be  illuminated.  This  system  is  rapidly  coming  ioto 
favor  because  apparently  we  have  become  accustomed  to  looking  for  the  soone 
of  light  and  miss  it  when  it  is  concealed  as  in  the  indirect  system.  Tie 
totally  indirect  fixtures  often  show  up  rather  unn^easantly  as  a  dark  spot 
against  a  light  background.*  This  is  avoided  in  the  semlindirect  ^stem.  Tie 
slightly  higher  efficiency  of  this  system  is  another  advantage  over  the  indirect. 
Any  given  room  may  usually  be  lighted  by  any  one  of  the  three  systeois  al- 
though it  is  generally  true  that  conditions  are  such  as  to  make  one  of  the  thice 
more  desirable  than  either  of  the  other  two.  The  following  paragraphs  show  m 
detail  how  each  system  may  be  worked  out  for  a  given  room. 

Genend  Considerations  f  ^  Direct  Lighting 

Outlets  and  Lamps.  Outlets  should  hz  located  in  the  centers  of  as  neariy  as 
possible  square  and  equal  areas  into  which  the  ceiling,  for  the  purpose  of  caka- 
lation,  may  be  subdivided.  The  greater  the  number  of  outlets  the  more  unifona 
the  illumination  and  the  greater  the  freedom  from  annoying  shadows.  Unless 
great  care  is  used  in  planning  the  directions  in  which  the  light  b  received  by  Ha- 
minated  surfaces,  a  disagreeable  glare  from  gUzed  paper  is  likely  to  be  pfeseat 
The  greater  the  height  of  lamps  above  the  illuminated  area,  the  more  uniiam 
the  illumination.  Figures  suggestive  of  good  practice  in  selection  of  mouat- 
ing-heights  are  given  in  Table  IV,  page  1444- 

General  Considerations  in  Indirect  and  Semtindirect  Ugkl&ng 

Outlets  and  Lamps.  The  location  of  outlets  should  in  geneni  cmilotm  ta 
the  requirements  for  direct  lighting,  that  is,  at  the  centers  of  appcoximatciy 
square  and  equal  areas.  Since  glare  from  glazed  papers  Is  minimized  when  mosi 
of  the  light  is  received  from  ceiling-reflection,  larger  and  fewer  units  are  penais- 
sible  than  in  the  case  of  direct  lighting.  The  nearer  to  the  ceiling  the  lamps  an 
placed,  the  less  uniform  the  illumination  and,  within  reasonable  limits,  the  highd 
the  illuminating  efficiency  of  the  installation.  Generally  speaking,  lamps  shonU 
not  be  placed  less  than  2  ft  from  the  ceiling.  Aside  from  this,  the  position  of  a 
fixture  should  be  determined  by  artistic  considerations  and  reflectors  selected 
which  will  direct  most  of  the  light  upon  the  ceiling  without  ooocentiating  il 
enough  to  illuminate  the  ceiling  imevenly. 

A.  The  Interior  Colorings  and  Finishes.}  (i)  Ceilings  especialb' should  b< 
of  nearly  white,  cream,  or  light-buff  colors  to  efficiently  diffuse  the  light  down- 
ward. Dark  greens,  reds,  or  blues  are  not  advisable  since  the  reduction  in  iDaoM' 
nation  caused  by  a  green  color,  over  a  cream  tint,  may  easily  be  from  30%  U 
60%.  On  the  other  hand,  this  system  shows  very  plainly  all  dirt  and  discokir 
ations  on  the  ceiling,  and  no  colors  should  be  used  that  are  so  Ught  as  to  easil] 
show  dirt,  where  there  may  not  be  careful  cleaning. 


*  This  unpleasant  effect  can  sometimes  be  avokled  by  Sluminatiag  the  uadewMe  of  th 
fixture, 
t  By  R.  F.  Pierce,  Wdsbach  Company  and  G.  S.  Fobea,  Maebetb-Evam 
%  By  G.  S.  Fobcs,  Macbeth-Evans  Coa^wny. 
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^.  (2)  Finishes  preferably  should  be  matt,  or  satin,  rather  than  glazed  or  var- 
.  jiished.    From  the  matt  ceiling-surface  the  maximum  light  will  always  be  down- 

.ward,  but  the  varnished  ceiling  will  reflect  specularly,  directing  light  sidewise  or 

ghowing  lamp-images  and  glare. 

.    (3)  Tints  and  details  of  decoration  should  be  considered  together  with  the 
'  Gghting-system,  so  that  daylight-colors  and  reliefs  will  not  be  reversed  or  dis« 
torted  by  colored  light  from  artificial  illuminants  and  shadows. 

B.  The  Positions  of  Outlets  and  of  Fixtures,  (i)  Semiindirect  units 
iliould,  if  possible,  be  placed  above  the  places  where  maximum  light  is 
wanted. 

(2)  Fixtures  should  not  be  so  dose  to  side  walls  as  to  cause  light-spots  running 
down  across  picture-moldings,  etc. 

(3)  Outlets  should  be  placed  logically  with  reference  to  the  ceiling-panels,  so 
that  the  more  brightly  Qluminated  ceiling-areas  will  be  the  ones  that  on  account 
cf  their  tints,  shapes,  or  decorations,  will  naturally  bear  emphasis.  If  the  panels 
ire  deep  (deep  beams),  and  one  outlet  \%  in  each  panel,  it  will  ordioari^  be 
located  at  the  center.  If  several  panels  intervene  between  units,  the  fixtures 
should  be  on  the  beams  rather  than  in  the  panels,  to  prevent  dark  ceiling-areas 
B  the  shadows  of  the  beams. 

(4)  Spacing  should  be  such  as  to  have  the  illuminated  ceiling-areas  overlap  if 
jQie  ceiling-surface  is  uniform. 

C.  The  Proper  Lamp  and  Bowl-Si2es.  (x)  Ordinarily  the  symmetrical 
•ppearance  of  fixtures  with  respect  to  the  other  interior  furnishings  will  largely 
determine  their  sizes,  although  the  bowls  should  never  be  so  small  as  not  to  com* 
^tely  conceal  and  nearly  surround  the  lamp-bulb. 

(2)  The  smaller  the  bowl  and  the  brighter  the  lamp,  the  less  efiFective  the  semi* 
indirect  system  becomes,  and  the  more  the  effect  approaches  direct  lighting. 

D.  Shapes  and  Styles  of  Bowls,  (z)  Bowls  used  close  together  t>r  hung  far 
rom  the  ceiling  should  be  of  the  focusing  (upward)  distribution,  while  broadly 
fetributing  bowb  are  better  when  used  singly,  or  when  fairly  wide  apart  and 
lose  to  the  ceiling. 

'  (2)  Bowls  too  flat  in  shape  may  waste  considerable  light  sidewise  to  the  upper 
palls  and  therefore  be  inefficient. 

(3)  Wide  open-top  bowls  should  not  be  used  in  halls,  etc.,  where  the  bare 
imps  are  visible  to  the  observer  from  above,  nor  on  or  below  the  level  of  a  bal- 
Miy  or  mezzanine. 

£.  Care  of  Fixtures,  (i)  The  average  saving  in  light  (expressed  in  terms  of 
)8t  of  current)  that  resttlts  from  washing  once  and  dusting  once  monthly,  will 
t  from  four  to  ten  times  the  cost  of  such  cleaning.  Bowls  often  collect  films 
f  dust  which  are  not  visible  and  which  materially  reduce  the  efficiency  both  of 
flection  and  transmission. 

(2)  A  bowl  with  a  dust-cap,  button-ornament,  or  small  area  of  thSdc  glass  at 
le  bottom,  will  allow  dead  insects  or  dirt  to  collect  at  that  point  without 
arring  the  appearance  of  the  unit. 

(3)  Dilute  ammonia  is  an  excellent  glass-cleanser. 

(4)  Fixtures  should  be  arranged  to  be  lowered,  for  cleaning,  from  above  if  on  a 
ry  high  ceiling  in  a  church  or  similar  structure. 

(5)  It  should  be  possible  to  easily  raise  the  lamp  or  lamps  from  within  the 
wl,  to  allow  of  dusting  or  wiping  out. 

Figures  suggestive  of  good  practice  in  the  selection  of  mounting-heights  and 
;>es  of  Ught-dtstribution  are  given  in  Table  VI. 
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Tabl*  IV.    Dinct  9ytt«n 

LAMP-SIZE,  MOUNTING-HEIGHT  AND  SPACING* 


Pait2 


Commercial 

Watts  per 

Ideal 

spacing 

Moontp 

size  of  lamps 

sqUBFC 

foot  ^  w 

"  distance 

Minimum 

Majdmum 

ing- 

in  watts  ->  W 

a^^k^v           ■a' 

/E 

spacinc- 

spadnf- 

height 

and  cubic  feet 

c»aA\A  ^  u  i/iw 

feet  per 

V 

distsnoe 

per  hour 

square  foot 

V 

W 

ft 

Watts    cuft 

Watts   cuft 

ft 

in 

ft      in 

ft      in 

7toio 

40         1.6 

0.5      0.02 

9 

0 

8       0 

10      0 

1.5     0.06 

5 

a 

4       6 

6      0 

2.5      O.IO 

4 

0 

3       9 

4       3 

8to  Z3 

60         3.0 

0.5     0.0a 

II 

0 

9       6 

13       9 

I. 5     0.06 

6 

4 

5       6 

7       3 

a. 5     O.IO 

4 

XI 

4       6 

5       6 

I3tOX6 

100         40 

0.5     0.0a 

14 

5 

X3         6 

x6      0 

X.5     0.06 

8 

a 

7       0 

9      6 

a. 5     O.IO 

« 

4 

5       8 

7       0 

14  to  30 

150         6.0 

0.5     o.oa 

17 

4 

15       0 

ao      0 

1.5     0.06 

10 

0 

9       0 

II      0 

a. 5     O.IO 

7 

9 

7        0 

8      6 

17  to  a? 

aso       xo.o 

0.5        0.03 

aa 

5 

30         0 

as      0 

1.5     0.06 

13 

IX 

"       9 

14       3 

3.5       O.IO 

10 

•0 

9       0 

XX         0 

as  to  35 

400       16.0 

o.s      o.oa 

28 

3 

35       0 

31    « 

1.5      0.06 

x6 

4 

XS         0 

17      9 

3.5        O.IO 

13 

7 

XX       6 

13      < 

30  to  40 

500       ao.o 

0.5     O.oa 

31 

7 

38       e 

35       6 

i.S     0.06 

18 

6 

16       6 

ao      9 

• 

3.5       O.IO 

14 

3 

13        6 

XS      0 

*  To  determine  the  sise  of  equivalent  Wekbach  lamps  allow  i  ca  f t  per  boor  kr  etd 
35  watts.    Adapted  from  the  Electric  Journal,  by  A.  J.  Airston. 

The  Dedgning  of  General  niumination  by  Each  System  Uriac 

Toagaten  or  Welabach  Lasnpa 

(x)  From  Table  III  should  be  determined  the  w&tts  per  square  foot  degnbk 
for  the  given  class  of  work,  and  the  total  number  of  watts  necesaaiy  shodd 
then  be  computed. 

(a)  From  Table  IV  should  be  obtained  the  sixe  of  unit  desirable  for  a  givefl 
height  of  room  and  the  number  and  spacing  of  fixtures  then  computed. 

(3)  The  ceiling  should  be  laid  off  in  squares  the  sides  of  which  are  as  nearijraa 
possible  equal  to  the  value  of  the  ideal  spacing.  One  fixture  should  be  locaied 
at  the  center  of  each  square. 

(4)  Each  lamp  should  be  checked  up  on  the  plan  to  see  that  it  b  useful  sod 
dear  of  obstacles,  and  the  layout  incorporated  into  the  building  plans  using  tbc 
standard  methods  and  symbols  for  electricity  or  gas  as  the  case  may  be. 
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TMito  y.    Staadard  BfohtU  for  Otm-mting  FImm* 


y  4  Cdling-outlet;  gas  only.     Numeral  indicates  the  number  of 

single-mantle  gas-lamps. 


Sini^e-lamp  outlet  (oeilinc-units,  pendants,  etc);  gss only. 

Ceiling<outlet;    combination.      |  indicates  4  electric   lamps 
and  2  single-mantle  gsa-lamps. 

BracketKiutlet;  gas  only.    Numeral  indicates  the  number  of 
gas>lamps. 

ajW  ±,  Bracket-outlet;  combination.       |  indicates  4  electric  lamps 

^^  '  and  a  ssa-lamps. 

aj|   2  Baseboard-outlet;   0U  only.     Numeral  indicates^  number  of 

f  ^  gss-lamps. 

y(^  Floor-outlet;  gas  only. 


o 


Special  outlet  (lor  portable  lamp,  heater,  etc.);  gas  only. 


^  .  Outlet  for  outdoor-standard  or  pedestal;   tfiB  only.     |  indi- 

)H  5  cates  2  gas-lamps,  with  5  mantles  per  lamp. 

Outlet  for  outdoor  standard  or  pedestal;    combination.     H 
M  s  indicates  6  electric  lamps,  and  2  gas-lamps,  with  5  mantles 

**  ^  per  lamp. 

Arc-lamp  outlet;   gas  only.    Numeral  indicates  the  nimiber 
w  ^  of  mantles. 

|-VQ  2  Pump  or  pneumatic  lighting-system.    Numeral  indicates  the 

^^  number  of  lamps  to  be  operated  from  one  pump. 

2 

Push-button  for  magnet-valve.     The  numeral  indicates  the 

number  of  lamps  to  be  operated  from  one  push-button  switch. 
Il«ter«tttlct. 

Main  or  supply-pipe  concealed  under  floor. 
Main  or  supply-pipe  concealed  under  floor  above. 

Main  or  supply-pipe  exposed. 

Branch  pipe  concealed  under  floor. 

Branch  pipe  concealed  under  floor  above. 

Branch  pipe  exposed. 
Street  ga»*main. 

t|i|l|  Battery-outlet. 

0  Riser. 


*  TWtimJTiMtJwg  Engineering  Laboratories,  Webbach  Company. 
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ITtoHiMin  ff«B  Jloor  to  Qmdbtt  of  Will^>att«to* 


PaitS 


ft      in 
S       6 

5  o 

6  o 

6       3 

Chambers 

Offices 

Corridors 

Push-button    twkchcs    or 

nnAUTTUitic  ntunnB . 

4       0 

*  lUuminating  Engineering  Laboratories,  Webbach  Company. 

Bzamples  of  Design  of  Lighting-System  for  aoxNinting-office,  63  by  25  ft 
with  13-ft  cdliiig  (Fig.  1).    WsUs  and  oeiliog-Ught  in  color. 


■M 

-■»! 

'1 

P  ^«B 

^ 

^ 

-fr 

■«■ 

■«• 

^ 

> 

^ 

-*- 

<>■ 

'    k 

^ 

^ 

^ 

^ 

-<)■ 

^ 

■fr 

^ 

-«■ 

■(f 

if 

■«!^ 

^ 

■» 

■*■ 

■fy 

^ 

^ 

-*■ 

■*■ 

> 

1 

■*■ 

<>- 

■(>■ 

■^ 

^ 

^ 

^ 

^ 

^ 

■<)- 

• 

r 

Watts  per  sq  ft 
Total  watU 
Unit,  size  of 


Number  of  units 
Spacing  (average)  desired  >■  6  ft  4  in  (Table  IV) 
Number  of  rows  -  25/6W  -  four 

Number  of  outlets  per  row  —  40/4  —  ten 
Spacing  between  rows        -  25/4  -  6K  ft 
^Muing  in  rows  —  63/10  ->  6H  ft 

S^dng-average  -■  6  ft  4  in. 


Fig.  1.    Plan  of  Ceiling-Ughts 
Direct  System 

-  i.S  (Table  HI)      • 

■■  1.5  X  63  X  25  -  2  400  (nearly) 

-  60  watt  electric  (Table  IV) 

»  3  cu  f t  per  hour,  ordinary  inclosed  gas,  or )   |^.] 

-  2  cu  ft  per  hour,  Welsbach  kinetic  \  ^      ' 
■■  9  400/60  -  forty 


u- 


-Wffer 


^ 


xiEC  firtf  )x;x  xy^c  xxh 

):ftt  jiAx  xnx  JOX  )Ac 

H«  Wtf  tJUoC  tttt  inaf 

xrtf  xA(  rCtx  rCik  oa 


F!g.  lA.    Modification  of  Flan  Shown  in  Fig.  1  j 

Ftg.  1a  is  a  modification  of  the  plan  shown  in  Fig.  1,  and  is  a  great  Smpio** 
meat.    It  will  not  produce  such  even  illumiDation  but  will  result  in  a  mucb  it^ 


Dfatriiaudoii  of  L^t  bj  Keflecton 


-  utistic  dcct,  (spedally  if  ditures 
■ishiogs  ol  the  taoa.    The  lamps 
ud  these  an  eqoallsF  spaced 
throughout  the  room.    Here 
^^n  it  is  almys  posuble  to        /' 
K  lamp;  oF  higher  wattage 
Umy  point  sAerc  the  illu- 
ninalion    ii   aoC   sufficient. 
Tbe  importance  of 


The  importance  of  a  proper  \  -^  ^JJ  -?^r'~-^.^ 

ttoice  of  [eflector  is  ahown  N^ — "'"^^^'V/'/iVVx^  ^ 
lt«n  a  study  of  Figs.  2  to  ^  ,^X/i-li\\^^ 
&•    It  waibsDotedinFig.  ^-C._Z-^         -  ~:;, — i. 


2  bow  a  b«re  tuDgslen-lamp    Fig.  3.    DiMiibution  of  Caiidle.p(nTB  al 

throws  the  greater  put  of  Tungii™  Ump 

hi  light  to  the  walls.     The 

disUibutua  of  any  ligbt  can  be  controlled  to  ■  reuurkaUe  eitent  by  Uk  use 


*  Funkiibed  by  E.  B.  Kowe,  <d  Um  Hojophue  Wocka. 


Ughdng  and  IBuminatHm  of  BuildiDgs 


Ffg.  a.  Eiunple  of  Trpc  of  Fii 
llKd  ia  SemUBdina  Srilon.  ] 
bctb-Evuu  CompAdy 


Average  ^jadng 
Select  15/1 

Number  of  u&iCi  ta  inir 
Spadng  in  row 
IVpe  of  reflKtor 
Distance  fram  nflector  to 
Number  of  uniu 
Watts  per  unit 
Lamps  per  unit 


-  I.S  (T«t>le  IID 

-  1 400,  neuly 

-  14  to  1^  ft  (T«ble  VI)* 

-  14  ft  foe  lamps  in  two  rows 

-63/S-  II  ft  T  in.  •bout 

-  Concentntinj  (Table  VI) 

-  30  in  (Table  VI) 

-  two  rows  of  6ve  each  -  tm 


tWentattom  for  ttli  SmmtU  Iti  Ow^Jcfaltac 
Welsbach  kinetic  burner  used. 

Cu  ft  per  hour  per  sq  ft  -  0.06  x  0.6  -  o.oj6  fTable  HI) 

Total  bourly  consumption  -  6j  X  15  X  0.036  -  57  cu  ft  per  b> 

Avenge  ipadng  (see  above)     -  12M  ft 


•  Sea  Hair  Is  Uk  Table  VI,  I1 


ledutclr  faOoiriiii  the  TabU. 
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Tibic  M  givs  the  diuince  m  inchs  (except  u  nated)  h 
(be  ceOInc  <o  obUin  the  dmirRl  dniribution  of  lighl  Irnni  0 
When  vilut*  in  nol  given  to  Ihe  lifl,  il  i>  idTtaiUc  to  Mibmit  uu 
niUni-bcights  thu  »  [t. 

■  E.  B.  Vhcda,  X-Ray  Eye-Comloit  CoBtpuy. 
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An  idea  of  the  appeuwm  of  aome  oF  the  typical  modern  Gnons  wring  pa 
or  electricity  In  tbeM  syitcmi  of  liihtinK  maybe  obtained  From  Figs.  (L7 
andS. 


Fig.  7,  Type  of  fitture  in  Indirect 
lUunuDition.  NitioiH]  X-Riy 
Reflector  Company 

How  to  Ua«  Tabla  VI.  In  the  finitixlunin  of  Table  VI  is  located  the  bo^ 
of  ceiling,  in  tins  case,  13  ft.  The  Uat  iquare  to  the  right  of  this  Gguie.  wtuch 
has  a  numbec  in  it,  is  noted.  In  this  case  the  laat  squan  to  the  ligbt  of  ij  ft, 
which  has  a  number  in  it,  contains  the  number  48.  By  foUowing  this  cdama 
tODtaining  the  number  48  down  to  the  ligures  printed  hi  heavy  type  at  thebotlom 
of  the  table,  the  heavy-Faced  number  in  this  case  is  found  to  be  >4.  This  14  ii 
thelengthofthe^deof  the  largest  square  which  a  single  fixture  can  pniperiy  illu- 
minate when  the  ceiling  is  ij  ft  hijh.  The  48  which  is  opposite  the  13  is  mcnly 
the  number  of  inches  the  Siture  must  be  hung  From  the  cidling.  Thus  Ibe 
largest  sqaairs  into  which  we  can  poasibly  divide  the  cedfaig  have  n-h  rides. 
But  a.  room  25  ft  wide  ciinnot  be  divided  into  34-ft  iquarcs.  We  are  ampdlcd. 
therefore,  to  divide  it  into  squares  oE  a  smaller  siae,  rince  the  fiitoi^  wiE  Dot 
illominate  any  larger  square.  The  greatest  length  into  which  we  can  dh-ide 
15  ft  19  iiM  ft.  We  may,  then,  decide  to  use  fixtures  which  will  iHuininate  14-ft 
squares.  Locate  the  number  14  in  heavy  type  at  liottwn  of  table,  and  trace  up 
the  column  inwhicliit  is  found  until  the  square  i(  reached  which  isopporilethe 
ceiliog-beighl  of  ij  ft.  Here  tbe  number  30  is  Found.  This  nteuu  we  nuH 
hang  the  fixture  so  that  the  top  of  it  is  30  in  From  tbe  ceiling  in  order  to  gel  the 
desired  results.  Looking  along  the  squares  to  tbe  right  oE  the  one  in  whtdi  we 
find  the  30.  we  find  the  word  cnMcE^JTHA■tl^-n.  which  signifies  the  tvr«  of  rtflortor 
advised  for  this  instalUtion. 


niuminatioii  by  Gas 
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K     Sehooi-Room  Lightfau;.*    The  following  illumUuitioih^oiiflUnts  have  been 
j  irorked  out  by  ezperimeats  and  experience  covering  a  wide  range  of  conditions. 

In  each  of  the  following  cases  light  tinted  wails  and  ceilings  are  taken  as  a 

standard. 

AnditDrinma  and  Lectvre-HaBs.  Since  no  continuous  reading  is  required  here, 
0.75  watt  per  sq  ft,  direct  system,  b  all  that  is  needed,  if  it  is  properly 
diffused  to  a  pleasant  softness. 

Class-Rooms  and  Laboratoriei.  These  must  be  lighted  for  the  purpose  of  writ- 
ing notes  and  taking  accurate  readings  of  instruments.  Thus  xH  watts  per  sq  ft, 
direct  system,  are  required. 

Wood-Working  Shops.  The  surfaces  here  are  generally  high  and  offer  good 
reflecting  properties,  so  that  iH  watts  per  sq  ft,  direct  system,  are  suffident. 

Mschine-Shopa.  Because  the  belts,  machines  and  dingy  floors  offer  great 
absorbing  surfaces  at  least  2  watts  per  sq  ft,  direct  system,  are  necessary. 

Poondrlea.  The  dark  molding-sand  and  the  dust  and  smoke  in  the  air  make 
3  watts  per  sq  ft,  direct  system,  necessary. 

Drafting-Rooms.  The  semiindirect  system  with  2H  watts  per  sq  ft  (about 
the  equivalent  of  1^4  watts  per  sq  ft,  direct  system)  has  proved  highly  satis- 
factory. 

nittmiiiation  by  Oa8.t  Recent  progress  in  incandescent  gas-lighting  has 
resulted  in  the  development  of  appliances  in  which  practically  all  of  the  short- 
comings of  previous  types  are  overcome,  and  except  for  inaccessible  locations, 
or  where  lamps  are  very  infrequently  lighted,  there  is  little  to  choose  between  the 
two  illuminants,  gas  and  electricity,  upon  the  score  of  convenience  or  of  artistic 
possibilities,  while  the  greater  economy  of  gas-Kghting  (often  in  the  ratio  of  about 
2H  to  i)  coupled  with  the  freedom  from  interruption  which  characterizes  gas- 
service  makes  it  desirable  to  pipe  all  buildings,  particularly  residences,  for  gas 
throughout,  preferably  installing  combination-fixtures  and  providing  wall-out- 
lets and  baseboard^outlets  for  the  connection  of  the  various  gas-operated  con- 
veniences which  are  being  developed  in  rapidly  increasing  numbers. 

Welsbacfa  Kinetic-Burner  Lamps  WHh  Keaxeat  Equivalent  Slses   in   Blectric 

Incand— cent  Laaips 


Lamps 


1  niAntle     3.5  cu  ft  per  hour. 

2  mantles   5.0  cu  ft  per  hour. 

3  mantles   7>5  cu  ft  per  hour. 

4  mantles  lo.o  cu  ft  per  hour. 

5  mantles  12.5  cu  ft  per  hour. 

6  mantles  15.0  cu  ft  per  hour. 
8  mantles  20.0  cu  ft  per  hour. 

10  mantles  25.0  cu  ft  per  hour. 


Mazda 

watts 


two,  40 
ISO 
250 
six,  40 
400 
500 


Nitrogen-fUled 
Mazda  (Type  C) 

watts 


Soo 
750 


GAS-Lamps  are  available  in  a  variety  of  types  and  sizes.  The  most  recent 
development  is  the  kinetic  burner  of  the  Welsbach  Company  in  which  the 
efficiency  is  increased  by  from  50%  to  100%  over  the  previous  types.  With 
iiis  burner  no  enclosing  glassware  or  housings  are  required,  and  the  lamp  is  said 

^  A.  L.  Wiiliston.  t  R.  F.  Pierce,  Welsbach  Company. 
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to  require  no  attention  beyond  the  renewal  of  mantlwi  every  a  ooo  boniBV* 
hours.  There  is  practically  no  depreciation  in  candle-power  during  this  intemL 
Ignition  is  accomplished  either  by  a  pOot-flame  burning  about  Ho  cu  ft  per  hour, 
or  by  electrical  means,  and  several  tjrpes  of  distant  control  are  available.  Tte 
following  table  gives  the  sizes  in  which  these  lamps  may  be  obtained  and  tha 
nearest  equivalent  sizes  in  electric  incandescent  lamps. 

Selection  of  nittminanta  ' 

(i)  Factors  favorable  to  the  use  of  electricity: 

Units  less  than  60  candle-power  required.  i 

Lamps  in  inaccessible  positions. 

Lamps  lighted  at  infrequent  intervals. 

Lamps  placed  very  close  to  ceiling  (12  in  or  less). 

Poor  gas  service  as  regards: 

Pressure-regulation  (more  than  50%  variation  from  minimum). 

Non-uniformity  of  gas-quality. 

Imperfect  purification. 
Good  electric  service  as  regards: 

Voltage-regulation. 

Freedom  from  liability  to  derangement  by  accident. 
Non-rigid  fixtures. 
(2)  Factors  favorable  to  the  use  of  gas: 
Units  of  60  candle-power  or  more. 
Accessible  locations. 
Frequent  use  of  lamps. 
Lamps  placed  15  in  or  more  from  ceiling. 
Good  gas  service  as  regards: 

Pressure-regulation  (not  more  than  50%  variation  from  minimum). 

Uniformity  of  gas-quality  (chemical  composition). 

Proper  purification. 
Poor  electric  service  as  regards: 

Voltage-regulation  (more  than  5%  variation  fimn  maximum)  most 
likely  on  alternating-current  circuits. 

Liability  to  derangement  by  accident  (overhead  circuits). 

Rigid  fixtures. 

Hygiene.^  From  the  hygienic  point  of  view  there  is  little  to  choose  between 
the  two  illuminants.  The  investigations  of  Dr.  Rideal  have  shown  that:  (i)  Gas- 
light positively  improves  the  air  for  breathing  purposes  under  the  actual  condi- 
tions of  use.  The  causes  of  this  improvement  are  the  acceleration  of  vcntSa- 
tion,  the  destruction  of  disease-germs  and  the  addition  of  necessary  noistuit. 
Gas-burners  give  rise  to  stronger  air-currents  and  invariably  produce  a  more 
active  ventilation  and  diffusion  of  air  than  electric  lights;  hence,  along  viU 
the  products  of  the  gas-burner,  the  exhalations  of  persons  present  are  more 
rapidly  removed;  (2)  The  ascending  currents  of  air  from  the  gas-lights  00 
reaching  the  ceilings  rapidly  part  with  their  heat,  which  is  conducted  away  by 
the  rafters  and  joists;  (3)  The  electric  lamps  produce  more  heat  than  b  com- 
monly accredited  to  them,  and  this  is  the  explanation  of  the  unexpected  result 
that  the  average  temperature  of  the  room  is  practically  the  same  uader  either  3- 
luminant,  and  that  the  electric  light  does  not  show  the  superiority  in  coobcss 
usually  claimed.    When  excessive  temperatures  are  encountered  in  gas-U^ted 

*  See  Relative  Hygleoic  Values  of  Gas  and  Electric  Lighting,  by  Samuel  RideaU  Tnw 
actions  Royal  Saoitaxy  Institute,  M«r€b«  x^oS. 
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'*  Rxms,  it  wUl  be  found  due  to  the  radiant  heat  from  low-hung  lamps  of  er* 
'*  cessive  size.    On  account  of  the  economy  of  gaa-lighting,  it  is  a  common  prac 
'  tice  to  provide  from  four  to  six  times  as  much  illumination  as  is  required* 
'  Dr.  Rideal's  tests  also  emphasizedi  what  is  a  matter  of  common  experience, 
'  that  under  direct  lighting,  the  lower  brilliancy  of  the  gas-mantle  reduced  the 
glare  from  glased  papers  to  such  an  extent  as  to  be  noticeable  in  the  results: 
"The  sensitiveness  of  the  eye  to  light  as  measured  in  the  perception-test  dimin- 
ished veiy  markedly  alter  exposure  to  the  electric  light,  while  no  corresponding 
effect  is  noticeable  after  the  eye  has  been  subjected  to  gaslight.    All  the  results 
point  strongly  in  the  same  direction,  namely,  that  gaslight,  as  used  in  these 
experiments,  is  less  fatiguing  to  the  eye  than  electric  light."    Under  semi- 
indirect  or  indirect  lighting,  of  course,  no  such  disparity  in  effect  is  found. 

The  Foregoing  Rules  Indicate  the  General  Practice  in  planning  the  illu- 
mination of  a  room.  It  must  be  said,  however,  that  this  set  of  rules  must  not  be 
followed  too  slavishly.  In  illumination  no  rules  can  take  the  place  of  judgment 
and  intelligence.  Each  project  must  be  considered  more  or  less  as  a  problem  by 
itself,  for  which  previous  experience  and  former  installations  should  be  made  to 
furnish  data  and  to  suggest  methods.  It  is  well,  therefore,  when  planning  the 
illumination  of  a  room,  to  visit  as  many  similar  rooms  as  possible,  note  the  effect 
of  the  systems  in  use  and  obtain  data  as  to  their  efficiency,  cost,  etc.  The  most 
successful  scheme  may  then  be  used  as  the  basis  tor  planniag  the  desired  instal- 
lation. 

The  Diffusion  of  Light  through  Windows* 

Tests  on  the  Diffusion  of  light  by  Glass.  Abstracts  from  report  of 
Charles  L.  Norton,  on  an  elaborate  series  of  tests  made  at  the  Massachusetts  In- 
stitute of  Technology  :t  The  results  of  the  tests  on  a  score  or  more  of  different 
glasses  may  be  stated  briefly.  We  may  increase  the  light  in  a  room  30  ft  or 
more  deep  to  from  three  to  fifteen  times  its  present  effect  by  using  factory- 
UBBED  GLASS  Instead  of  plane  glass  in  the  upper  sashes.  By  using  prisms 
we  may,  under  certain  conditions,  increase  the  effective  light  to  fifty  times  its 
present  strength.  The  gain  in  effective  light  on  substituting  ribbed  glass  or 
prisms  for  plane  glass  is  much  greater  when  the  sky-angle  is  small,  as  in  the  case 
of  windows  opening  upon  light-shafts  or  narrow  alleys.  The  increase  in  the 
strength  of  the  light  directly  opposite  a  window  in  which  ribbed  glass  or 
prisms  have  been  substituted  for  plane  glass  is  at  times  such  as  to  light  a  desk  or 
table  50  ft  from  the  window  better  than  one  20  ft  from  the  window  had  pre- 
viously been  lighted. 

The  Kinds  of  Glass  Tested  were  as  follows: 

(i)  Ground  glass  of  different  degrees  of  fineness. 

(3)  Rough  plate  or  hammered  glass. 

(3)  Ribbed  or  corrugated  glass,  with  five,  and  eleven  and  twenty-one  ribs  to 
the  inch,  the  corrugations  being  sinusoidal  in  outline,  as  in  i4.  Fig.  9,  and  the 
back  of  the  plate  smooth. 

(4)  Glass  known  as  maze,  Florentine  or  figured,  in  which  a  raised  pattern 
is  worked  upon  one  side,  practically  roughening  the  whole  surface. 

(5)  Wash-board  glass,  corrugated,  with  twenty-one  ribs  to  the  inch  on  one 
side  and  five  ribs  to  the  inch  on  the  other  side,  the  ribs  being  parallel. 

(6)  Skylight -glass,  which  has  five  ribs  to  the  inch  on  each  side,  the  groove  on 
Dne  side  being  oppodte  the  rib  on  the  other,  giving  a  sinuous  section  B,  Fig.  9. 

*  See,  also,  the  subjects  Pressed  Priam-Plate  Glass  and  Prism  Glass,  Part  III,  pages 
tS77  to  1579. 
t  From  Rrport  No.  Ill,  Insurance  Engineerim;  Experiment  Station,  September,  1903. 
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Fig.  9.    IVpes  of  Ribbed  or  Priiin^glMs 


(7)  Rippie-^aM,  with  rippled  surfaces  on  both  aides;  of  very  beaatifiil  appew- 
ance  and  a  dear  white  color.- 

(S)  Glass  ribbed  on  one  side  and  figured  on  the  other. 
(9)  Ribbed  glass  with  a  wire  net  prnsed  into  ity  to  increase  its  resistance  to  fire. 
Of  these  several  specimens,  one  or  two  may  be  dismissed  with  brief  mcntioa. 
Ground  glass  is  d  Httk  value,  except  as  a  softening  medium  for  bright  sudj^t 

Its  rapidly  increasing  opaqueness 
with  moisture  and  dust  makes  it 
undedrable  as  a  window-^ass. 
The  common  rough  plate  has  very 
little  action  as  a  diffusing-mecBani, 
giving  no  perceptible  change  in 
the  effective  light.  Ripple^bss 
has  great  value  as  a  cMiring* 
medium  in  small  rooms  with 
nearly  open  horison.  Of  the  ribbed 
gbsM^  the  fine  Factoty-Ribbed, 
with  twenty-one  riba  to  the  inch, 
is  distinctb^  the  best,  not  in  all 
probability  because  of  the  fine- 
ness, but  because  of  the  greater 
sharpness  of  the  corrugatwos. 
The  Ribbed  wire-glass  is  about  20%  less  effective  than  the  oidmaxy  Factocy- 
Ribbed  glass.  The  addition  of  a  second  corrugation  upon  the  back  of  the  plate 
giving  the  Skylight  and  Wash-Board  giase  is  of  no  appaient  valne.  The  raised 
pattern  imprinted  upon  one  surface  of  the  glass,  as  in  the  case  of  the  Mace 
glass,  gives  the  widest  diffusion,  especially  in  bright  sunlight.  A  raised  iiguic^ 
when  worked  upon  the  back  of  the  Ribbed  glass,  rendeis  it  less  offensive  to  the 
eye  in  bright  sunlight,  but  less  effective  in  deep  rooms.  The  only  glasses  of 
this  group  which  it  is  worth  while,  then,  to  diacusB  further  are  the  Facioiy- 
Ribbed  and  the  Maze  glass. 
The  second  group  comprises  the  foUowing  gUaaes: 
(x)  The  Luxfer  prisms. 

(2)  The  Solar  prisms. 

(3)  The  Daylight-prisms. 

(4)  The  glass  of  prismatic  section  made  by  the  Missi«ipim  Glaai  Gan^Mny. 

(5)  Three-way  prisms. 

(6)  Maltby  prisms. 

The  Luxfer  prism  consists  of  a  plate  smooth  on  one  side  and  deeply  notched 
on  the  other  as  in  C,  Fig.  9,  the  teeth  or  prisms  being  of  very  flat,  smooth 
faces  of  brilliant  appearance.  The  glass  is  dear  white,  and  the  prisms  used  m 
canopies  and  in  the  major  part  of  the  vertical  glazing  are  made  in  tiles  or  plates 
about  4  in  square.  Tiles  are  built  up  in  large  sheets  in  frames  of  copper  or  1 
so  made  as  to  give  to  the  sheets  of  tiles  a  strength  and  durability  far  in 
of  a  single  sheet  of  the  same  size.  The  Luxfer  prisms  arc  made  for  factoiy- 
use  in  large  sheets,  as  well  as  in  the  small  tUes.  The  Solar  prisms  are  made  is 
small  tiles,  which  are  held  together  in  a  metal  frame  to  make  large  sheets.  The 
main  difference  between  the  Solar  and  Luxfer  prisms  is  that  the  under  face  of  the 
former  prism  is  curved  instead  of  plane,  as  in  D,  Fig.  9.  The  Daylight-poans 
tested  were  made  in  large  sheets  and  of  approximately  the  same  cxxiss-section  aad 
general  appearance  as  the  Luxfer  prisms  for  factory-use.  No  tiles  of  Daylight- 
prisms  were  tested,  as  none  came  to  hand  in  time  for  the  teat.  The  Mississipfx 
prism  glass  is  much  like  the  other  prisms  in  cross-section,  but  the  lidges  or 
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ntdoBcitniiiacrDMlbeiilBteiDKBtnightliiw,  but  in  ■  wivy  oi  liiiuont  Hoc. 

■dvaouse  ariiio^  fioni  thii  ova  (he  Mraifht-cdgc  priun  wu  detected. 

laelialcu.    <i}  The  condiliDiis  in  a  room  less  than  i;  ft  deep  aie  such 

,  except  with  a  skylif^t  of  less  tii*D  45°,  it  is  not  advisable  to  alter  the  gereial 

se  of  the  light  by  using  a  priunacic  or  ribbed  gjass.    A  netuiy  hemiapberical 

sion,  luch  as  is  given  by  the 

e  or  Rii^e-glass,  is  ordi- 

y  preferable. 

)  When  a  coom  is  fian  la 

1  ft  deep,  or  even  more,  and 

I  ikylight  of  60°  or  less,  the 

id  and  prismatic  gloss  results 

very  great  gaia  in  elective 

.    The  gain  in  brilliancy  i* 

as  to  make  a  basement  with 


I   Eght    I 


light-shafta    and    narroir    ng.   10.    Refraction  of   LigU  in    Ribbed    ud 
I  with  very  limftcd  openings  Piiia-^Bu 

e  sky,  wlrere  the  available 

is  now  small,  may  have  Ihe  light  lo  It  back  (rom  the  window  inoeued  ten 
coty  tima  by  using  prisms;  and,  by  using  canopia  ol  priinis,  it  is  sonie- 
possible  to  strengthen  tbe  light  fifty  to  one  hnndred  limes.  Whh  sky- 
s  of  30°,  or  less,  and  in  deep  rooms,  the  relative  effidoicy  of  the  prism 
icrcascs  greatly.  The  rdiaction  of  the  inddait  ray  in  a  case  of  the  ribbed 
^ut  and  prism  is  akown  in  Fig.  10.  Ribbed 
and  muc  gbee  arc  of  voy  great  tkIiu  in 
softBwig  the  light,  especially  in  the  case  of 
•DCh  windows  as  are  exposed  to  tbe  direct 
sun,  aude  fiom  their  dfecliveDess  in  strength. 
ening  the  light  at  distant  paints.  With 
the  Haac  glass,  the  artist  may  have,  in  all 
weather  and  in  all  directions,  what  is  in  eSect 
a  Boch-deand  noitk  ucht.  The  photog- 
r^iher  may  have  in  this  way  as  well  diSuscd 
a  light  as  he  now  has  with  cloth  screens  or 
shades,  and  with  a  much  greater  intensity. 
To  be  efficient  in  rooms  10  ft  deep  or  more. 
ribbed  rfaas  should  be  set  with  its  ribs  hori- 
zontal, and  where  the  sunlight  falls  upon  it,  it 
^ouM  be  provided  with  thin  white  shades. 
All  inferences  drawn  from  the  lest  are  mad: 
upon    the    assumption   that    the    ' 


the 


)    be  glaicd  n 
ipper 


1  diSu: 
which   i 


ing  glass  only 
be  glazed 


indering  both  eipMise  and  efficiency,  the  following  general  suggestions  are 
Use  Male  or  Rip[dfr.glass  in  small  roomi  or  offices  not  more  than  i ;  orio  ft 
useFactory-Ribbed  glass  in  rooms  from  30  to  50  ft  deep,  with  sky-angles  of 
more;  tse  prisms  or  Foctoiy-Ribbed  glass,  in  sheets,  in  all  vertical  win- 
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dows  in  rooms  more  than  from  50  to  60  ft  deep,  with  aky-angie  of  kas  than  45*. 
With  a  sky-angle  of  less  than  50**  use  prisms  in  canopies.  Fig.  11  slio«s  an 
effective  method  of  lighting. the  basement  and  first  story  where  the  Ught  most 
come  from  a  court. 
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ELECTRIC  WORK  FOB  BUILDINGS 

By 
W.  H.  TIMBIE 

ASSOCIATE    PROraSSOR    OF    ELECTRICAL    ENGINEERIMG,    MASSACHUSETTS    INSTITUTE    OE 

TECHNOLOGY 

General  Coatideratians  and  Definitions,  Electrical  energy  is  now  in  com- 
mon use,  furnishing  power,  heat  and  light,  operating  bells  and  buzzers,  and 
transmitting  messages  by  telephone  and  telegraph.  In  order  to  accomplish 
these  results,  a  current  of  electricity  must  flow  around  an  electric  circuit.  The 
nature  of  electricity  is  not  known,  but  the  flow  of  it  through  an  electric  circuit 
is  analogous  to  the  flow  of  water  through  a  system  of  pipes. 

Current.  Amperes.  The  flow  of  water  is  measured  in  gallons  pea  second. 
The  flow  of  electricity  is  measured  in  amperes.  An  ampere-flow  of  electricity 
b  analogous  to  a  gallon-per-second  flow  of  water.  The  amperes  thus  indicate 
the  quantity  of  electricity  flowing  through  an  electrical  appliance  in  one  second. 
About  H  ampere  is  flowing  through  an  ordinary  carbon-fllament  incandescent 
lamp  when  it  is  glowing  at 
i6  candle-power.  The  same 
curroit  of  Vi  ampere  causes  a 
modem  tungsten  lamp  to  pro- 
duce over  40  candle-power. 
An  arc-lamp  usually  requires 
a  flow  of  from  5  to  10  amperes. 

Prastore.  Volts.  When  a 
current  of  water  flows  from 
one  point  to  another  in  a  pipe- 
system,  it  is  always  because 
there  is  a  hydraulic  pressure 
present  causing  it  to  flow. 
This  pressure  is  usually  meas- 
ured in  pounds  per  square 
inch.  Similarly,  when  a  cur- 
rent of  dectridty  flows  from 
one  point  to  another  in  an 
electric  circuit,  it  .is  because 
causes  it  to  flow. 


a 


volts 


>* 


•f-A 


•3 


Fig.  1.    Current  Always  Flows  from  (-{-)  to  (— ) 


there  is  an  electric  pressure  present  which 
This  electric  pressure  is  measured  in  volts.  An  electric 
pressure  of  i  vOlt  is  analogous  to  a  hydraulic  pressure  of  i  lb  per  sq  in.  The 
pressure  which  causes  the  ^-ampere  current  to  flow  through  an  incandescent 
lamp  is  usually  no  volts.  The  electric  company  Instals  at  least  two  wires  in  a 
residence  and  then  maintains  an  electric  pressure  of  no  volts  between  them 
just  as  the  water  company  maintains  a  pressure  in  the  water-pipes.  This 
electric  pressure  is  at  all  times  tending  to  force  electricity  from  one  wire  to  the 
other  wire  across  the  space  between  the  two  wires,  just  as  the  water-pressure 
tends  to  force  the  water  out  from  the  pipe.  The  rubber  insulation  is  put  on  to 
prevent  this  flow,  very  much  as  the  strength  and  compactness  of  the  iron  pre- 
vents the  flow  of  water  through  the  walls  of  the  pipe.  But  when  one  terminal 
of  a  lamp  b  connected  to  one  wire  and  the  other  terminal  to  the  other  wire,  the 
electric  pressure  tending  to  send  a  current  from  one  wire  to  the  other,  sends  a 
current  through  the  hunp  and  causes  it  to  glow.    We  mark  the  wire  bringing  the 
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current  to  the  lamp  (+).  The  wire  taking  the  current  away,  we  mark  (~). 
Thus  in  Fig.  1,  if  the  current  comes  in  on  the  wire  marked  {x),  this  wire  b  (-r) 
and  the  wire  (y)  is  ( — ).  A  pressure  of  no  volts  is  maintained  which  tends  to 
cause  a  current  to  flow  across  from  the  wire  {x)  to  the  wire  (y).  No  current  can 
flow,  however,  unless  some  path  is  afforded  between  the  two  wires.  For  in- 
stance, no  current  is  flowing  through  lamp  Li,  because  the  open  switch  A  makes 
a  gap  across  which  the  current  cannot  pass.  Switch  B,  however,  is  dosed,  tliiB 
allowing  the  pressure  to  force  a  current  from  the  wire  (jr)  throv^  the  lamp 
Lt  to  the  wire  (y)  and  back  into  the  street-mains.  Of  course  the  electric  oom- 
pany  maintains  the  no- volt  pressure  between  the  wires  (x)  and  (y)  whether  any 
current  is  drawn  from  the  wires  or  not,  just  as  a  water  company  maintains  the 
pressure  in  the  water-mains  whether  any  water  is  drawn  from  the  pipes  or  not. 

Resistance.  Ohms.  The  fact  that  a  current  of  only  H  ampere  flows  throu^ 
an  incandescent  lamp  when  a  pressure  of  i  lo  volts  is  applied  to  it,  is  due  to  the 
RESISTANCE  of  the  fine  filament.  This  resistance  of  the  filament  is  analogous 
to  the  resistance  which  a  pipe  of  small  bore  offers  to  the  flow  of  water.  Tbe 
resistance  of  an  electrical  appliance  b  merely  the  ratio  of  the  pressure  to  the 
current  which  that  pressure  can  force  through  it.    As  an  equation,  it  b  expressed 

^    .  pressure 

Resistance  -  ■' 

current 

When  the  pressure  is  measured  in  volts  and  the  current  in  amperes,  the  re- 
sistance b  then  in  ohms.    Thus 

Ohms  —  — ' • 

amperes 

Thus,  since  a  pressure  of  z  lo  volts  forces  H  ampete  through  an  ordinary  in- 
candescent lamp,  the  resistance  of  the  lamp  b  ixo/H  *  220  ohms. 

Ohm's  Law.  This  relation  between  pressure,  current  and  resistance  b  called 
Ohm's  law.    It  b  written  in  symbob  in  the  three  forms 

R'-E/I 

E~IR 

I-'E/R 
where 

R  *  resbtance  in  ohms; 
E  -  pressure  in  volts; 
/  *  current  in  amperes. 

Bzamiile.  An  electric  flat-iron  has  a  resistance  of  35  ohms.  What  camnt 
will  flow,  through  it  when  it  is  put  across  a  iio-volt  drcuit? 

/  «  E/R  «  110/35  -  3.14  amperes 

Example.    An  electric  toaster  takes  iH  amperes  when  on  a  iis-vok  drcmt 

What  resbtance  does  it  have? 

R  -  E/I  -  115/1.S  ■»  76.6  ohms 

Insulators  and  Conductors.  In  order  that  practically  no  current  najr 
leak  from  one  wire  to  the  other,  the  wires  are  covered  with  rubber.  Thb  rubber 
covering  offers  such  high  resistance  to  the  flow  of  an  electric  current  that,  al- 
though two  wires  may  He  very  close  to  one  another  with  only  thb  rubber  b^ 
tween  them,  practically  no  current  leaks  through  the  rubber  from  one  wire  to 
the  other.  Materials  such  as  rubber,  glass,  porcelain,  dry  wood,  etc.,  have  this 
resisting  property  and  are  said  to  be  insulators.  Metals,  on  the  other  hand, 
offer  very  little  resistance  to  the  flow  of  an  electric  current  and  are  called  cas- 
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^  0DCIOK8.    A  copper  wire  >io  in  in  diameter  haa  a  resistance  of  only  H«o* 
^  of  an  ohm  per  foot.    Accordingly,  because  of  their  low  resistance,  copper  wires 

-  are  generally  used  to  cany  electric  currents,  and  because  of  its  high  resistance, 

-  nibber  is  generally  used  as  a  covering  of  the  copper  wires  to  prevent  leakage 
from  one  wire  to  another.  Wire,  approved  by  the  National  Board  of  Fire  Under- 
writen  and  installed  according  to  thdr  rules,  will  have  the  proper  insulating 

'  covering  for  each  installation. 

Power.  Watts.  The  flow  of  an  electric  current  has  been  likened  to  the  flow 
of  water  through  a  pipe.  A  current  of  water  is  measured  by  the  number  of 
gallons,  or  pounds,  flowing  per  minute;  a  current  of  electricity  is  measured  by 
the  number  of  amperes.  The  power  required  to  keep  a  current  of  water  flowing 
is  the  product  of  the  current  in  pounds  per  minute  by  the  head,  or  pressure, 
in  FEET.  This  gives  the  power  in  foot-pounds  per  minute.  To  reduce  to 
horse-power,  it  is  necessary  merely  to  divide  by  33  000.    Thus 

(pounds  per  minute)  X  (feet) 

»  horse-power 

33000 

In  exactly  the  same  way,  the  power  required  to  keep  a  current  of  electricity 
flowing  is  the  product  of  the  current  in  amperes  by  the  pressure  in  volts. 
This  gives  the  power  in  watts. 

Watts  -  amperes  x  volts 

The  term  watt  is  merely  a  unit  of  power,  and  denotes  the  power  used  when 
one  volt  causes  one  ampere  of  current  to  flow.  The  watts  consumed  when  any 
given  current  flows  under  any  pressure  can  always  be  found  by  multiplying  the 
current  in  amperes  by  the  pressure  in  volts.  Thus,  if  an  incandescent  lamp 
takes  0.5  ampere  when  burning  on  a  i  lo-volC  line,  the  power  oooBumed  equals 

0.5  X  no-  55  watts 
That  is, 

Power  *  current  x  pressure 
or 

Watts  "  amperes  x  volts 

Eicample.  What  power  is  consumed  by  a  motor  which  runs  on  a  230-volt 
circuit,  if  it  takes  4  amperes? 

Watts  —  amperes  x  volts  —  4  X  220 
Power  m  SSo  watts 

Incandescent  lamps  are  rated  as  to  the  voltage  of  the  line  on  which  they  can 
run,  and  also  as  to  the  amount  of  electric  power  it  takes  to  keep  them  glowing. 
Thus,  a  carbon-fllament  lamp  may  be  rated  as  a  no-volt,  50-watt  lamp.  A 
tungsten-lamp  may  be  rated  as  a  1 10- volt,  2  5 -watt  lamp.  This  means  that  both 
lamps  are  intended  to  run  on  a  i  lo-volt  circuit,  but  that  it  takes  twice  as  much 
power  to  keep  the  carbon-filament  lamp  glowing  as  it  does  to  keep  the  tungsten- 
lamp  glowing. 

The  Power-B«urtioa.  The  above  relation  between  volts,  amperes  and 
watts  is  usually  expressed  in  the  form  of  an  equation: 

P'JE 

I-'P/E 

E^'P/I 

where 

F  0  power  in  watts; 
/  *  current  in  amperes; 
£  wm  pressure  in  volts. 
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Bxftfflple.  What  current  does  a  40-watt  tungsten-lamp  take  when  nmniiig  oo 
a  1 1 5- volt  circuit? 

/  -  PjE  •■  40/115  ■■  0.348  ampere 

Power.  Kilowatt  and  Hone-Power.  Because  the  watt  b  so  small  a  noit 
of  power,  being  only  0.74  ft-lb  per  second,  a  larger  unit,  the  kilowatt,  is  gencr- 
ally  used  in  connection  with  machines,  etc. 

I  kilowatt  •"  X  000  watts  >-  iH  horse-power 

Thus  a  motor  drawing  10  amperes  from  a  3 20- volt  line  would  take  zo  x  2ao« 
a  200  watts  »  2  300/ X  000  «  2.2  kilowatts. 

At  80%  efficiency  this  motor  would  give  out  80%  of  3.3  -  1.76  kilowatts - 
1*76  X  iW  "  3H  horse-power. 

Horse-Power-Hour.  Kilowatt-Hour.  When  a  man  buys  mechanical 
power  to  run  machinery,  he  has  to  pay  not  only  according  to  the  horse-power 
he  uses  but  also  according  to  the  number  of  hours  he  uses  the  power.  For  in* 
stance,  he  may  use  40  horse-power  for  i  hour  and  pay  $i.30  for  it,  that  is,  at 
the  rate  of  3  cts  for  each  horse-power-hour.  If  he  uses  40  horse-power  for 
2  hours  he  would  have  to  pay  twice  as  much,  because  he  has  used  the  same 
power  twice  as  long.  Another  way  of  stating  the  same  fact  is  to  say  that 
he  used  twice  as  many  horse-power-hours.  For  in  the  first  instance  he  used 
40  X  I,  or  40  horse-power-hours,  and  in  the  second  40  X  3,  or  80  hoise-power- 
hours.  In  other  words,  he  did  twice  as  much  work  in  the  second  case  as  he 
did  in  the  first,  or  received  twice  as  much  energy.  The  unit  of  work  or  cnczgy, 
then,  b  the  horse-fower-bouk,  and  is  the  work  done  in  i  hour  by  a  i-hoise- 
power  machine. 

Bsample.  How  much  work  is  done  by  a  machine  delivering  15  h.p.  when  it 
Is  run  for  8  hours? 

X  h.p.  in  I  hr  does    i  h.p.-hr 
15  h.p.  in  X  hr  does  15  h.p.-hr 
15  h.p.  in  8  hr  does  8  x  15,  or  x3o  h.p.-hr 
That  is 

Work  >■  horse-power  x  hours 
or 

15  X  8-  i3oh.p.-hr 

Similarly,  electric  power  is  sold  by  the  kilowatt-hour.  This  unit  is  the  woik 
or  energy  delivered  in  one  hour  by  a  i -kilowatt  machine. 

For  lighting  purposes  electrical  energy  is  usually  sold  for  from  xo  to  15  cts  per 
kilowatt-hour.  Thus  at  1 2  cts  per  kw-hr  the  monthly  bill  for  burning  a  40-watt 
lamp  on  an  average  of  5  hours  per  day  would  be  computed  as  follows: 

For  X  month  of  30  days  the  lamp  is  burning 

30  X  s  ""  150  houn 
To  use  a  40-watt  lamp  150  hours  consumes 

40  X  150  *  6  000  watt-hours  »  6  ooo/i  000  -  6  kflowatt-hovn 
At  13  cts  per  kw-hr,  6  kw-hr  cost 

6  X  X3  -  $0.72 

An  instrument  called  a  kilowatt-hour  meter  is  placed  in  each  house  to  mets- 
ure  the  number  of  kilowatt-hours  which  each  customer  consumes.  See  M  b 
Fig.  13  for  location  of  Kilowatt-hour  meter,  and  Fig.  18  for  method  of  cob- 
nection  in  typical  installation. 

Heating-££fect  of  Current.  An  electric  current  always  heats  the  material 
through  which  it  passes.    Examples  of  this  are  the  incandescent  lamp,  in  wfakh 
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le  cumnt  heats  the  fine  tungsten  wire  until  it  glows;  the  electric  beaters  for 
iafii>g-<iishes,  toasters,  etc.  Even  the  wires  carrying  the  current  to  and  from 
le  kunps  are  heated  by  the  passage  of  the  current  through  them.  But  since  the 
sating  effect  for  a  given  current  is  directly  proportional  to  the  resistance  of 
le  conductor,  and  the  conductors  always  have  very  little  resistance,  the  heat- 
g  here  b  very  slight  indeed.  If  conductors  of  smaller  size,  and  therefore  of 
higher  resistance,  were  used,  the  heating  would  be  very  pronounced;  in  fact, 
would  soften  the  rubber  insulation  and  might  even  produce  a  temperature  high 
ough  to  set  fire  to  the  building.  For  this  reason  The  National  Board  of 
re  Underwriters  issues  a  table  specifying  the  size  of  wire  which  must  be  used 
r  each  amount  of  current.  If  smaller  wire  is  used,  the  resistance  of  it  might 
great  enough  to  raise  the  temperature  to  a  dangerous  degree.  On  the  other 
nd,  if  a  greater  current  than  allowed  by  this  table  is  sent  over  the  wire,  the 
npexature  wiU  also  rise,  because  the  hesiting  of  a  current  is  also  directly  pro- 
rtional  to  the  squa&e  of  the  current.  Thus,  doubling  the  current  which  a 
tain  wire  is  carrsring  will  quadruple  the  amount  of  heat  which  the  wire  must 
liate.    For  this  Tables  III  and  IV,  see  pages  1473  and  1474. 

PuMS  and  Circuit-BrMkera.  Use  is  made  of  the  heating  effect  of  a  current 
protect  a  circuit  against  too  much  current,  very  much  as  a  boiler  is  pro- 
ted  by  a  safety-valve  against  too  much  pressure.  A  small  piece  of  fusible 
tal,  generally  a  mixture  of  lead  and  bismuth,  is  inserted  in  the  circuit  in  such 
ay  that  all  the  current  which  passes  through  the  circuit  must  also  pass  through 
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piece  of  metal.  This  device  is  called  a  fuse.-  Any  current  which  would  ba 
gerous  to  the  circuit  melts  this  fuse,  opens<the  drcuit  at  this  point,  and  thus 
:ects  the  rest  of  the  Circuit  from  the  effects  of  the  current.  The  cause  of 
large  current  may  be  then  removed  and  a  new  fuse  inserted  in  place  of  the 
one.  Circuit-breakers  are  also  used  to  protect  a  circuit  against  too  much 
ent.  They  are  automatic  switches  controlled  by  an  electro-magnet  and 
made  in  a  variety  of  styles.  They  operate  upon  the  principle  that  when 
electric  current  passes  through  a  coil  of  wire  it  makes  a  magnet  of  the  coil, 
coil  is  so  adjusted  that  when  a  current  of  a  certain  number  of  amperes 
es  through  it,  it  attracts  to  itself  a  small  piece  of  iron.  The  motion  of  this 
e  of  iron  opens  the  circuit.  Fuses  and  circuit-breakers  are  thus  automatic 
:ty-devices  required  for  the  protection  of  all  constant*potential  systems 
tever  the  voltage.  Both  are  for  the  purpose  of  protecting  the  wires  from 
a^e  due  to  the  presence  of  too  much  current  from  any  cause  whatever, 
ordinary  fuse  consists  of  a  porcelain  base  that  has  suitable  terminals  for 
ting  a  fuse  between  the  ends  of  a  wire.  It  must  be  constructed  so  that  the 
ing  out  of  a  fuse  can  do  no  damage,  that  is,  set  anything  on  fire,  and  placed 
■c  it  can  easily  be  reached  to  replace  the  fuse.  *  Formerly  a  piece  of  fuse-wire, 
d  a  LiNX-FUSE,  was  used  in  cut-outs,  but  the  underwriters  now  require  en- 
d  fuses  (Fig.  2)  or  fusible  plugs  which  screw  into  a  receptacle.     Fuse- 
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tilugs  mfty  be  used  for  currents  up  to  30  amperes;  above  that  cadoaed  ima 
must  be  used.  Fuse-plugs  and  eacloeed  fuses  are  someirhat  move  expeaan 
than  the  link-fuse,  but  are  considered  safer.  A  fuse  cuiXKrr  or  cnccir- 
BREAKES  is  required  at  or  near  the  pUce  where  tlie  wires  enter  a  buiktiog,  sad 
every  circuit  of  twelve  x6-c.p.  carbon-lights  or  of  sixteen  40-watt  tungsten-Ggltt 
must  be  protected  by  a  cut-out.  Circuit-breakers  are  more  expensive  tJan 
fusible  cut-outs,  and  are  generally  used  only  on  switckboasos  for  large  in- 
stallations and  where  it  is  desirable  to  open  the  circuit  instantly  oo  ostain 
loads,  which  a  fuse  cannot  be  depended  on  to  do  with  any  degree  of  aconacy, 
owing  to  both  time  and  surrounding  temperature-factors.  Circuit-breakers  are 
also  used  largely  on  installations  where  the  variation  in  load  n  large  and  fie* 
quent  and  the  repeated  burning  out  of  fuse  would  become  expensive  not  only 
for  renewals  but  also  on  account  of  the  time  required  to  replace  them. 

Lamps.  Two  kinds  of  lamps  are  used  for  electric  lighting,  iKCAMDESCEieT 
LAUPS  and  ARC-LAMPS.  The  former  are  used  principally  for  interior  illumination, 
although  sometimes  used  for  street-lighting,  especially  where  the  streets  are 
thickly  shaded  by  trees.  Arc-lamps  are  especially  adapted  for  street-Ughting 
and  for  large  interiors  where  they  can  be  kept  oonoealed  or  above  the  range  of 
the  eye,  as  in  railway-stations,  stores,  etc.  An  incandescent  lamp  as  com- 
monly made  consists  of  a  glass  bulb  containing  a  simple  carbon  or  a  tungsten 
conductor  the  ends  of  which  are  connected  to  the  source  of  the  electric  curreat. 
When  the  current  flccws  through  the  fiUment  it  heats  it  to  such  a  degree  that  it 
becomes  incandescent;  hence  the  name  of  the  lamp.  The  lamps  with  the  fila- 
ment of  finely-drawn  tungsten  represent  the  latest  type  and  are  superior  is 
every  way  to  those  having  a  carbon  filament.  Tungsten-lamps  require  about 
one-third  as  much  power  to  produce  the  same  candle-power  as  carbon-lamps, 
and  have  a  much  longer  life. 

Voltages.  In  order  that  the  current  shall  cause  the  lamp  to  give  its  rated 
CANDLE-POWER,  it  must  be  designed  for  the  voltage  at  which  the  system  b  run. 
If  ihe  voltage  of  the  current  is  much  greater  than  that  for  which  the  lamp  b 
designed  it  wilt  quickly  bum  out  the  filament,  while  if  the  voltage  of  the  current 
is  below  that  of  the  kunp,  it  will  not  give  its  rated  candle-power,  a  voltage  xo^r 
lower  reducing  the  candle-power  about  one-half.  The  voltage  conunonl>'  used 
for  tungsten-lamps  b  from  xoo  to  130.  Tungsten-lamps  are  also  made  lor  velt* 
ages  of  from  20  to  a6o.  Two  to  four  candle-power  lamps*  for  iUunuaatiag 
signs  or  decorative  purposes,  are  made  for  from  10  to  13  volts  by  H-«oit 
steps,  these  lamps  bdng  cooomonly  used  in  series,  ten  lamps  on  a  100  to  130- 
volt  circuit.  Two  5-watt  lamps»  50  volts,  are  also  often  used  in  series  oa  a 
loo-volt  circuit. 

Candla-Power.  Incandescent  lamps  of  from  100  to  130  volts  are  oommoaly 
made  15,  20,  25,  40,  60,  100,  150,  250,  400  and  500  watts.  These  lamps  average 
I  candle-power  for  every  i.i  watts.  For  the  method  of  computing  the  number, 
fize  and  distribution  of  tungsten-lamps  for  illuminating  a  given  room  see  pagts 
1476  to  1478. 

Arc-Lamps.  These  are  of  two  kinds,  open  asc-lajips  and  enclosed  abc- 
tAiiPS,  the  latter  being  generally  used  for  interior  illumination.  The  light  from 
the  enclosed  arc  is  much  softer  and  steadier  than  that  from  the  old-style  open 
arc;  there  are  no  sparks,  and  the  life  of  the  carbon  is  from  tweK*e  to  fifteo 
times  as  great  as  in  the  open  arc. 

"  Direct-Current  Open  Arcs  usually  require  about  10  amperes  at  45 
volts,  or  450  watts.  The  range  of  voltage  is  from  42  to  52  for  ordinary  000- 
stant-current  arcs.    The  most  saUsfactory  light  u  given  by  froa  45  to  47  vohs. 
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iC'Iigfats  uMd  for  itenoptkon-lantenis  may  use  as  lui^  as  2$  amperes  and 
rovi^on  should  always  be  made  in  the  wiring-plans  for  such  a  light  for  sufB- 
ently  large  wires  to  be  installed  to  carry  one  and  one-half  times  this  current. 

**  Direct-Currant  Sndosad  Arcs  consume  about  5  amperes  at  80  volts,  or 
o  watts."  Arc-lamps  generally  require  a  resistance  in  series  with  the  arc 
order  to  regulate  properly.  Tlris  resistance  is  usually  placed  within  the  struc- 
re  of  the  lamp,  and  may  be  so  adjusted  that  a  single  lamp  can  be  made  to 
an  well  on  any  circnit  from  100  to  130  volts. 

Djmamo-BElectric  Machinea.    There  are  three  classes  oi  dynamo-electric 

icUnes: 

(i)  Genekatoks  for  generating  an  electric  current.  « 

(2)  Motors  for  converting  electrical  into  mechanical  energy. 

(3)  Transformebs  and  rotary  converters. 

(a)  Transformers  for  converting  one  voltage  into  a  higher  or  lower 
voltage.    Converters  and  transformers  belong  to  the  same  cUiss. 

{b)  Rotary  converters  for  changing  alternating  currents  to  direct 
currents  or  vice  versa. 

\  DYNAMO  b  either  a  motor  or  a  generator.  A  motor  is  the  same  maclune  as 
generator,  but  with  the  nature  of  its  operation  reversed.  Generators  are 
two  general  classes,  namely,  continuous-current  and  alternating-current 
chines;  the  latter  are  commonly  called  alternators.  Generators  and 
tors  of  all  kinds  vary  in  voltage,  current  and  speed,  according  to  the  pur- 
se for  which  they  are  designed.  A  transvovmer  consists  essentially  of  two 
Is  of  wire,  one  coarse  and  one  fine,  wound  upon  an  iron  core.    Its  ftmction 

0  convert  electrical  energy  from  one  voltage  to  another.  If  it  reduces  the 
tage  it  is  known  as  a  step-down  transformer,  and  if  it  raises  it,  it  is  known 

1  STEP'VP  transformer.  A  transformer  has  no  moving  parts  and  requires  no 
sndant. 

Cinds  of  Currents  Produced.  There  are  two  kinds  of  electrical  currents 
imonly  used  for  light  and  power  in  buildings,  (i)  direct  currsnts,  and  (3) 

•ERNATTNG  CURRENTS. 

A  direct  current  is  uniform  in  strength  and  direction,  while  an  alternating 
rent  rapidly  rises  from  zero  to  a  maximum,  falls  to  zero,  reverses  its  direction, 
lins  a  maximum  in  the  new  direction  and  again  returns  to  zero.  A  complete 
of  these  changes  is  called  a  cycle.  The  number  of  times  the  current  goes 
>ugh  these  changes  during  each  second  is  called  the  frequency  of  the  current. 
;  frequency  commonly  used  for  incandescent  lighting  is  60  cycles  per 
>nd;  that  is,  the  current  goes  through  the  above  changes  in  value  60  times 
second.  A  frequency  of  25  cycles  is  also  In  common  use,  especially  lor  run- 
C  motors,  although  it  is  not  so  satisfactory  for  use  with  incandescent  lights, 
direct  current  is  liken^  to  the  steady  flow  of  water  through  a  pipe-system, 
dtemating  current  may  be  Kkened  to  the  rapid  surging  back  and  forth  of 
er  in  a  pipe-system.  ]\fore  difficulty  was  experienced  in  utilizing  these  rapid 
;es  of  electricity  than  in  develo]nng  direct-current  apparatus.  Consequently 
use  of  the  alternating  current  was  retarded  but  is  now  becoming  general. 
I  advantages  of  alternating  over  direct  currents  are:  (i)  Greater  simplicity 
ynamos  and  motors,  no  commutators  being  required  in  some  types;  (3)  the 
ibiKty  of  obtaining  high  voltages  by  means  of  transformers  for  cheapening 
cost  of  transmission;  (3)  the  facility  of  transforming  from  one  voltage  to 
ther,  cfither  higher  or  lower,  for  different  purposes."  ^ 

*  Adapted  from  Kent's  Pocket  Book. 
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Tlibto  I.    AT«fmg«  Corrent  Taten  by  Diraet-Cvtrent  Motan 

Horse- 
power 

Amperes  on 
iio-volt  line 

Amperes  on 
330-volt  line 

Horse- 
power 

Amperes  on 
X 10- volt  line 

Amperes  Qfl 
330-volt  Hoe 

H 
H 
I 

3 
3 
5 
7W 

,         10 

15 

30 

3 

5.4 

9 
17 
as 
40 
58 
76 
114 
ISO 

1.5 
2.7 
4.5 
8.5 

13.5 

30 

29 
38 

57 
75 

25 

30 
35 
40 
SO 
60 
75 
85 
xoo 

186 

333 

a6o 
296 

93 

III 

130 
148 
185 

sao 

375 

313 

366 

The  current  taken  by  single-phaae  alternating-current  motors  can  be  found 
by  noting  the  current  taken  by  a  direct-current  motor  of  the  same  size  and  voh- 
age,  and  dividing  this  current  by  the  power-factor  of  the  aitemating-cuncnt 
motor.  To  find  the  current  taken  by  each  terminal  of  a  three-wire,  three-i^iise 
alternating-current  motor,  divide  the  current  taken  by  a  single-phase  alternat- 
ing-current motor  of  the  same  size  and  voltage  by  1.73. 

Bsaample.  What  current  is  taken  by  a  5-horse-power,  alternating-current, 
a  20- volt,  induction-motor  of  80%  power-factor? 

SdutioA.  A  5-horse-power,  direct-current,  aao-volt  motor  takes  30  ampcRs. 
A  single-phase,  s-horae-power,  330-volt  motor  of  80%  power-factor  takes  20/^ 
»  25  amperes. 

Electric^Ughting  Systems  Commonly  Used  for  Supplying  the 

Electrical  Snergy  to  Lamps 

Direct-Cnrrsnt,  ConstAnt-PotentUd  Systems.  The  systems  most  used 
in  America  are: 

(i)  Two-wire  system  largely  used  for  incandescent  lighting  from  small 
plants,  as  for  a  lazge  office-building  or  factory.  It  is  usually  operated  at  no 
volts. 

(2)  Three-wire  system  used  in  small  towns  for  the  lighting  of  buildings  from 
the  public  mains,  usually  operated  at  330  volts.  Also  in  lazge  cities  with  under- 
ground conduit-system.    See  pages  1466  to  1468. 

Five-wire  and  seven-wire  systems  with  high  voltage  have  been  used  is 
Europe,  but  very  little  in  America. 

Altdmating-Ciifrent,  Constant-Potential  Systems.    There  are  two  o> 

t<nns: 

(i)  S1NOLB-FHA8B  SYSXEM.  Current  transmitted  to  building  at  from  1 000  to 
2  000  volts  and  reduced  to  from  50  to  1x0  volts  by  a  transformer.  The  tena 
phase  is  used  in  connection  with  alternating-current  systems  only  in  the  seoB 
of  CIRCUIT.  Thus  a  single-phase  system  means  an  alternating-current  ^'stcm 
sending  out  power  from  one  drtruit  only  of  the  generator.  A  three-phase  system 
has  three  circuits. 

(3)  Three-phase  system.  Three  or  four  wires  are  used.  This  system  is 
most  used  for  lighting  from  public  plants,  principally  because  it  enables  botk 
lights  and  moton  to  be  operated  from  the  public  dsmamo  and  b  the  most  econoo- 
ical  in  wire.  (See  Table  II.)  Both  of  these  systesBft  are  used  for  incandescest 
lighting  and  for  power  from  central  stations.  For  a  comparison  of  a  thfce- 
wire  direct  current  with  a  three-phase,  three-wire  alternating  current,  see  pa|cs 
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Fig.  3.    Five  Lamps  in  Series  on  a  550-Volt  Line. 
Each  Lamp  has  a  V'oltage  of  zxo  Volts  Aciois  It 
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168-9.  An  alternating  current  may  be  changed  to  a  direct  current  at  a  sub- 
atioQ  by  a  rotary  converter  or  by  a  mercury-arc  rectifier.  The  Utter  is  very 
nerally  used  in  garages  in  order  to  convert  an  alternating  current  into  a  direct 
rrent  for  charging  storage- 
tteries. 

Methods  of  Connectiiig 
impa.  There  are  three  ways 
connecting  lamps  to  the  dis- 
bution- wires:  (i)  in  series; 
I  in  parallel;  and  (3)  in 
rallel  series. 

[i)  Lamps  in   Series. 

mps  are  said  to  be  connected 

series  when  they  are  arranged 

I  after  the  other,  so  that 

!  same  current  flows  through 

the  lamps.    The  most  com- 

n  example  of  this  system  is  the  lighting  of  electric  cars  and  the  stations  on 

electric-railway  Hne.  The  voltage  of  such  lines  is  usually  550  volts.  Since 
ordinary  incandescent  lamp  requires  but  1 10  volts,  five  of  these  are  placed 

eries  as  in  Fig.  3.    Each  lamp  now  has  a  pressure  of  no  volts  across  it,  and 

the  set  of  five  lamps  requires  550  volts  across  it,  and  so 
can  be  placed  across  the  railway  supply-wires.  When 
lamps  are  arranged  in  series  the  total  resistance  of  the 
drcuit  is  the  sum  of  the  resistances  of  the  several  parts, 
and  the  voltage  required  to  force  the  current  through  a 
number  of  lamps  in  series  is  the  sum  of  the  voltages 
required   for    the    separate    lamps.     Thus    the    voltage 

.=s^s:x^  required  to  supply  the  proper  current  for  four  5  a -volt 

Qjl  lamps  is  4  X  53  >"  208  volts.     Arc-lamps  for  street-lighting 

fiT  are  often  comiected  in  series,  but  incandescent  lamps  are 

^  very  seldom  comiected  in  series  except  as  described  above 

Tl  or  for  decorative  purposes  or  electric  signs.   Where  lamps 

of  low  voltage,  as  in  signs,  etc.,  are  used  on  no-volt 
I  sjrstems  it  is  necessary  to  connect  them  in  series.    The 

underwriters  do   not    approve    connecting    incandescent 
<  lamps  in  series.     The  series  system  requires  that  the  same 

"^^-vf^  S>  current  flow  through  each  lamp,  and  if  one  lamp  bums 
Qf^  I  yv  out  the  circuit  is  broken  and  all  of  the  lamps  will  go  out, 
M  I  IfL  unless  some  provisicm  is  made  for  maintaining  the  drcuit 
-     ---        ^      around  the  dead  lamps. 

it)  Lamps  in  Parallel.  This  is  the  common  method 
of  connecting  incandescent  lamps.  It  is  illustrated  in 
L  Foiur  L^ps  Pig,  4,  wjth  this  system  the  pressure  in  each  lamp  is  the 
Parallel.  E*^  g^jjj^  ^  jj^  ^jj^  distributing  lines,  and  any  lamp  may  be 
'pressure of  no  turned  on  or  off  without  affecting  the  other  lamps.  For 
ts  Across  It  this  system  the  FaESSURB  or  voltage  must  be  kept  con- 
stant, while  the  current  or  quantity  of  electridty  flow- 
n  the  lines  will  depend  upion  the  number  of  lamps  that  are  burning. 
with  twelve  i6-caadle-power  lamps  of  no  voltage  on  a  parallel  drcuit, 
Imnap  requiring  0.51  ampere  when  all  the  lamps  are  burning,  a  current  o£ 
or  673.3*  watts,  will  be  required.  With  but  one  lamp  burning^ 
*  Watts  being  oqnal  to  amperes  times  voUage. 
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a  current  of  only  0.51  ampere  will  flow.  The  voltage,  however,  must  be  the 
same  for  one  lamp  as  for  the  twelve.  For  lamps  in  parallel,  therefore,  a  com* 
STANT-90IEMTIAL  System  is  required.  The  current  for  lamps  in  parallel  nay 
be  turned  on  or  off  at  the  lamp,  or  a  switch-loc^  may  be  run  any  distance 
and  the  contact  made  by  a  switch  (5)  as  for  the  lower  lamp  (Fig.  4). 

is)  Lamps  in  Parallel  Series.    This  method  is  a  combination  of  the  other 
two.    Parallel  lines  are  run  as  in  the  parallel  system,  but  two  or  more  bmps 


Fig.  £.    Lamps  in  Paialld  Serin 


Fii^  6.   Lamps  m  Panlkl  Scriei 


are  connected  in  series  between  them  as  m  Figs.  6  and  6.  This  method  of  oon- 
necting  lamps  is  used  principally  in  phioea  wliere  it  is  desired  to  opeBate  lamps 
on  a  power  ^stem.  ftg.  5  shows  a  aeries  of  five  lamps  operated  on  a  500-volt 
system  and  Fig.  6  a  series  of  two  lamps  on  a  33o>volt  system  using  iio-volt 
lamps.    Any  mf>^her  of  series  may  be  ooniiected  aciofls  the  mains,  each 


ttmsa^ 


being  independent  of  the 

others.      But    in    each 

series  if  one  light  buns 

out,  the   others  in  the 

same  series  will  be  ase- 

Icas,  and  one  lamp  afeae 

cannot    be    used.    The 

sum  of  the  voltages  of 

Fig.    7.    The    Three-wire    Edison    System.     390    Volts    the  lamps  in  series  most 

Between  Outside  Wires;  Only  no  Volts  Between  Either    u^  onnroximAtcIv  eaol 

Outdde  Wto  ^  N«.t»I  Wta  l^^  volUge   betwS 

the  mains.    There  are  a  number  of  special  cases  in  which  this  method  d 
connection  may  be  used. 

The  Sdison  Three-Wire  Sjrttem.  Figs.  4,  5  and  6  are  examples  of  the 
two-wire  system  of  distribution,  which  is  the  system  reoonunended  for  avemcr- 
sixed  oflice-buildings,  apartment-houses,  theaters  and  stores.  Wliere  power 
for  motors  is  to  be  taken  from  the  same  plant  as  the  Kghting  current,  and  where 
the  power  is  not  too  great  a  portion  of  the  capacity  of  the  installation,  tUs  twa- 
whre  system  may  also  be  used.  Separate  mains,  however,  should  aider  aD  dr- 
camsCances  be  ran  for  the  motors,  as  the  variation  in  load  and,  oonseqyeDtly;, 
the  current-demand  on  the  mains  would  caiiae  a  veiy  apptedable  fluctuatiQa  ia 
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,  be  tuf^ilied,  no  and  210  ^ 
uit  supplying  the  arc  and 
indescent  li^ts  and  the 
-vott  circuit  the  maton. 
.  7  shows  how  the  wiics 
ruD    and    (xnnections 


s  ii  the 
voltase  tmumhtn)  fram 
generator,  usually  no  . 
t  for  interior  wirioj;, 
current  in  these  two 
s  flows  in  oi^>o>he  direc- 
t.       The    middle    wire, 

d      the     NEUIBU.    WIRE,  IPnpn, 

s   one  Mde  of  two  dr-  _)      [       | 

,  the  current  fttan  one  ■*]  Jt^  ' 

it    tending   to   flow  in  ||, 

Urection  and  that  from  I  ^  I 

ther  circuit  in  iJie  oppo-  3  O 

JirectiDn;    consequently  Hal 

currents  of  the  ».ne  [   J  » 

«  in  both  circuits  they    j^_  0.    Th,  wlrio*  of  ■  Cibiiiei.    Showing  How  lo 
alize  each  other  in  the        Divide  1  Thne-win  System  into  Six  Tna-win  Cii- 
e    wire   and  there  will        imlti,  Th«  Cin:uiU  lo  £vb  Lci 
current  flowini  in  thk 

Witb  a  current  ol  10  amperei  flowing   tn  one  circuit  and  one  of  4 
'ea  in  the  «tbcr  circuit,  the  cunent  flowinf  in  the  nenti^  wire  wiD  be  4 


c  Work  for  BuQdiogs 


Putl 


on  the  two-wire  system  as  In  Fig.  8.  Whi 
lishCtDg  only,  the  thice  nim  are  usually 
than  to  the  centers  ol  dblribu- 
tian,  and  fiom  these  centers 
t*o  irires  are  run  for  ™ch  cir- 
cuit, the  circuits  being  divided 
as  equally  as  possible  on  the 
two  sides  of  the  thtec-wire 
system  as  shown  by  Fig.  9. 
Three-wire  tnains  are  now  veiy 
commonly  used  where  the  cur- 
rent exceeds  loo  amperes.  ^ 
When  motora  are  operated 
from  thethree-wire  system  they 
are  usually  connected  only  to 
the  outside  wires.  Motors 
used  on  three-wire  incandes- 
cent-lighting systems  should 
be  wound  for  330  volts. 

CompaTJaon  of  the  Threa- 
Phaae  and  Three-Wire  Edi- 
aoa  Syilema.  The  wiling  (or 
the  Edison  three-wire  direct - 
current  system  is  the  same  as 
that  tor  the  three-wire,  three- 
phase  alfemalinp-current  sys- 
tem, the  only  difference  being  that  the  v 
A  three-phase  system  is  the  same.     Thus 

win^  tbne-piiuc  system  the  voltage  betw 


nun  this  system,  it  ibould  alwaji  be  ] 
me  load  or  number  of  lamps  on  ack  * 
side  of  the  neutral  wire.  Eva 
then  there  will  be  times  wla 
more  lamps  will  be  bumSng  on  ooc 
side  than  on  the  other,  so  thil  it 
is  necrssaiy  to  give  some  sin  to  | 
the  neutral  wire.  The  neutnl  ' 
wire  is  seldom  made  less  Ihia 
one-half  the  cross-section  of  tk 
outer  wins.  For  distributiiis 
mains  in  buildings  carrying  lamps 
only,  the  neutrii!  wire  should  lie 
of  the  SAME  SUE  as  the  autcf 
wires.  Fmm  Table  II  it  wil  be 
seen  that  the  three-wire  sysdni 
effects  a  coosideiable  saving  ta 
copper,  amounting  to  fully  60°^ 
ol  the  oidinaiy  two-wire  iio-mtt 
system.  As  a  rule,  in  supplyios 
current  for  light  and  power  tram 
one  plant,  the  main  wires  onb'  >re 
arranged  on  tiie  three-wire  systtra 

len  u^ng  the  three-wire  system  (or 
im  no  farther  within  the  bidUiag 


Fig.  11.    ' 


lltage    BETWEEN    AKY    TWO   WDIK  J 

in  Fig.  10  which  represents  a  three- 
Mo  the  wires  A  and  B  (i^Mse  No.  1) 
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no  volts;  between  B  and  C  (phase  No.  2)  is  no  volts;  and  between  A 
id  C  (phase  No.  3)  is  no  volts.  But  in  Fig.  11,  which  represents  a  three- 
re  direct^current  system,  in  which  the  volta^  across  A  and  B,  and'  B  and 
is  no  volts,  the  voltage  across  A  and  C  is  220  volts  or  twice  that  across 
her  leg. 

TaUe  n.     Relative  Wei^t  of  Copper  Required  in  Different  Systems  lor 

Equal  Effective  Voltafe 


Direct-current,  ordinary  two- wire  system 

Direct-current,  three-wire  system,  all  wires  of  same  size . 
Direct-current,  three-wire  system,  neutral,  one-haU  size. 

Alternating-current,  single-phase  two-wire  system. , 

Three-phase  three-wire 

Three-phase  four-wire 


1. 000 

0.37S 
0.313 
1.000 
0.750 
o  333 
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ITire-Gaiiget.*  As  the  diameter  of  wires  is  ordinarily  designated  by  the 
nber  of  a  wire-gauge,  and  as  there  are  a  number  of  wire-gauges  in  common  use, 
le  knowledge  of  those  used  for  copper  wire  is  necessary.  The  Brown  &  Sharpe, 
).  &  S.,  gauge  (see  page  1474)  is  almost  exclusively  used  in  America  in  connec- 
i  with  electrical  work,  except  where  the  size  of  the  wire  is  designated  in  cir- 
ir  nijls.  The  sizes  of  wire  given  by  this  gauge  range  from  No.  0000  (0.46  in) 
Jo.  40  (0.0031  in),  but  No.  14  is  the  smallest  size  permitted  for  interior  wiring. 
!  No.  10  wire  has  a  diameter  of  about  Ho  in  and  its  resistance  per  i  000  ft 
sry  nearly  z  ohm.  For  any  given  number  of  this  gauge  a  wire  three  numbers 
ler  has  very  nearly  half  the  cross-section,  and  one  three  numbers  lower  has 
e  the  cross-section;  thus  a  No,  13  wire  has  very  nearly  one-half  the  cross- 
ion  of  a  No.  10  wire,  and  a  No.  7  has  twice  the  cross-secticn  of  a  No.  10, 
)ur  times  that  of  a  No.  13. 

he  drcnlar-Mil  Wire-Gauge.  This  gauge  was  designed  by  the  engineer- 
iepartment  of  the  Edison  Company  especially  for  the  designation  of  copper 

for  electrical  work,  and  is  now  in  general  use  in  this  country.  In  practice 
B.  &  S.  gauge  is  commonly  used  for  designating  wires  up  to  No.  o  or  No.  00, 
all  wires  above  that  size  are  designated  by  circular  mils  (cm.).  The  size 
ire  required  is  often  determined  in  circular  mils  and  designated  by  the  corre- 
ding  B.  &  S.  gauge-number,  which  is  readily  done  by  means  of  Table  III, 

X473.  Copper  wire  is  sold  by  the  pound  if  bare  or  of  the  niunerous 
ber-proof  varieties,  but  rubber*covered  wire  is  sold  by  the  i  000  ft. 
le  basis  of  the  circular-mil  gauge  is  the  area  of  a  wire  Hooo  in  in  diameter 
il  «  ojoox  in);  consequently,  x  cm.  *°  0.0000007854  sq  in.  As  the  areas  of 
*s  vary  as  the  squares  of  their  diameters,  it  follows  that  the  sectional  area 
vire  2  mils  in  diameter  >■  4  cjn.,  of  a  wire  10  mils  in  diameter  100  cm.,  and 

I. 

tien  wires  are  designated  by  circular  mils,  the  sectional  area  and  not  the 
eter  is  generally  given,  cm.  always  referring  to  sectional  area.  The  diam- 
yf  a  wire  in  mils  or  in  thousandths  of  an  inch  -  square  root  of  its  area 

ZCXTLAR  MILS. 

US  the  diameter  of  a  wire  of  3  600  cm.  *  60  mils,  or  0.060  in. 

e  diameter  of  a  wire  14  400  cm.  >  lao  mils  -  0.12  in. 

e  area  of  a  wire  0.162  in  in  diameter,  or  162  mils,  «  162*  >-  26  244  cm. 

For  cythtf  gauges,  see  pages  401,  402,  403*  X473i  X509>  1510,  xsxa  and  z6oo. 
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T«  ftdvM  G&rcolar  milt  to  aqoare  iadiM.  Multiply  by  7  S54  and  point  o£  . 
ten  pUces  of  dedmals.    Thus,  5  000  cm.  »*  7  854  x  s  000  «  0.0039270000  sqn. 

To  obtain  the  lectional  ana  of  a  aqoaro  or  roctangular  bar  in  dicolnr  adit. 
Multiply  together  its  dimensions  in  mils  and  the  product  by  1.273. 

Example.     What  is  the  sectional  area  in  circular  mils  of  a  bar  H  in  X  M  'd? 

Solution.  H  in->o.i2S  in**  125  mils,  yi  in -0.250  in*  250  mib;  125 x  I 
250  X  1.273  -  39781.25  cm. 

The  weight  of  bare  copper  wire  per  1 000  ft  -  cm.  x  0.003027  lb.    Thus  the 
weight  of  I  000  ft  of  copper  wire  having  a  sectional  area  of  2  000  cm. »  0.003017 
X  2  000  -  6.054  lb.    Table  IV,  page  I474>  gives  the  dimensions  and  weights  of 
bare  copper  wire  from  No.  18  to  No.  0000  B.  &  S. 

Caxxyiag  Capacity  of  Copper  Wire.  The  safe  carrying  capacity  of  copper 
wire  for  interior  wiring  is  practically  fixed  by  the  underwriters,  and  if  the  ca- 
podty-limits  given  in  the  table  published  by  them  are  exceeded  it  would  teod 
to  destroy  the  right  to  recover  insurance  in  case  of  fire.  The  safe  canying 
capacity  of  rubber-covered  and  weather-proof  wires  given  by  the  Natknal 
Board  of  Fire  Underwriters  is  shown  by  Table  III,  page  1473.  The  lower  aaa- 
pere-capadty  assigned  to  rubber-covered  wires  is  due  to  the  fact  that  the 
rubber  insulation  would  deteriorate  in  quality  under  a  temperature  as  hi^ 
as  that  allowed  for  weather-proof  wire;  that  is,  the  rubber  covering  makes 
necessary  a  lower  rate  ot  heat-development  than  is  required  for  safety  from  fire. 
No  wire  smaller  than  No.  14  may  be  used  under  insurance-rules,  except  that 
No.  16  may  be  used  for  flexible  cord  and  No.  18  for  fixture-wiring.  Nos.  ij, 
II,  9  and  7  are  not  usually  carried  in  stock  and  can  only  be  purchased  on 
special  order.  Rubber-covered  wire  must  be  used  for  service-wires,  for  mold- 
ing-work  and  in  damp  places;  it  is  more  expensive  than  weather-proof  wire. 
The  latter  wire  may  be  used  in  open  or  exposed  places  and  for  ootode 
line-wires. 

Drop  of  Potential.  When  an  electric  current  flows  through  a  wire  of  any 
appreciable  length  the  pressure  becomes  reduced  by  the  resistance  of  the  wire, 
so  that  if  the  current  enters  the  wire  at,  say,  1 10  volts,  at  the  extreme  end  of  the 
circuit  it  will  be  somewhat  less,  dependhig  upon  the  length  and  sectional  area  of 
the  wire.  This  loss  in  voltage  is  called  drop  of  potential.  Drop  of  potentiil 
corresponds  to  loss  of  head  in  hydraulics.  As  a  drop  of  voltage  mateiiafijr 
below  that  for  which  the  lamps  are  designed  means  diminished  candle-povff, 
it  is  very  important  that  the  wires  be  proportioned  so  that  the  drop  shall  not  be 
sufficient  to  affect  the  illumination.  The  table  for  safe  carrying  capacity  liar 
wires  has  nothing  to  do  with  the  drop  of  potential  which  these  cufrents  vil 
cause  in  the  wires.  Accordingly,  mains  and  distributing  wires  may  be  capahle 
of  carrying  the  number  of  amperes  in  accordance  with  Table  III,  page  MTt 
and  yet  cause  a  drop  of  potential  of  such  magnitude  that  the  most  distant  lanps 
will  bum  only  at  a  dull  red.  It  is  therefore  necessary,  in  computing  the  siie  of 
these  mains  and  distributing  wires,  to  consider  two  things: 

(i)  That  the  wire  is  large  enough,  according  to  the  underwriters'  isbte, 
to  carry  the  current  safely. 

(2)  That  the  potential  drop  from  the  generator  to  the  farthest  lamp  ahil 
not  be  excessive.  An  excessive  drop  in  voltage  also  means  increased  cost  far 
light  and  not  enough  copper  in  the  wires. 

Where  the  current  is  supplied  from  the  public  mains  it  is  usual  to  spedfy  a 
2%  drop,  but  where  the  current  is  produced  cheaply,  as  by  a  dynamo  oa  the 
premises,  a  3%  or  5%  drop  may  be  allowed.  Not  more  than  a  s%  dropen^bsrt 
distances  should  be  pennittcd,  even  where  vecy  cheap  wock  is  deand.    The 


Wue-C»lcidfttk>iia  M71 

Irop  in  volts  (not  io  percentage]  -  amat  in  Hne  X  i«d*Uoce  ot  Baa,  Or  dlDp 
s  voJu  -  amperea  x  obmi. 

bampla.  Wlut  will  be  the  dcop  in  a  dicuit  of  No.  14  copper  win  iSo  ft 
oag,  nipiilyiiis  niiK  UmpB,  lequuiaK  ^.j  ompeics? 

SotatlDi.  From  TaHe  IV,  pa«e  M74.  it  ia  found  that  the  resistanoe  o(  No. 
4  viiE  b  J.ii7  ohms  per  i  000  ft;  hence  foi  i8d  ft  it  will  be  1.517  X  0.180  — 
.7075  olun,  and  drop  in  volts  •  4. j  X  0.7075  -  i,i&37  volts.  The  voltage  for 
his  cuntDl  (fi-s  aropeie  per  Ump)  will  be  about  no;  conaequently  the  per- 
entacc  ol  drop  -  j.iflj?/!  10-1  91ii%,  nearly.  A  1%  drop  od  a  ^esiure  of 
10  volts  is  1.1  vdts. 

Load>C*BtM.  Thetnianingof  Aisttnnmarbotbeillaitrateclbyaneiam- 
le.    Let  Rg.  13  icpieamt  a  circuit  carrying  ^  lamps,  the  6at  lamp  bdnf 


t^\ 


Pi(.  12.    The  ftint  i>  1*  the  Lotd-ctaua 


ft  from  the  cut-out,  or  lource  of  sui^ly.  The  vhole  of  the  curreiit  must  be 
tismitted  tbrou^  this  40  ft,  but  from  that  point  it  will  (frailually  fall  off,  and 

average  current  mil  only  extend  to  the  point  CD.  halfway  between  the 
reme  lamps.  Or.  in  other  words,  the  load-ienttr  is  analogous  to  the  center 
[ravity  of  the  lamps  on  (he  circuit.     The  load-center  detennioes  the  length  ot 

tine  in  the  rules  for  finding  the  necessary  ^zc  of  wire. 

a  buildiog  where  the  cst-out  cabiseta 
off. 

UesIati«ot  tor  Slia  at  Vire  foe  Inoutaaeent  LIxhtiag.  The  sizes  ol 
s  far  interior  lighting  are  or  should  be  always  determined  on  a  basis  of  a  fixed 
3  of  potential,  usually  1  volts  on  the  distributing  circuit  and  from  1  to  j 
s  on  the  feaden  or  mains.*  The  ue  of  wile  may  be  detmnined  cither  in 
I*  of  its  lectitHuJ  area  in  drculat  nils  or  in  tenii  of  iti  resittaace  in  ohmi 
I  ooo  ft.  Knowing  the  sectional  area  in  circular  mik,  coe  nay  find  the 
eapaoding  gaugo-nnmber  from  Table  in,  page  1473,  or  if  the  rajitance  in 
is  per  r  ooo  ft  is  luunra,  the  cone^Moding  gaugfrntunber  may  be  found 
I  Tabic  IV,  page  1474. 


dx%t^>  in  tbe  vtriog  !ni 


1472  Electric  Work  for  Bui]dixig3  Pan  3 

The  formula  for  circular  mils  is  as  follows: 

i-     1        -i       I0.4  X  2  rf  X  i\r  X  c  . . 

Circular  mils  — (x) 

V 

The  formula  for  resistance  per  i  coo  ft  of  wire  is 

Reastance  «  -ri ;  (i) 

N  Xc  X2d 

In  both  these  formulas  d  »  distance  in  feet,  one  way,  from  cut-out  to  k»d- 
center  (see  page  147 1)  for  distributing  wires,  or  from  entrance  cut-out  or  sonrce 
of  current  to  distributing  center  for  main  lines  or  feeders,  c  »  current  in  am- 
peres PER  LAMP.  iV  "  number  of  lamps  supplied,  v  «  drop  in  volts.  Bodi 
formulas  apply  to  any  voltage  and  to  any  two-wire  ^stem.  To  use  these 
formulas  for  the  ordinary  three-wire  s>'stem,  let  N  »  maximum  numl>er  of 
lamps  on  one  side  of  the  neutral  wire  and  double  the  drop  in  volts.  The 
neutral  or  middle  wire  should  be  of  the  same  size  as  the  outside  wires. 

Example.  The  distance  from  the  cut-out  to  load-center  of  a  drcmt  carryinK 
sixteen  40-watt,  i  lo-volt  lamps  is  50  ft.  What  size  of  wire  should  be  used  ias  a 
drop  of  2  volts? 

Solution,    d^  so;  N  »  16;  c-  40/110  i-  0.364;  and  9*2. 
By  Formula  (x), 

^.     ,        .,       10.4  X  xoo  X  16  X  0.364 

Circular  mils  ■ —  3  030 

2 

Table  m,  page  X473»  shows  that  the  next  larger  size  of  wire  is  4  107  cm, 

equivalent  to  a  No.  14  wire. 

By  Formula  (2), 

„    .  .  ^  1 000  X  2 

Resistance  per  i  000  ft  ■  z "  4-59 

12  X  0.364  X  100 

which  we  see  from  Table  IV,  page  1474,  is  about  the  resbtance  of  a  No.  16  wire; 
but  as  No.  14  b  the  smallest  wire  i)ermitted  that  size  must  be  used. 

Example.  The  distance  from  the  entrance  cut-out,  where  the  wires  enter  tbe 
building,  to  the  main  distributing  center  of  a  building  is  100  ft.  The  total  noa- 
ber  of  i6-candle-power,  iio-volt  carbon-lamps  supplied  b  ninety.  What  is 
the  size  of  the  mains  that  should  be  used  on  the  two-wire  ^stem  with  a  drop 
of  2  volts?  (A  i6-candle-power  no- volt  carbon  lamp  takes  aj^Koximatdy 
0.51  ampere.) 

Sohition.    d^  100;  i\r«  90;  c*  0.51;  v-  2 
By  Formula  (i), 

-,.      ,        .,       io«4  X  200  X  90  X  0.51 
Circular  nuls  « ■■  47  800 

2 

In  Table  HI  it  b  seen  that  No.  3  wire  must  be  used.  If  a  drop  of  3  vohs  is 
allowed  the  sectional  area  required  will  be  33  048  cm.,  which  requires  a  No.  5 
wire.  The  weight  per  i  000  ft  of  No.  3  weather-proof  wire  .(Table  IV)  b  aoo  lb 
and  of  No.  5  wire  1 25  lb;  consequently,  the  saving  in  weight  or  wise  by  uaag 
a  drop  of  3  vohs  instead  of  2  is  75  lb,  or  37^%  of  200,  and  as  wire  b  sM  by  the 
pound,  the  saving  in  cost  with  a  3%  drop  ranges  from  30  to  40%  of  a  2%  dn^ 

Example.  With  the  same  conditions  as  given  in  the  preceding  example 
what  is  the  size  of  the  wire  that  will  be  required  for  the  ordinary  threc-frire 
system  with  2%  drop? 
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Table  m.    Canyiof  Capftdty  of  Wuta  and  CablM 

rOR  INTERIOR  CONDUCTORS,  ALL  VOLTAGES 
From  the  National  Electrical  Code 


No.  of 

Capacity  in  amperes 

wire. 

Circular 

mils 

Rubber- 

Weather- 

gauge* 

covered 

prooC 

i8 

1624 

3 

5 

i6 

2583 

6 

10 

14 

4107 

15 

30 

13 

6530 

20 

as 

ZO 

103B0 

35 

30 

8 

165x0 

35 

SO 

6 

26250 

50 

70 

5 

33100 

55 

80 

4 

41740 

70 

90 

3 

52630 

80 

xoo 

2 

66370 

90 

I2S 

I 

83690 

100 

ISO 

O 

105  500 

125 

300 

00 

133100 

ISO 

225 

ooo 

167  800 

175 

275 

0000 

311  600 

325 

325 

Cables 

300  000 

300 

300 

300  000 

37s 

400 

400000 

325 

Soo 

500000 

400 

600 

600  000 

450 

680 

7'0o  000 

500 

760 

800000 

SSO 

840 

900000 

600 

920 

1000  000 

650 

xooo 

I  100  000 

690 

1060 

I  300  iXJU 

730 

I  150 

I  JOOOOO 

770 

X  220 

X400  000 

810 

z  290 

I  500000 

850 

1360 

I  600000 

890 

I  430 

1  700000 

930 

1490 

I  800000 

970 

I  550 

I  900000 

I  010 

x6io 

3000  000 

z  050 

X  670 

A  cuzrent  of  one  ampere  will  supply  two  z6-candle-power  carbon  lamps. 

lolution.    la  this  case  we  use  one-half  of  N,  or  45,  and  2  r  instead  of  v;  thea 

10.4  X  200  X  45  X  0.5 1 


Circular  mils 


II  920 


pust  ONE-fO0RTR  the  section  required  for  the  two-wire  system.  The  size 
irire  required  is  No.  8;  a  No.  9  would  answer  if  it  could  be  had.  Comparing 
wtaght  of  wire  required  with  the  two-wire  system  gives  two  No.  3  wires 
^hing  400  lb  per  i  000  ft,  and  with  the  three-wire  system  three  No.  8  wires 
filing  307  lb;  hence,  the  saving  in  cost  is  nearly  50%  and  if  No.  9  wire  were 
finable  the  saving  would  be  55%.    With  a  drop  of  3%  (3.3  volts)  the  dr- 

•1  '-^  r     .V    *!.         •  *.  10.4  X  200  X  45  X  Q.51     ^  ^_ 

r  mils  required  for  the  three-wire  system rr ■■  7  230^ 

0.0 

•  For  other  gauges,  see  pages  401.  40a,  403, 1469.  1509. 1510, 151 2,  and  1600. 
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Puts 


requiring  No.  lo  wires.  The  current  in  amperes  in  the  two-wire  system «-  X  x 
c  -  45 -Q.  ftnd  in  the  three-wire  system  yiNxc»  22.95.  Referring  to  Table  III 
it  is  seen  that  the  smallest  size  of  weather-pax)of  wire  pennitted  for  45.9  axnpefcs 
is  No.  8;  consequently,  No.  8  wire  could  be  used  with  the  two-wire  system  ud 
comply  with  the  undtfwriters'  rules,  but  the  drop  in  potential  would  be  45.9  x 
0.2  X  0.6285  (amperes  x  resistance  of  line)  -  5.77  volts;  or  over  5%. 

For  the  three-wire  system,  the  current  being  23  amperes,  the  smallest  weather- 
proof wire  permitted  by  Table  HI  is  No.  12,  which  would  give  a  drop  of  74 
volts,  or  3.8  volts  on  each  side,  or  about  3^6%  of  the  lamp-voltage.  Except 
on  very  short  lines  a  2%  drop  will  always  demand  larger  wires  than  required 
by  the  underwriters,  and  this  is  also  usually  true  of  a  3%  drop. 


Table  IV.    Dimensions,  Weights  and  Resbtanccs  of  Copper  Wire 


Gauge- 
number, 
B.&S. 

Diameter 
in  mils 

Area  in 
dr.  mils 

Area  in 
sqia 

Weight  in  lb  per 
1000  ft 

Bare 
wire 

Weather- 
proof* 
wire 

Ohmsjier 

xoooh 

at20*C 

or  68*  P. 

0000 
uuu 

00 
0 

I 

2 

3 
4 
5 
6 

7 
8 

9 
10 

12 
13 
14 
15 
16 

17 
18 

460 
410 
365 
325 
289 
258 
229 
204 
182 
162 

144 
128 
114 

IQ2 
?' 

8x 
.       72 
64 
57 
51 
45 
40 

211  600 

167800 

133  100 

105500 

83690 

66370 

52630 

4x740 

33100 

26250 

20820 

16  510 

13090 

10380 

«234 
6530 
5178 
4107 
3257 
2583 
2048 
1624 

0.166x90 
0.131790 
0.X04520 
0.082887 
0.065732 
0.052x28 

0.041339 
0.032784 

0.025999 
0.020618 

0.016351 
0  012967 
0.010283 
0.008x55 
0.006466 
0.005129 
0.004067 
0.003225 
0.002558 
0.002008 
0.001608 
0.001275 

640.73 
506.12 
401.97 
3x9.74 
2S3  43 
200.98 
159.38 
X26.40 
KOO.23 

79.49 
63.03 
49-99 
3965 
31-44 
24.93 
X9  77 
15-68 

12.44 

.      9.96 

7.82 

6.20 

4-92 

teo 

666 
500 
363 
313 
250 

300 
144 
X25 

los 

87 
69 

0.04893 

0.06x70 

0.07780 
0.098x1 

0.1237     j 
0.XS60     , 

0.1967 

0.2480 

0.3x28 

0.3944 

0-4973 

0.6271 

0.7908 

0.9972 

X.2S7 

1.586 

I  999 
a.  527 

3  179 
4.009 

5.0SS 

6.374 

50 

31 

22 

u 

II 

*  Approximate  weight  of  weather-proof  line-wire  for  outdoor  woik  is  10%  less  tlaa 
here  given. 

To  find  the  smallest  sise  of  wire  that  will  comply  with  the  trnderwritcra'  rda 
It  is  only  necessary  to  compute  the  total  current  in  ampeies,  and  from  Table  III 
tdect  the  wire  having  a  capacity  equal  to  or  next  above  tlie  required  number  of 
amperes.  Table  VI  shows  at  a  glance  the  maximum  number  of  xG-candle-povtr 
iio-volt  carbon  lamps  permitted  by  the  National  Code. 

Formulas  (i)  and  (2),  page  1472,  may  also  be  used  for  motok-wiung,  it  tk 
required  current  in  amperes  is  known,  by  substituting  the  gswen  mimber  of  a»- 
peres  for  Nxc, 
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Ttbto  V.    KudnnUB  Longfeh  «(  Line  for  Giren  Number  of  Lemps  tint  can 
be  Uoed  with  n  Two-P«r-Cent  Drop.    Two-Wire  System 

Baaed  on  H  ampere  per  carbon-lamp.    One  33-candIe-power  carbon-lamp  ■■ 
two  x6<andle-power  carbonrlanip&.    Four  40-watt  tungsten- 
lamps  —  three  x6-caodle-power  carbon-lamps 


No.  of 

Number  of  16-candIe^power,  xio-volt  carbon-lamps 

wire, 
B.ftS. 

4 

6 

8 

xo 

XX 

12 

16 

20 

24 

gauge 

Maximum  length  of  line,  one  side,  in  feet 

14 
xa 

xo 
8 
6 

209 

139 

aax 



104 
166 
264 

83 

X33 
211 
326 

76 
120 

1J92 

397 

70 
IXO 
176 
272 
440 

52 

83 

X32 
204 
334 

42 

66 
305 
163 
267 

35 

55 

88 

136 

220 

Number  of  xft^randle-power,  ixo-volt  lamps 

• 

30 

36 

40          so 

60 

70        1        80 

90 

xoo 

Maximum  length  of  line,  one  side,  in  feet 

12 

xo 

8 

6 

5 

4 

3 

2 

I 

44 
70 

X09 

178 

225 

'     S« 

91 

X48 

187 
236 

52 
81 

X33 
x68 
212 
268 

43 

6J 

107 

I3S 

170 

214 
270 

54 
89 

1x2 

UI 
180 

225 
285 

37 

76 

96 

X2I 

X53 
X93 
343 

40 
66 

84 

106 

134 
169 
213 

59 

75 

94 

1x9 

ISO 

190 

53 

67 

85 

X07 

135 

X70 

For  three-wire  mains  with  220  volts  between  outer  wires  and  same  number  of  lamps  on 
eh  side*  length  of  wire  may  be  increased  four  times. 


Table  VI.    Maximum  Cartying  Capacity  ef  Wfares  in  Terms  of  i6-Candle- 
Power  xxo-Volt  Lamps,  HoweTer  Short  the  Wires  May  Be 

Baaed  on  M  ampere  per  lamp 
Four  40-watt  tungsten-lamps  ^  three  x6-candle-power  carbon-lamps 


No.  of 

• 

Number  of  lamps 

No.  of 

wire, 

B.&S. 

gauge 

Number  of  lamps 

"Wire, 

B.ftS. 

0au«e 

Rubber- 

covered 

Weather- 
proof 

Rtibber- 
covered 

Weather- 
proof 

14 

X9 

xo 
8 
6 

34 

34 
48 
66 
93 

33 

46 
64 
92 

130 

4 

3 

2 
I 
0 

X30 

153 

180 
214 
354 

184         i 
220 
262 
312 

370 
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rait  ] 

1  be  lUD  to  a  motot  tfau 
ft  Iram  the  diatJibutiiic 


Soli 


iuatl«-  What  should  be  the  uze  of  the  wins 
jire3  30  amperes  at  i»  volu  and  is  litiuted  la 
;,  the  drop  in  volts  not  lo  exceed  a%? 

Uiiiig  Formula  (i),  and  substituting  jo  for  W  x  c,  we  have 
X40ti 


Circulai  mill  -  — 


the  cuTTcat  id  amperes  ii 
stamped  on  every  motor. 
If  watts  are  siven,  the 
current  in  amperes  nuy 
be  found  by  dividjog  the 
waits  by  the  volta«e.  If 
kilowatts  an  siven,  multi- 
ply by  I  ooa  and  Ibca 
divide  by  the  voltage. 

Wiiinc-Table*.  Srr- 
eral  forms  of  wiring-t^iks 
which  are  very  useful  to 
electridaos  are  puMisfaed  m 
vuious  bocriu  on  electric- 
ity. For  oidiiuiy  iDteiior 
wiring    far    iio-volt. 


of  wire,  B.  &  S.  gauge, 
required  to  supfily  tbe 
given  Dumber  of  lan^  by 
first  ascertaining  the  length 
of  line  [one  way)  tlirouidi 
which  the  avenge  current 
flows,  as  elploJDed  under 
LoAti-CENTGt.  (Sec  pace 
1471  and  Fig.  12  ) 

Simula  Example  tl 
Wiriog.  To  show  ihe 
method  of  wiling  in  tt- 
dinary  buildiag  for  iocaa- 
descenl  lighting  we  rH 
take  a  two-stoiy  buiUnic 
having  a  Soot-plan  b 
shown  in  Fig.  13.  Meet 
I  of  the  light-outlets  are  on 
tbe  ceiling  and  are  iot- 
<aFed    by   a    small   dtde. 


In  the  specifications.  Let  us  assun 
lent  to  adding  eight  40-watt  lamps 
Tbe  meanings  of  the  symbols  used  a 


!  it  is  to  take  jao  watts.  This  is  equiva. 
Lo  this  circuit.  F  and  G  are  wall-ouilets. 
:  explained  on  page*  14^-5.    The  numbcn 
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nd  1  in^de  Ihe  circles  denote  the  number  of  i6-candle-power  tarboa-lunpi 
.he  outlet-  The  some  number  of  35-waIt  or  40-watl  tun^ten-Umps  may 
ays  be  used  wilhoul  overloading  the  ciccuita.  See  pages  i^gS  and  1399 
Standafd-Wiring  Symbols.  The  current  to  be  obtained  from  the  wires  ot 
public  lighting  company,  which  carry  a  current  at  no  volis  between  the 
side  wires,  and  at  [10  volts  between  either  outside  wire  and  the  neutral 
e.  The  feed-wires  far  the  building  should  enter  through  the  alley-wall  at 
lUt  the  level  of  the  second 
>r  and  should  drop  in  the    I 

the  main  fuse-block  and 
tch.  which  should  be  in 
small  cabinet  and  the 
:er  <.t/).  The  dislribu- 
i-cabinet  should  be  lo- 
^  near  the  cenler  of  the 
Iding,  say  at  DC,  and 
re  should  be  a  cabinet 
each  story.  From  this 
i  riet  we  will  run  lour  dr- 
s  for  each   sloiy,  which 

indicated  by  the  letters 

B,  C  and  D.    Circuit  A 

;   the  wire 


:cho 


the  w 


>rthe 


r  of  each  of  four 
ontrol  the  lights  in  Ibose 
ns.  All  of  the  lights  on 
uitCshou'dbc  controlled 
leys  in  tho  lamp-socliels. 
■pt  the  outlet  at  head  of  ? 


Fig.! 

The  lights  ( 


Cabinei-wiriDg  for  Knife-switch  CoDtml 
and  Oar 


rs.  which  is  controlled  by  a  snap  or  push-button 
lob  all  of  the  four  rircuits  would  be  controlled 
cnife -switches  in  the  cabinet,  as  shown  in  Fig.  14;  but  this  is  not  absolutely 

iza  of  Wire*.  The  load-center  of  dreuits  A.  C,  and  D  would  be  at  about 
points  marked  X  (Fig.  13),     For  circuit  B  talie  one-half  the  distance  olf 

add  to  it  the  distance  from  (  to  the  cabinet.  In  figuring  Ihe  length. 
ne.  6  ft  should  be  added  for  the  drop  from  ceiling  to  the  cabinet.  Let  us  as- 
e  that  tungsten-lamps  are  to  be  used.  In  computing  the  current  taken  by 
1  lamp  it  is  always  as.iuraed  that  no  smaller  than  a  4o.walt  tungsten  is  used. 

drop-lights,  markcd-O"  would  probably  be  is-watt  lamps,  but  must  be 
ited  as  40-watt,  according  to  the  underwriters'  rules.  The  number  of  40- 
;  lamps  and  length  of  wire  for  each  circuit  are  as  follows: 

Circuit  A,    S  lights,  41  ft  one  way  to  load-center. 

Circuit  B,  11  lights,  si  ft  one  way  to  load-center. 

Circuit  C,  16  lights,  37  ft  one  way  to  load-cenler. 

Circuit  D,  11  lights,  59  ft  one  way  to  load-cenler. 
Total  number  of  lamte,  47. 


■om  Table  V  we  see  that  the  mi 
carrying  twelve  carbon  or  sntt 
I  the  lamp-circuits  can  be  No.  ii 


ength  of  line  one  way  for  No.  i< 
tl  lamps  is  70  ft.  Consequently, 
lich  ia  the  smallest  size  permiti— 1. 
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Feed- Wires.  These  should  be  run  on  the  three-wire  system.  Allowing  for  * 
9  X  47  or  94  lamps  in  first  and  second  stories  and  eight  in  basement,  the  feed- 
wires  must  be  capable  of  supplying  102  lamps.  Each  40-watt  lamp  would  take 
40/1 10  =  0.364  ampere.  The  distance  from  outside  the  building  to  distribution- 
cabinet  is  about  72  ft,  allowing  for  three  drops.  Using  Formula  (1),  and 
assuming  that  there  will  be  fifty-one  lamps  on  each  side  of  the  three-wire  s>'steni,  4 
and  doubling  the  drop  in  volts,  gives 

n-     1        M       10.4  X  144  X  0.364  X  SI      -^^ 
Circular  mils  -  ■■  6  960  cm. 


which  calls  for  No.  11  wire;  but  as  this  size  is  not  carried  in  stock  we  must  use 
No.  10.  From  the  second  story  to  the  third  No.  12  wires  could  be  used.  For 
almost  all  buildings  lighted  from  a  central  station  the  lamp-circuits  will  not 
usually  require  a  wire  larger  than  No.  14,  so  that  about  the  only  wires  which 
the  architect  needs  to  look  after  are  the  wires  which  run  to  the  distributioQ- 
cabinets. 

Switches.  A  switch  is  a  device  for  opening  or  closing  a  circuit  at  will  either 
at  the  fixture  or  at  any  other  point.  In  the  better  class  of  buildings  the  majority, 
if  not  all,  of  the  ceiling-lights  are  controlled  by 
switches  placed  at  a  convenient  place  on  a  side 
wall.  Lights  may  be  controlled  at  any  distance 
from  the  fixture  by  running  a  switch-loop. 
For  controlling  either  a  single  lamp  or  fixture, 
or  any  number  of  lamps,  a  switch-loop  is  run 

as  shown  on  circuits  A  and  C,  as  in  Fig.  13.  Second  Story 

As  shown  also  in  Fig.  4,  one  side  of  the  loop  Floor 


must  be  connected  with  one  of  the  distributing    g  ^  ^ 


-^ 


■sr 


M[ 


<^aLamp 


Incolatiiur 
Material 


B  C/  D  E 


First  Stoiy 


I 


Fig.  15.  The  Lamp  Ma>'  Be  Turned  OflF  or  On 
From  Any  of  the  Five  Points,  A,  B,  C,  D, 
or£ 


Fig.  16.  The  Lamps  May  Be 
Turned  Off  or  On  From  Either 
the  First  or  Second  Stoo' 


wires  and  the  other  side  to  the  lamp.  \Mien  a  number  of  lamps  are 
to  be  controlled  by  one  switch,  as  in  the  case  of  hall-lights,  and  the  lamps 
in  large  rooms,  such  as  churches,  theaters,  concert-halls,  etc.,  a  separate 
circuit  is  usually  run  for  those  lamps,  and  a  switch  anywhere  in  one  of  tiw 
distributing  lines  will  turn  on  or  off  all  of  the  lights  on  that  line.  As  the 
underwriters  do  not  permit  more  than  twelve  16-candle-power  carbon  or  sixteen 
40-watt  tungsten-lamps  on  one  circuit,  not  more  than  these  numbers  of  lamps 
can  be  controlled  by  one  switch,  except  where  the  switch  is  placed  on  the 
mains.  It  is  also  practicable  to  control  one  lamp  from  two  or  three  places. 
Thus  by  a  duplex  or  three-point  switch  and  proper  wiring,  a  lamp  may  be  hghted 
or  turned  off  from  either  the  first  or  second  story  at  will.  By  means  of  twt 
three-point  switches  and  one  four-point  switch  a  first-story  haU-Ump  may  be 


Conduit-Systema  1479 

:ontro11cd  at  will  from  either  the  first,  second  or  third  stories.  I^g.  IS  show* 
'be  method  of  coalrol  from  any  nuni1>er  of  points,  ance  any  Dumber  of  4-point 
in»p-switthes,  such  as  B.  C  and  D,  can  be  inserted  between  the  3-point  switches 
i  and  £  il  mote  points  of  control  are  needed.  FIk.  16  shows  one  method  ot 
siring  for  controlling  a  hall-light  from  first  and  second  stories  by  means  of  two 
i-poinl  switches.  With  the  switches  in  the  position  shown  the  circuit  is  broken, 
u  there  is  no  connection  between  the  hmps  and  line  B.  By  turning  either 
witch  a  connection  is  made  with  line  B  and  the  current  will  flow. 
Kindi  af  Switebe*.    For  controlling  lamps  from  one  point  three  kinds  ot 


nd  KSiFE-sw ITCHES.     When  less  than  eight  lamps  are  controlled  by  th , 

-fiushor  push-button  switch  is  commonly  used  where  a  neat  appeaiance  isdeaii- 

ble,  and   in    i^cea  where   this  is  of   no 

uportance,  a  snap-switch  is  used,  as  it  U 

he  cheaper.     Where  a  circuit  of  twelve  or 

lore  lamps  is  controlled   by  a  switch,  a 

Duble-pole   (d.p.)   knife-switch   (Fig.  17) 

.  commonly  used,  being  generally  pbced 

I  a  cabinet.    Knile-switches  should  always 

c  used  on  main  wires.     Snap  and  push- 

utlon  switches  are  made  both  single  and 

juble  pole.    A  single-pole  switch  opens 

liy  one  ^de  of  the  circuit  and  a  i>ouble- 

itE   switch  both   sades.    A   double-pole 

life-switch   necessarily  opens  both  «des.  Fig.  17.    Common  Knife-switdi 

switch   used   on   a    three-wire   system 
ust  have  three  poles.    Double-pole  snap  and  push-button  switches  are  seldom 
ed  for  less  than  twelve  lamps.     Duplex  siviiches,  sometimes  called  tHhee- 
i[NT  swiTctlKS,  are  usually  of  the  snap  or  of  the  push-button  type. 
Condnit-Sritemi.     .\s  weather-proof  or  rubber-covered  wire  cannot  be  nm 
brick  walls  or  floors  of  brick,  tem-colta.  or  concrete  without  some  protection 
her  than  the  covering  of  the  wires,  it  is  necessary  in  such  places  to  run  the 
res  in  tubes  or  conduits,  and  in  fireproof  buildings  all  of  the  lighting-wires 
e  generally  run  in  a  system  of  conduits. 
Kinds  ot  Conduits.    There  are  two  kinds  of  interior  conduits  now  in  com- 

(I)  Lined  Hild-St«l  Pipe.  The  lining  consi^^ts  of  a  (hin  coat  of  enamel 
lich  must  be  impervious  to  water,  sulphuric  acid,  acetic  acid,  hydrochloric 
id  and  carbonate-of-soda  solutions.  For  regular  conduit  systems  only  mild- 
«l  piping  of  the  same  thickness  as  ordinary  gas-piping  is  approved  by  tbe 
derwriters.  The  conduit  must  be  continuous  from  outlet  to  outlet  or  jimclion- 
:ies  or  cabinets  and  must  properly  enter  and  be  secured  to  all  fittings,  and  tbe 
tire  system  must  be  mechanically  secured  in  position.  Mild-steel  pipe  may 
galvanized,  coated,  ur  enameled  on  the  outside,  but  it  must  be  enameled  on 

.tailed  in  the  same  manner  as  a  good  job  of  ga'^-fitling,  except  that  !or  conduits 
!  |Mpe  may  be  bent  to  a  cur\'e  and  no  elbow  can  be  u<cd  having  less  than 
r-in  radius  for  the  inner  edge.  Wherever  branches  are  taken  off,  junction- 
ices  must  be  provided  and  every  outlet  must  have  an  approved  outlet-box  or 
le-  The  wire  drawn  into  conduit!  must  be  of  at  least  No.  14  size,  rubber- 
rered  and  with  double  braid.  .Ml  conduit-systems  mus 
meeting  tbe  steel  pipe  by  a  conductor  to  tbe  gas  or  water  system. 
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(a)  Flexible  Armored  Conduit.  This  is  made  of  metal  ribbon  wound  spirally, 
is  generally  used  in  wiring  old  houses  because  it  is  easier  to  install.  Circul\r 
LOOM  is  flexible  woven  tubing  treated  with  insulating  material  that  makes  it  bold 
its  shape.  This  may  be  used  in  dry  places  and  for  outlets  through  plastering 
if  it  extends  back  to  the  nearest  porcelain  knob  holding  the  wire  which  the 
conduit  covers. 

National  Electrical  Code.  The  National  Board  of  Fire  Underwriters,  in 
conjunction  with  committees  from  the  American.  Institute  of  Architects,  and 
from  the  national  associations  of  electrical,  mechanical  and  railway  engineers 
have  prepared  a  code  of  rules  and  requirements  for  the  installation  of  electrical 
lighting  which  is  the  generally  recognized  standard  and  with  which  all  interior 
wiring  must  comply  if  it  is  desired  to  obtain  insurance  on  the  building.  This 
code  has  also  been  made  a  part  of  the  ordinances  of  most  of  the  larger  cities. 
It  is  revised  every  two  years,  in  the  odd-numbered  years.  The  National  Board 
of  Underwriters  also  publishes,  semi-annually,  a  supplebcent  to  the  National 
Electrical  Code  which  contains  a  list  of  all  articles  that  have  been  examined 
and  approved  for  use  in  connection  with  the  code,  together  with  the  names  of 
the  manufacturers.  Articles  not  included  in  this  list  will  not  be  (>assed  by  the 
inspectors.  Copies  of  the  code  and  supplement  can  be  obtained  from  the  nearest 
Underwriters*  Inspection  Bureau,  or  by  writing  to  the  Underwriters*  Laborm- 
tories,  382  Ohio  Street,  Chicago,  III.  The  following  requirements  apply  to 
almost  every  installation,  and  every  architect  should  be  conversant  with  them. 

Extracts  from  the  National  Electrical  Code** 

(i)  All  wire  for  concealed  work  must  be  of  the  best  approved  rubber-covered 
brands,  as  shown  in  List  of  Fittings.  No  wire  smaller  than  No.  14  B.  &  S.  gauge 
to  be  used.     All  wire  run  in  conduits  must  have  double-braid  covering. 

(2)  Where  wires  are  concealed  and  run  parallel  to  joists  they  must  be  sup- 
ported on  porcelain  knobs  which  hold  the  wires  at  least  i  in  from  woodwork 
or  surface  wired  over.  Knobs  must  be  securely  fastened  and  mi:st  be  pi_\ced 
EVERY  4H  FT.  Where  wires  are  run  through  joists  they  must  be  bushed 
with  porcelain  tubes  the  entire  width  of  joists.  All  wires  must  be  drawn  tight, 
so  as  to  have  all  slack  removed. 

(3)  In  concealed  work  all  wires  must  be  separated  frobc  each  othek  by 
AT  LEAST  5  IN.  Where  wires  run  down  partitions,  especiallj'  partitions  formed 
by  2  by  4-in  studs,  the  wires  must  be  so  supported  as  to  run  in  the  middle  of 
partition.  If  more  than  two  wires  are  run  down  partition  between  studs,  they 
must  be  separated  by  at  least  5  in. 

(4)  Where  wires  pass  through  floors  they  must  be  protected  from  the  floor 
up  to  a  point  5  ft  above  the  floor  with  conduit  or  with  boxing.  There  must 
always  be  a  space  of  i  in  between  the  wires  and  the  boxing. 

(s)  All  joints  must  be  securely  soldered  and  taped.  A  splice  to  be  appitn^ed 
must  be  both  mechanically  and  electrically  secure  without  solder,  but  musi  be 
soldered  unless  made  with  some  form  of  approved  splicing-device.  Joints  to 
be  properly  taped  require,  where  rubber-covered  wire  is  used,  first  to  be  taped 
with  rubber  tape  and  then  with  friction-tape.  The  insulation  of  a  joint  must 
equal  that  on  the  conductors. 

(6)  Where  wires  enter  the  building  they  must  be  provided  with  drip-loo{)S. 

(7)  There  must  be  a  main  cut-out  and  switch  installed  in  an  easily  acce»> 
sible  place,  as  near  as  possible  to  the  point  where  the  wires  enter  the  building. 

•  The  numbers  here  piven  do  not  correspond  with  those  in  the  code,  and  seveni  <rf 
the  rules  are  much  abridged.  They  are  intended  to  give  the  substance,  rather  tham  the 
exact  language. 
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This  will  require  that  cut-out  and  switch  be  placed  where  there  is  no  need  of  a 
i2-ft  ladder  to  reach  them.     (See  lig.  i8.) 

(8)  Every  lighting-circuit  of  660  watts  must  be  protected  by  a  cut-out 
This  will  limit  the  number  to  twelve  i6-candle-power  or  sixteen  40- watt  lights 
m  a  two-wire,  iio-volt  circuit,  and  to  thirty- two  40- watt  or  twenty  i6-candlc- 
30wer  lights  on  a  three- wire,  2 20- volt  circuit.  By  special  permission,  where  No.  1 4 
vire  is  carried  directly  to  keyless  sockets,  and  where  the  location  of  the  sockets 
s  such  as  to  render  unlikely  the  attachment  of  flexible  cords  thereto,  'the  circuits 
nay  be  so  arranged  that  not  more  than  i  320  watts  (or  32  sockets)  may  be  de- 
indent  upon  the  final  cut-out.  Sockets  are  to  be  considered  as  requiring  not 
ess  than  40  watts  each. 

(9)  All  cut-outs  must  be  placed  in  an  asbestos-lined  cabinet.  The  as- 
lestos  must  be  at  least  H  in  in  thickness  and  securely  held  in  place  by  shellac 
nd  tacks.  Lumber  of  which  cabinet  is  made  must  be  at  least  ^4  in  in  thickness, 
'abinet  must  be  furnished  with  snug-fitting  door;  door  to  be  hung  by  strong 
inges  and  to  be  furnished  with  a  suitable  catch. 

(10)  Cut-outs  to  be  approved  must  be  of  the  plug  or  of  the  cartridge-type. 

(11)  Enclosed  arc-lamps  and  incandescent  lamps  must  not  be  placed  on  same 
rcuit.  Arcs  must  be  on  separate  circuits  by  themselves.  Each  arc-light  must 
B  protected  by  an  approved  cut-out.  The  cut-outs  are  to  be  placed  in  an  as- 
2stos-lined  cabinet. 

(12)  The  practice  of  using  fused  rosettes  will  not  be  approved,  except  in  mills. 

(13)  Where  wires  run  down  the  side  wall  they  must  be  protected  from  me- 
lanical  injury. 

(14)  All  outlets  must  be  made  to  conform  to  Rule  24,  National  Electrical  Code. 

(15)  Fans  in  series  will  not  be  approved. 

(16)  Runs  of  lamp-cord  will  not  be  approved.  Lamp-cord  is  designed  to  be 
ed  for  drops  only.    Ordinary  insulated  wire  must  be  run  to  place  desired. 

(17)  Electric  heaters  must  be  installed  in  accordance  with  Rule  25  a-f,  National 
ectrical  Code. 

General  Suggestions  for  Electric  Work* 

General  Principles  and  Recommendations.  In  all  electric-work  con- 
ctors,  however  well  insulated,  should  always  be  treated  as  bare,  to  the  end 
it  under  no  conditions, 
sting  or  likely  to  exist, 
1  a  grounding  or  short 
:uit  occur,  and  so  that 

leakage  from  con- 
:tor  to  conductor,  or 
ween  conductor  and 
und,  may  be  reduced 

the  minimum.  In 
wiring  special  atten- 
i  must  be  paid  to  the  mechanical  execution  of  the  work.  Careful  and 
t  running,  connecting,  soldering,  taping  of  conductors,  and  securing  and 
iching  of  fittings,  are  specially  conducive  to  security  and  efficiency,  and  will 
itrongly  insisted  on.  In  laying  out  an  installation,  except  for  constant-cur- 
:  systems,  the  work  should,  if  possible,  be  started  from  a  center  of  distri- 
lon,  and  the  switches  and  cut-outs,  controlling  and  connected  with  the  several 
iches,  be  grouped  together  in  a  safe  and  easily  accessible  place,  where  they 
be  readily  got  at  for  attention  or  repairs.    The  load  should  be  divided  aa 

*  Preface  to  the  National  Electrical  Code 
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Main  Fuse  Block 
Outside  Wall 


Potential  Wire 


Fig.  18.    Main  Switch,  Fuse-block  and  Meter  Located  Near 
the  Point  of  Entrance  of  the  Service-wires 
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evenly  as  possible  among  the  branches,  and  all  complicated  and  unnecessary  ^ 
wiring  avoided.  The  use  of  wireways  for  rendering  concealed  wiring  per- 
manently  accessible  is  most  heartily  indorsed  and  recommended;  and  this 
method  of  accessible  concealed  construction  is  advised  for  general  use.  Arcb- 
itects  are  urged,  when  drawing  plans  and  specifications,  to  make  pro\nsion  for 
the  channeling  and  pocketing  of  buildings  for  electric-light  or  power-wires,  and  ^ 
in  specifications  for  electric  gas-lighting  to  require  a  two-wire  circuit,  whether 
the  building  is  to  be  wired  for  electric  lighting  or  not,  so  that  no  part  of  the 
gas-fixtur»  or  gas-piping  be  allowed  to  be  used  for  the  gas-lighting  circuit. 
Fig.  18  shows  a  common  arrangement  of  main  cut-out,  switch  and  meter,  to 
comply  with  Rule  7,  page  1480.  The  main  cut-out  and  switch  should  be  as 
near  as  possible  to  the  outside  wall,  but  the  meter  may  be  at  some  dbtance  from 
the  switch  if  desirable  for  any  reason. 

Specifications  for  Interior  Wiring* 

Specifications  for  Interior  Wiring  should  provide:  "* 

(i)  That  the  wiring  shall  be  installed  in  accordance  with  the  latest  rules  and 
lequirements  of  the  National  Board  of  Fire  Underwriters,  the  local  ordinances, 
and  the  rules  of  the  local  electric  light  company,  where  current  is  to  be  taken 
from  the  public  mains. 

(2)  No  electrical  device  or  material  of  any  kind  to  be  used  that  is  not  approved 
by  the  Underwriters'  National  Electric  Association,  and  all  articles  must  have 
the  name  or  trade-mark  of  the  manufacturer  and  the  rating  in  volts  and  amperes 
or  other  proper  units  marked  where  they  may  readily  be  observed  after  the 
device  is  installed. 

Requirements  (i)  and  (2)  are  sufficient  to  insure  a  safe  installation. 

(3)  Contractor  must  obtain  a  satisfactory  certificate  of  inspection  from  the 
city  inspector  or  from  the  inspector  of  the  local  board  of  fire-underwriters. 

(4)  If  the  wires  are  to  run  in  a  conduit  system  it  should  be  so  specified.  Wlien 
a  conduit  system  is  used,  the  wires  should  not  be  drawn  in  until  all  mechan- 
ical work  as  far  as  possible  is  completed.  It  b  best  to  wait  until  after  the 
plastering  is  dry.    All  conduit  systems  must  be  groitided. 

(s)  Size  of  Wires.  The  best  method  is  to  specify  the  size  of  all  wires,  no  wire 
to  be  less  than  No.  14  B.  &  S.  gauge;  but  if  the  architect  does  not  care  to  do  this, 
the  following  clause  b  sufficient,  provided  he  can  have  confidence  that  the 
contractor  will  comply  with  it:  "All  wires  must  be  of  such  size  that  the  drop 
in  potential  at  farthest  light-outlet  shall  not  exceed  2%  under  maximum  load." 

(6)  Cut-out  cabinets  and  where  they  are  to  be  placed;  also  location  of  main- 
line cut-out  and  fuse.  For  buildings  containing  not  more  than  forty  lights,  one 
distributing  point  is  generally  sufficient,  although  in  large  houses  it  is  (rften 
convenient  to  have  a  cut-out  cabinet  in  each  story. 

(7)  Number  and  kind  of  switches.  All  outlets  should  be  marked  on  the 
plans,  and  the  number  of  lights  indicated  by  figures  1,  2,  3,  4,  etc.,  as  in  Fig.  13. 
See  pages  1484  and  1485  for  standard  symbols.  The  location  of  all  switches 
for  controlling  lights  should  also  be  indicated  on  the  plans. 

Approximate  Cost  of  Wiring  for  Incandescent  Lighting.     Approximate 

estimates  of  the  cost  of  wiring  buildings  for  electric  lighting  are  usually  based  <a 
the  number  of  outlets  (not  lamps).  The  actual  cost  will  depend  upon  the  num- 
ber of  pounds  of  wire  required,  the  kind  and  number  of  switches,  character  of 
cut-out  cabinets,  etc.,  and  the  time  required  to  do  the  work,  so  that  a  dose 

*  Wiring  specifications  for  buildings  having  their  own  geoeratiog  plant  shoold  be 
pared  by  an  expert. 
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estimate  cannot  be  made  without  plans  and  q>ecifications.  Again,  wages  and 
prices  of  material  vary  to  a  considerable  extent  in  different  parts  of  the  country, 
so  that  an  estimate  that  would  be  about  right  for  one  locality  would  not  suffice 
for  another.  The  following  figures,*  however,  will  enable  anyone  to  form  an 
approximate  idea  of  what  any  proposed  wiring-job  will  cost. 

Count  cost  of  labor  as  not  more  than  one-third  the  cost  of  the  installation. 

For  knob-«nd>tube  work  in  new  houses  of  less  than  seventeen  outlets  or 
twenty-five  lamps,  with  no  switches  except  main  switch  and  a  rough  cut-out 
box  lined  with  asbestos,  aUow  $1.50  per  outlet. 

For  same  class  of  work,  from  25  to  100  lamps,  allow  $1.75  to  $2.00  per  outlet. 

The  extra  labor  involved  in  wiring  old  buildings  will  add  from  30  to  $0%  to 
the  above  figures. 

For  each  switch-loop  with  a  single-pole  snap-switch,  add  from  Si  .50  to  $1.75. 

For  each  switch-loop  with  single-pole  push-button  switch,  add  from  $2.25  to 
$2.50. 

For  each  lamp  controlled  by  duplex  or  three-point  switches,  add  from  $5  to 

For  each  hardwood  cut*out  cabinet  with  door  and  lock,  add  from  $7  up  ac- 
cording to  number  of  circuits  and  finish. 

Iron  cut-out  cabinets  cost  from  $8.50  up. 

Ordinary  exposed  wiring,  as  in  factories,  can  usually  be  run  for  from  $1.00 
to  $1.75  per  drop,  including  rosettes,  cord  and  sockets,  the  cost  depending  very 
largely  upon  how  closely  the  drops  are  spaced. 

Small  instaUations  with  iron-armored  conduit  will  probably  cost  from  $5  to 
$6  per  outlet.    Large  installations  will  cost  somewhat  less. 

A  private  lighting-plant  of  200  lamps,  wired  on  the  concealed  knob-and-tube 
syston,  will  cost  from  $1  250  to  $1  500,  and  a  similar  plant  with  600  lamps  wilt 
cost  from  $2  500  to  $3  000.  These  prices  include  engine,  dynamo-switchboard,, 
etc.,  complete,  and  wiring,  but  no  switches  for  controlling  lamps. 

The  iron-armored  conduit-system  will  add  about  $2.75  per  outlet. 

None  of  the  above  estimates  include  the  cost  ol  fixtures  except  in  the  case  of 
exposed  wiring. 

Drop-cord  and  sockets  cost  about  90  cts  per  lamp.  Single-lamp  fixtures  may 
be  purchased  from  $1.25  upwards;  double-lamp  fixtures  from  $2  upwards. 
Combination-fixtures  cost  about  25%  more  than  straight  electric  fixtures. 

The  price  of  rubber-covered  wire  varies  from  $8  to  $60  per  i  000  ft  according 
to  size,  and  of  weather-proof  wire  from  16  cts  to  25  cts  per  pound. 

*  These  are  pre-war  prices  and  the  data  are  retained  for  purposes  of  comparison  of 
relative  values. 
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WMiig-9]rmlMls  Adopted  1>y  the  Nstfanal  CoBtnctots*  AnodktkB 
tad  the  AaMrican  Isstitiite  of  Archltecti 

Copjrrighted 

Ceiling-outlet;  electric  only.    Numenl  in  cenler  indicBtea 
standard  x6-cp.  incandeacent  lamps.* 

CctUnK-outlet;  oombinatioii.    |  indicattt  4r-x6c.p.  itandaid 
incandeaooit  lamp*  and  a  gas-burnen.    II  gas  aaify. 

Bracket-outlet;  electric  only.    Nttmenl  in  center  indicates 
Dumber  of  standard  x6<.p.  IncaadeBcent  lamps. 

Bracketootlet;    combination.    S  indicates  4-t€  c.p.  stand- 
ard incandescent  lamps  and  2  gas-buraeis.     If  gas  only. 

Wall  or  baseboard  receptade-oadec.    Numeral  in  center  indi- 
cates number  of  standaxd  tS-cjp.  incaadesoeDt  lamfM. 

Floor-outlet.    Numeral  in  center  indicates  number  of  Standard 
incandescent  lamps. 

Outlet  for  outdoor  standard  or  pedestal,  electric  only.    Numeral  indicate! 
number  of  standard  x6-cp.  iocandescent  IsMps. 

Outlet  for   outdoor  standard  or   pedestal;    combination,    f   iadicatet 
6-16  c.p.  standard  incandesosnt  lamps;  ( 


i6<.p. 


Drop-cord  outlet. 

One-lamp  outlet,  for  Iami>*ieceptncle. 

Arc-lamp  outlet. 

Special  outlet  for  lighting,  heating  and  pover-«iixreat,  as  descxihed  in 
specifications. 

Ceiling-fan  outlet. 
S.  P.  switch-outlet. 


D.P.  switch-otttkts. 

d^-way  switch-outlet. 

4-way  switch-outlet. 

Automatic  door  switch-outlet. 

Electrcdier  switch-outlet. 
Meter-outlet. 


Show  as  amngr  symbok  as  then 
aie  switches.  Or  in  case  of  a 
very  large  group  of  swUi^es, 
indicate  number  of  switches  by 
a  Roman  numeral,  thus; 
S'XII,  meaning  la  single-pole 
swibcbes. 

Desaibe  type  of  twitch  m  sped- 
fioatieos,  that  is.  ftrnh  or  tor- 
face,  push-button  or  snap. 


Distribution-panel. 

Junction  or  pull-boa. 

Motor-outlet.    Numoal  in  center  indicates  hocse-power. 


Motor-control  outlet. 
Transformer. 

*  If  tungsten-lamps  are  used  instead  of  carbon-lamps,  the  figure  in  the  drde  may 
stand  for  the  number  of  as-watt  tungsten-lamps,  a  as-watt  tungsten-lamp  being  the 
nearest  in  candle-power  to  a  i6-candle-power  carbon-lamp  though  consuming  less  »fc»« 
one-half  the  power.  Since  tungsten-lamps  average  about  i.i  watts  to  the  candle-power; 
many  architects  place  in  the  circle  the  number  of  watts  to  be  used.    Dividuig  this  number 
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Sluidard  Wlrinr^ymboto  Adopted  by  Uie  NatuHUd  Contncton'  AMOcktioii 
and  tiM  AmariMin  Institvte  of  Architecti  (ContlDaad) 

■'~"^~  ^~^"""  Main  or  feeder-run  concealed  under  floor. 

"'"^~"~""^^"~  Main  or  feeder-run  concealed  under  floor  above. 

■"■"'~""^—  Main  or  feeder-run  exposed. 

— — "—  — — —  Branch  dfcuft-run  concealed  under  floor. 

■'  Branch  drcuit-run  concealed  under  floor  above. 

■  ■■*>■■«*■-*" Broadi  cfacoH-na  capoaad- 

Riser. 

Telephone-outlet;  private  service. 

m  Telephone-outlet;  pubficKrvioa. 

Bell-outlet. 

Qf  Buzzer-outlet. 

fi]!  Puab^botton  outlet.    Naiaeral  nidiratft  namfaer  of  pnfan. 

***\0  Annunciator.    Numeral  iacficatea  namber  of  pointa. 

■  Spaaking-tube. 

•-"-(c)  WatchmaxKAodc  ootlek. 

«-^  Watchman-atatioDoalJeL 

"•"^^  Maatec  tinot-clock  outlet. 

.»..i^^  Seoondary  time-clodc  outlet. 

I J  I  Door-opener. 

fj^  Special  outlet  for  signal-systems,  as  described  in  sped&ations. 

(1 1 1 1 1  Battery-outlet. 

'  I    I  *  Circuit  for  dock,  tHepbone.  bell  or  other  service,  ran  imder  floor, 

_^^^_^^_^^^^_^  concealed.    Kind  of  service  wanted  ascertained  by  sjrmbol  to 

*"  which  line  connects. 

,_^__^_._^.__^^        Circuit  for  clock,  telephone,  befl  or  o^er  service,  run  uader 
""  floor  above,  concealed.    Kind  of  service  wanted  aw^rtftm^ 

by  symbol  to  which  line  connects. 

ii^ts  of  center  of  wall-outlets  (unless  otherwise  specified) : 

jUviAg-rooms S  ft  6  is 

Cbambers 5  ^  o  in 

Offices 6  ft  o  m 

Corridon 6  ft  3  in 

isbts  of  awitches  (unless  otherwise  specified) 4  ft  o  in 

z.x  ghrea  tbe  candle-power  per  outlet.    Thus  ^^  means  enough  tungsteti4ampa 
be  placed  in  this  outtet  to  total  rao  watts,  tbMa  ySJ^  40^watt  lamps,  or  two  6o*watt 
pSy  etc     The  candle-power  in  any  case  would  be  zao/z.x  «  xzo  candle-power. 
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ABCHITEOTUBAL   ACOUSTICS* 

By 

WALLACE  C.  SABINE 

im  p&onssoR  or  vsyszcs,  ka&vasd  unvnsETT 

Architectural  Acoustics  a  Rational  Engineoring  Probl«m.     Because 

familiarity  with  the  phenomena  of  sound  has  so  far  outstripped  the  adequate 
study  of  the  problems  involved,  many  of  them  have  been  popularly  shrouded  in 
a  wholly  unnecessary  mystery.  Of  none,  perhaps,  is  this  more  true  than  of 
ARCHiTECTUKAL  ACOUSTICS.  The  Conditions  surrounding  the  transmission  of 
speech  in  an  enclosed  auditorium  are  complicated,  it  is  true,  but  are  only  such 
as  will  yield  an  exact  solution  in  the  light  of  adequate  data.  It  is  not  un- 
reasonable, therefore,  to  include  problems  of  architectural  acoustics  among  the 

RATIONAL  ENGINEEIUNG  PROBLEMS. 

Character  and  Application  of  the  Problem.  The  problem  of  architec- 
tural acoustics  is  necessarily  complex,  and  each  room  presents  many  conditions 
which  contribute  to  the  result  in  a  greater  or  less  degree,  according  to  circum- 
stances. To  take  justly  into  account  these  varied  conditions,  the  solution  of 
the  problem  should  be  quantttative,  not  merely  quautative;  and  to  reach 
its  highest  usefuhiess  and  the  dignity  of  an  engineering  science  it  should  be  such 
that  its  application  can  precede,  not  merely  follow,  the  construction  of  tiie 
building. 

Conditions  and  Factors  of  the  Problem.  In  order  that  hearing  may  be 
good  in  any  auditorium  it  is  necessary  that  the  sound  should  be  sufficiently  loud, 
that  the  simultaneous  components  of  a  complex  sound  should  maintain  their 
proper  relative  intensities,  and  that  the  successive  sounds  in  rapidly  moving 
articulation,  either  of  speech  or  of  music,  should  be  clear  and  distinct,  free  from 
each  other  and  from  extraneous  noises.  These  three  are  the  necessary,  as  they 
are  the  entirely  sufficient,  conditions  for  good  hearing.  Scientifically  the  prob- 
lem involves  three  factors: 

(i)    Reverberation. 

(2)  Interference. 

(3)  Resonance. 

As  an  engineering  problem  it  involves  the  shape  of  the  auditorium,  its  dimen- 
sions, and  the  materials  of  which  it  is  composed. 

Rate  of  Absorption  of  Sound.  Sound,  being  energy,  once  produced  in  a 
confined  space,  will  continue  until  it  is  either  transmitted  by  the  boundary  walk 
or  is  transformed  into  some  other  kind  of  energy,  generally  heat.  This  proces 
of  decay  is  called  absorption.  Thus,  in  the  lecture-room  of  Harvard  Univer- 
sity, in  which,  and  in  behalf  of  which,  this  investigation  was  begun,  the  sai£ 

•  Adapted  and  reproduced  by  permission  from  a  paper  read  by  Dr.  W.  C.  Sabbs 
before  the  Franklin  Institute,  Philadelphia,  October  30,  1914  and  publisbed  in  tbr 
Janittry  19x5  issue  of  the  Journal  of  the  Franklin  Institute.  For"  information  regard- 
*  rtiJkT^      ^  "**  **^**'  '^**"  *"**  treatises  on  the  subject  by  the  author  of  this 
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OF  AB801PI10N  was  90  small  that  a  word  spoken  in  an  ordinary  tone  o£  voice  was 
audible  for  five  and  a  half  seconds  afterwards.  During  this  time  even  a  very 
deliberate  speaker  woukl  have  uttered  the  twelve  or  fifteen  succeeding  syllables. 
Thus  the  successive  enunciations  blended  into  a  loud  sound,  through  which  and 
above  which  it  was  necessary  to  hear  and  distinguish  the  orderly  progression  of 
the  speech.  Across  the  room  this  could  not  be  done;  even  near  the  speaker 
it  could  be  done  only  with  an  effort  wearisome  in  the  extreme  if  long  main- 
tained. 

Multiple  Reflection,  Reverberation  and  Echoes.  With  an  audience  filling 
the  room  the  conditions  were  not  so  bad,  but  still  not  tolerable.  This  may  be 
regarded,  if  one  so  chooses,  as  a  process  of  mtltiple  reflection  from  walls, 
^rom  ceiling,  and  from  floor,  first  from  one  and  then  another,  losing  a  little  at 
?ach  reflection  until  ultimately  inaudible.  This  phenomenon  will  be  called 
;iEVERBERA.TioN,  including,  as  a  special  case,  the  echo.  It  must  be  observed, 
lowever,  that,  in  general,  reverberation  results  in  a  mass  of  sound  filling  the 
vhole  room  and  incapable  of  analysis  into  its  distinct  reflections.  It  is  thus  more 
lifficult  to  recognize  and  impossible  to  locate.  The  term  echo  will  be  reserved 
or  that  particular  case  in  which  a  short,  sharp  sound  is  distinctly  repeated  by 
eflection,  either  once  from  a  single  surface,  or  several  times  from  two  or  more 
urfaces. 

Rate  of  Decay  of  Sound.  In  the  general  case  of  reverberation  we  are 
oncemed  only  with  the  satb  of  decay  of  the  sound.  In  the  spedal  case  of 
be  echo  we  are  concerned  not  merely  with  its  intensity,  but  with  the  interval 
i  time  elapsing  between  the  initial  sound  and  the  moment  it  reaches  the  ob« 
erver.  In  the  room  motioned  as  the  occasion  of  this  investigation  no  discrete 
cho  was  distinctly  perceptible,  and  the  case  will  serve  excellently  as  an  illustra* 
ion  of  the  more  general  t}^  of  reverberation. 

Duration  of  Audibility  of  Residual  Sound.  After  preliminary  gropings, 
rst  in  the  literature  and  then  with  several  optical  devices  for  measuring  the 
itensity  of  sound,  all  established  methods  were  abandoned.  Instead,  the  rate 
F  DECAY  was  measured  by  measuring  what  was  inversely  proportional  to  it, 
lie  duration  of  audibility  of  the  reverberation,  or,  as  it  will  be  called  here,  the 
URATiON  OF  AUDiBiLrTY  OF  THE  RESIDUAL  SOUND.  These  experiments  may  be 
splained  to  advantage  here,  for  they  will  give  more  clearly  than  would  abstract 
iscuasion  an  idea  of  the  nature  of  reverberation. 

Shape  of  Room  and  Nature  of  Furnishings.  Broadly  considered  there 
re  two,  and  only  two,  variables  in  a  room,  shape  (including  size),  and  materials 
ncluding  furnishings).  In  designing  an  auditorium  an  architect  can  g^ve  con- 
deration  to  both;  in  repair-work  for  bad  acoustic  conditions  it  is  generally 
n  practicable  to  change  the  shape,  and  only  variations  in  materials  and 
irnishings  are  allowable.  This  was,  therefore,  the  line  of  work  in  this 
ise. 

The  Relatiye  Absorbing  Power  of  Different  Substances.  It  was  evident 
lat,  other  things  being  equal,  the  rate  at  which  the  reverberation  would  dis- 
3pear  was  proportional  to  the  rate  at  which  the  sound  was  absorbed.  The 
"St  work,  therefore,  was  to  determine  the  relative  adsorbing  pou'Er  of  various 
ibstances.  With  an  organ-pipe  as  a  constant  source  of  sound,  and  a  suitable 
ironograph  for  rea>rding,  the  duration  of  audibility  of  a  sound  after  the  source 
id  ceased  in  this  room  when  empty  was  found  to  be  5.62  seconds.  All  the 
ishions  from  the  seats  in  Sanders  Theater,  Boston,  Mass.,  were  then  brought 
ra  and  stored  in  the  lobby.    On  bringing  into  the  lecture-room  a  number 
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of  cushions,  having  a  total  length  of  8.3  meters,  the  duration  of  audibiKty  fcO 
to  5.33  seconds.    On  bringing  in  cushions  of  a  total  length  of  17  meters  the 
sound  in  the  room  after  the  organ-i^pe  ceased  was  audible  for  but  4.94  secoodi. 
Evidently  the  cushions  were  stroDg  absoilients  and  rapidly  impcoving  the  room, 
at  least  to  the  extent  of  diminishing  the  reverberation.    The  result  was  inter- 
esting and  the  process  was  continued.     Little  by  little  more  cushions  were 
brought  into  the  room,  and  each  time  the  duration  of  audibility  was  meas* 
ured.    When  all  the  seats,  436  in  number,  were  covered,  the  sound  was  audi- 
ble for  2.03  seconds.     Then  .the  aisles  were  covered,  and  then  the  platform. 
Still  there  were  more  cushions,  almost  half  as  many  more.    These  were  brought 
into  the  room,  a  few  at  a  time,  as  before,  and  draped  on  a  scaffolding  that  had 
been  elected  around  the  room,  the  duration  of  the  sound  being  recorded  each 
time.    Finally,  when  all  the  cushions  from  a  theater  seating  nearly  1500 
persons  were  placed  in  the  room,  covering  the  seats,  the  aisles,  the  platform, 
and  the  rear  wall  to  the  ceiling,  the  duration  of  audibility  of  the   residual 
sound  was  1.14  seconds.    This  experiment,  requiring,  of  course,  several  nights' 
work,  having  been  completed,  all  the  cushions  were  removed  and  the  room 
was  in  readiness  for  the  test  of  other  absorbents.    It  was  evident  that  a 
STANDARD  OF  COMPARISON  had  been  established.    Curtains  of  chenflle,  i.i 
meters  wide  and  17  meters  in  total  length,  were  draped  in  the  room.    The 
duration  of  audibility  was  then  4.51  seconds.    Turning  to  the  data  that  had  just 
been  collected,  it  appeared  that  this  amount  of  chenille  was  equivalent  to  30 
meters  of  cushions  from  Sanders  Theater.     Oriental  rugs  (Herez,  Demtrjik,  and 
Hindoostanee)  were  tested  in  a  similar  manner,  as  were  also  GPetonne  c^h. 
canvas,  and  hair-felt.    Simitar  experiments,  but  in  a  smaller  room,  determined 
the  absorbing  power  of  a  man  and  of  a  woman,  always  by  determining  the  num- 
ber of  running  meters  of  Sanders  Theater  cushions  that  would  produce  the  same 
effect.    This  process  of  comparing  two  absorbents  by  actually  substituting  one 
for  the  other  is  laborious,  and  it  is  given  here  only  to  show  the  first  steps  in  the 
development  of  a  method.    Without  going  into  details,  it  is  sufficient  here  to 
say  that  this  method  was  so  perfected  as  to  give  not  merely  reiauve,  but  abso- 
lute, COEFFICIENTS  OF  ABSORPTION. 

CoeAciantt  of  Absorption.  In  this  maimer  a  number  of  cOBmoEsm 
OF  ABSORPTiON^  Were  determined  for  objects  and  materials  which  could  be 
brought  into  and  removed  from  the  room,  for  sounds  having  a  pitch  an  octave 
above  middle  C.  In  the  following  table  the  numerical  values  are  the  abso- 
lute COEFFICIENTS  OF  ABSORPTION: 


Oil-paintinc8,  inclusive  of  frames 0.38 

Carpet-rugs o.ao 

Oriental  rugs,  extra  heavy 0.29 

Cheese-doth 0.019 

Cretonne  cloth 0.15 

Shelia  curtains 0.23 

Hair-felt.  2-5  cm.  thick,  8  cm.  from  wall 0.78 

Cork,  2.5  cm.  thick,  looee  on  fk)or o.  16 

Linoleum,  loose  on  floor 0.12 


When  the  objects  are  not  extended  surfaces,  such  as  carpets  or  rugs,  but 
essentially  spadal  units,  it  is  not  easy  to  express  the  absorption  as  an  absofaiic 
coefficient.  In  the  folbwing  table  the  absorption  of  each  object  is  expressodii 
terms  of  a  square  meter  of  couputTB  absorptcoh: 
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Audience,  per  penon 0.44 

bdated  wQomn 0.54 

Isolated  man 0.48 

Plain,  ash  aetteet , 0.099 

Plain,  ash  aettees,  per  single  seat 0.0077 

Plain,  ash  chairs,  bent  wood 0.0062 

Upholstered  settees,  hair  and  leather z .  lo 

Upholstered  settees,  per  single  seat o.aS 

Upholstered  chairs,  similar  in  style o.yo 

Haip<i]8hion!»,  per  seat o.2z 

Ehatio-lelt  ctmhiana,  per  seat o.so 


Co«Acieiit  of  Absorption  of  Floors,  CoUings  and  WaU-Svrfftcet.    Of 
ren  greater  importance  was  the  determination  of  the  coErriciENT  or  absosp- 
OM  of  floors,  ceilings,  and 
dl-smfaces.     The   accom- 
ishmcnt  of  this  called  for  a 
!ry  considerable  extension 

the  method  adopted.  II 
e  reverberation  in  a  room 

changed  by  the  addhioa 

absorbing   material   are 

otted,  the  xesultiag  curve 

U  be  found  to  be  a  portion 

a  hyperbola  with  dis- 
aced  axes.  An  example  of 
ch  a  curve,  as  obtained  in 
e  lecture-room  of  the  Fogg 
1  Museum,  Cambridgep 
ass.,  is  plotted  in  the 
igram  in  Fig.  1.  If  now 
e  origin  of  this  curve  is 

splaced  so  that  the  axes  of  coordinates  are  the  asymptotes  of  the  rectangular 
perbola  (Fig.  2),  the  displacement  of  the  origin  measures  the  initial  absorbing 
wer  of  the  room,  its  floors,  waUs  and  ceilings.  Such  experiments  were  carried 
t  in  a  large  number  of  rooms  in  which  the  different  component  materials 
tered  in  very  different  degrees,  and  an  elimination  between  these  different 
periments  gave  the  following  c»EnrzciENT  of  absorftion  for  different 
iteriab: 
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^ 
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a^ 
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SO   AO  60   MlOOlSOUOlOOlMSOt 
hngth  of  MNhicMMla 


Fig.  1.    Curve  Showing  the  Rdatloii  of  DnntSon  of 
Residual  Sound  to  Added  Absorbing  Material 


Open  window x  .000 

Wooden  sheathing,  hard  pine o.o6z 

Plaster  on  wooden  lath 0.034 

Plaster  on  wire  lath 0.033 

Glaas.  single  thickneaa 0.037 

Plaster  on  tile o. 00$ 

Brick  set  in  Portland  cement 0.035 


Calcvlftting  the  Revorboration  for  Any  ftoom.  If  the  experiments  in 
;8e  rooms  are  plotted  in  a  single  diagram,  the  result  is  a  family  of  hyperbolas 
ig.  3)  showing  a  veiy  interesting  relationship  to  the  volumes  of  the  rooms. 
leed,  if  from  these  hyperbolas  the  parameter,  which  equals  the  product  of  the 
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cooidlnatts,  is  determined,  it  will  be  found  to  be  Kneutr  pttiportiond  to  ibe  , 
volume  of  (be  room.  These  results  ■«  plotted  in  Fig.  4,  showing  how  strict 
the  proporti<mBlity  is  even  over  &  very  (cest  range  io  volume.  We  have  ihuj 
■t  huid  a  ready  method 
of  cakrulatiog  the  lE^'EUEK- 
ATION  for  *Dy  room,  iu 
volume  and  the  materials  ol  ' 
which  it  is  coropoted  being 
known.  Tbe  fiist  hve  yon 
al  die  investigation  mk 
devoted  to  violin  C,  the  C  in 
octave  above  middle  C,  hav- 
ing a  VIBRATION -FUgVEKCT 

of  St  3  vibratiooi  pec  second. 
TUs  lilch  was  cbosoi  be- 
came, in  theartof  telepboar, 
it  was  legarded  at  that  time 
the   characteristic   pHcti 
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Rg.  1.  Curve  s  Plotted  u  Part  of  its  Cotrnponding  j„__-  ■  ,i„ 
Bectidgnlu  HypHbol..  The  Solid  P.rt  wu  DrH:r.  t""™"""*  ""  ^  _ 
mined  EiperimtoUlly.  The  Duplooement  of  This  "f  articulate  apeecfa.  The 
Io  the  Sight  Me»um  ibe  Abunblag  Power  of  planning  of  Synipiiony  Hall, 
the  Walli  of  the  Room  Boston,    Masi.,     forced    an 

extenrfon  of   this  invfSiica- 

tion  (0  notes  over  the  whole  range  ol  tbe  muiical  scale.  Ilnee  octaves  bek.« 

Ablorptlon-CoaSclBnt  of  u  Audleaca.  In  the  veiy  nature  of  tbe  prob- 
lem,  the  most  unportant  datum  is  tlie  ABEoaPTioN-coETFlciENT  of  an  audience, 
aod  the  deteimination  of 


together  and  at  the  end  of 


A  threaten 


nade  the  a 


!thun- 


Fig.  3.    Curves  Enteted  M  Parts  of  tl 
Rectui^lar  Hyperbolu.    Three  Scales  are  Enplco'rd 

for  Ilie  VoluBus,  by  Groupe,  i-J,  f 


ne,  and  tbe  sultriness  of  the  atmosfrfiere  made  open  «'iiM3o»> 
necessary;  while  the  altempt  [o  cover  so  many  notes,  thirteen  in  all,  pmlonrn.' 
the  eiperimeni  bcycoid  the  endurance  oi  the  audience.  While  this  eipcriiDcn 
failed,  another,  tbe  foliowing  aummei,  was  more  succeufut.  In  the  year  the 
had  elapsed  (he  Dccrssicy  of  canying  the  investigadtHi  further  than  tiic  limii 
intended  became  evident,  and  now  tbe  cxpenment  wai  cairiol  from  C1&4  u 
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CT409S,  bot  induded  only  tlie  C  ooto,  seven  notes  In  all.  Monover,  bcuiog 
in  mind  the  expeticoixs  of  the  previous  nimmcr,  it  was  ttcoeniied  that  even 
Kveo  aota  would  oome  dangerouily  ueai  overtaxiiis  the  p*tieBce  of  Uw 

sudlcDCt, 


SOKFIIOK   lor    CiSii    had 
atreidy  been   detennincd 
sii  years  before,  in  the  in-     ^ 
vestigations  mentioned,  the      ^ 
coeffidenl  lor  this  note  was     i 
not    lEdetermmcd.       The      | 
eiperiment   waa   therefore      I 
carried  out  for  the  lower     g 
llirce  and  the  upper  three 
notes  o(  the  seven.    The 
audience,  on  the  night  of 
this  ejiperiinent,  was  much 

larger  than  that  which  came  VolmiM  of  hkhiu 

the  previous  summer,  the    pj^  ^     j^  Panmeten  *,  Plotted  Agaiiul  the  Volumea 
ii(ht    wai   a    more  com-  gi  ,^  Roomi,  Showing  tU  Two  Proportional 

ortable  one,  and  it  was 

Maaible  to  dose  the  windows  during  the  experiment.  The  conditions  were 
hus  fairly  satisfactory.  In  order  to  get  as  much  data  as  poauble,  and  in  as 
hurt  a  time,  there  were  nine  observers  stationed  at  diSerent  points  in  the  room. 
These  observers,  whose  kindness  and  skill 
it  is  a  pleasure  to  acknowledge,  had  pre- 
pared themselves,  by  previous  pmctice,  for 
this  one  eipedment.  The  results  of  this 
experiment  are  shown  on  the  lower  curve 
in  Fig.  6.  This  curve  gives  the  cOErriciENT 
or  ABsoarnoH  pei  peison.  It  is  to  be 
observed  that  one  of  the  points  falls  clearly 
!  the  smooth  curve  drawn  through  the 


this  ] 


r  pomt: 


which 


cute  a  real  departure  in  the  coeSicient,  nor 
should  it  cast  much  doubt  on  the  rest  of  the 
work,  in  view  of  the  drcumslances  under 
which  it  was  secured.    Counteracting  the. 


which   t 


lint 


may  give,  it  is  considerable  satisfaction  to 

note  how  accurately  the  point  for  Cisti, 

dvtermined  »i  years  before  by  a  diSerent 

"-1      ■-•      "-1      '-1      ■-•     '-I    set  of  observers,  falls  on  the  smooth  curve 

^  Ab»rbing  Powff  ol  an  Audi-    through  the  remaining  points.     The  upper 

r..a    —  IT..  curve  represents  the  absorbing  power  of  an 


X  for  DiOen 


ted.  The  vertical  Ordinates  are  expressed  ii 
a  square  meter  of  surface.  For  the  upper  curve 
inmiy  cocfficjentl  of  absotption.    The  several  u< 


r  squan 


total  absorption 
tes  are  thus  the 
octave-intervals 
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as  foUonM:  Ct^,  CsxaS,  C»  (middle  C)  356,  CiSi^*  €0004,  CflS04S,  €14096. 

In  the  audience  on  whkh  these  obaenrations  were  taken  these  weie  77  vomea 
and  105  men.  The  courier  of  the  audience  in  remainiog  for  the  dpcriaent 
and  the  really  remarkable  silence  which  they  maintained  afe  giatefally 
acknowledged. 

Absorption  of  Sound  by  Wooden  Sheafbing.  The  next  experiment  was 
on  the  determination  of  the  absorption  or  sound  by  wooden  sheathing.  It  rs 
not  an  easy  matter  to  find  conditions  suitable  for  this  experiment.  The  room  in 
which  the  absoiption  by  wooden  sheathing  was  determined  in  the  earlier  exper- 
iments was  not  available  for  these.  It  was  available  then  only  because  the 
building  was  new  and  empty.  When  these  more  elaborate  experiments  were 
under  way  the  room  became  occupied,  and  in  a  manner  that  did  not  admit  of  its 

being  cleared.    Quite  a  fittle  searching  rn 
the  neighborhood  of  Boston  failed  to  dis- 
cover  an  entirely  suitable   room.    The 
best  one  available  adjoined  a  night-Innch 
room.    The  night-lunch  was  bought  cot 
for  a  couple  of  nights,  and  the  experimeot 
Was  tried.    The  work  of  both  n^hts  was 
much  disturbed.    The  traffic    past  the 
building  did  not  stop  until  nearly  two 
o'clock,  and  began  again  at  four.    The 
interest  of  those  passing  on  foot  through* 
out  the  night,  and  the  necessity  of  repeated 
explanations  to  the  police,  greatly  inter- 
fered with  the  work.    This  detailed  state- 
ment of  the  conditions  under  which  the 
experiment  was  tried  is  made  by  way  of 
explanation   of   the   irregularity   of   the 
observations  recorded  on  the  carve,  and 
of  the  failure  to  carry  this  particular  Ifaie 
of  woric  further.    On  the  first  night  seven 
points  were  obtained  for  the  seven  notes 
C164  to  C74096.    The  Deduction  of 
results    on   the   following   day 
variations   indicative    of    maxima    and 
minima,  which,  to  be  accurately  located, 
would  require  the  determination  of  inter- 
mediate points.    In  the  es^ieriment  on 
the  following  night,  points  were 
mined  for  the  £  and  G  notes  fai 
«ctave  between  Csi28  and  C62048.    Other  points  would  have  been  determined, 
but  time  did  not  permit.    It  is  envious  that  the  intermcdate  points  in  tbe  k>t»er 
;  and  in  the  higher  octave  were  desirable,  but  no  pipes  were  to  be  had  on  sudi 
1  short  notice  for  this  part  of  the  range,  and  in  their  absence  the  data  could  not 
be  obtained.    In  the  diagram,  Fig.  6,  the  points  Ijring  on  the  vertical  fines 
determined  the  first  night.    The  points  lying  between  the  vertical  lines 
•  determined  the  second  night.    The  sheathing  of  the  room  is  of  North  CaroBna 
pine,: a  centimeters  thick.    The  absorption  is  here  due  almost  wholly  to  yielding 
'  of  the  sheathing  as  a  whole.    It  is  not  possible  now  to  learn  as  much  in  se;gani 
to  the  framing  and  arrangement  of  the  studding  in  the  particular  room  tested 
.  as  is  desirable.    The  accuracy  with  which  these  points  fall  on  a  smooth  curve  is, 
}  perhaos,  all  that  could  be  expected  in  view  of  the  difficulty  under  which  the  ob- 
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MndafB  mire  coMhicttd  uid  tbe  Bmltcd  tim*  sviibbl*.  One  tebtt  ta  par- 
licBlu  liUt  fir  off  fram  thk  curve,  ths  point  for  C1156,  by  in  unounl  whkii 
9,  ta  lay  thu  least,  aerimiB,  and  whkti  can  tw  juuified  only  by  the  conditions 
iDdcr  which  the  vock  was  done.  The  general  trend  of  the  curve  secma,  how- 
ever, cslaMiihtd  beyond  reasoaabtc  doubt.  It  is  inttmting  to  note  that  there 
9  one  point  of  MAXimnt  aBSOU^ON,  which  is  due  to  resonance  between  the 
•alls  ud  the  »und,  and  that  this  point  of  Diaximum  absorption  Uea  in  the 
DWer  pan,  though  not  in  tbe  loKest  part,  <A  tbe  Iance  ov  pitcB  tested.  It 
nxdd  have  been  interesting  to  determine,  had  the  lime  and  f  acilitiei  pennitled, 
he  shape  of  tbe  curve  beyond  €14096,  anJ  to  tee  If  it  rises  indefiiiitely,  or  show% 
s  fa  far  more  likely,  a  sucxessIoB  of  mailniB. 

Absorption  of  Sound  by  Cnshlont.  The  eiperhnent  was  then  directed  to 
lie  determination  of  tbe  absobmiom  of  sonun  by  cushions,  and  for  this  purpose 
;tum  was  made  to  the  constant-temper-  _ 

lure    room.     WorMng    In    the    mannet     : 
■Heated  in  the  earlier  papers  for  sub- 
anccs  which  could  be  carried  In  and  out 
'  a  room,  the  curves  represented  In  Fig. 

were  obtained.  Curve  i  shows  the 
isoBPTiOK-coEFFiciENT  foT  the  SandcTS 
heater  cushions,  with  which  the  whole 
vestigation  was  begun  ten  years  ago 
904).  These  cushions  were  of  a  partic- 
arly  open  grade  of  padung,  a  sort  of 
ry  grass  ot  vegetable  fiber.  They  were 
vercd  with  canvas  ticking,  and  that,  in 
m,  with  a  very  thin,  cloth  covering. 
irve  3  is  for  cushions  borrowed  from 
e  Phillips  Brooks  House,  They  were  of 
ligh  grade,  filled  with  kmg,  curly  hair, 
d  covered  with  canvas  ticking,  which 
9,  in  turn,  covered  by  a  long-nap  plash. 
crve  3  is  lor  tbe  cushion  of  Appleton 
lajKi,  bair-covered  with  a  lestbtrette, 
d  showing  a  sliarper  maiimum  uid  a 
■re  rapid  dimlnutioa  In  absorption  for 
;  higher  fiequendes,  as  would  be  ei 
rted  under  such  conditions.  Curve 
OTolMbly  the  most  interesting,  because  for  more  standard  commercial  con- 
ions  ordinarily  used  In  churches.  This  curve  Is  for  tbe  dastic-felt  cuduons 
coniniccce,  of  ela-ilic  cotton  covfred  with  ticking  and  short-nap  plush.  The 
Drbing  power  is  per  square  meter  of  surface.  It  is  to  be  observed  that  all 
r  curve*  fall  off  for  the  higher  frequencies,  all  show  a  maximum  located 
hin  an  octave,  and  three  of  the  curves  show  a  curious  hump  in  tbe  second 
aVE.  This  break  in  the  curve  is  a  genuine  phenomenon,  as  it  was  tested 
le  alter  time.  It  is  perhaps  due  to  a  becokdaky  rebonamce,  and  it  is  to 
observed  (hat  it  is  tbe  more  pronounced  in  those  curves  that  have  the 

ISeCta  of  Interference  of  Sound-Vavei.  In  both  articulate  speech  and 
susic  the  source  of  sound  is  rapidly  and,  in  general,  abruptly  changing  in 
-h,  quality  and  kiudness.  In  mu^  one  pitch  is  hekl  during  the  leosth  of 
ite.  In  articulate  speech  the  laiit  or  elbmekt  or  constjUKT  li  the  syllable. 
E«d,  io  qiecdi  it  is  even  kis  than  tbe  kngtb  of  a  qilable,  Ux  ths  cfien-«vwd 
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«ound  which  forms  the  body  of  a  pliable  usually  has  a  consonantal  <q;)CDins  and 
closing.  During  the  constancy  of  an  element,  either  of  music  or  of  speecfap  a 
train  of  sound-waves  spreads  spherically  from  the  source,  just  as  a  train  of  dr- 
cular  waves  spreads  outward  from  a  rocking  boat  on  the  surface  of  still  water 
Different  portions  of  this  train  of  spherical  waves  strike  different  surfaces  of  the 
auditorium  and  are  reflected.  After  such  reflection  they  begin  to  cross  each 
other's  paths.  If  their  paths  are  so  different  in  length  that  one  train  of  waves  < 
has  entirely  passed  before  the  other  arrives  at  a  particular  point,  the  only 
phenomenon  at  that  point  is  prolongation  of  the  sound.  If  the  space  between 
the  two  trains  of  waves  is  sufficiently  great,  the  effect  will  be  that  of  an  Ecao. 
If  there  are  a  number  of  such  trains  of  waves  thus  widely  q)aced,  the  effect  wiU 
be  that  of  multiple  echoes.  On  the  other  hand,  if  two  trains  of  waves  have 
traveled  so  nearly  equal  paths  that  they  overlap,  they  will,  dependent  on  the 
difference  in  length  of  the  i>aths  which  they  have  traveled,  either  reinforce  or 
mutually  destroy  each  other.  Just  as  two  equal  tnuns  of  water-waves  crossing 
each  other  may  entirely  neutralize  each  other  if  the  crest  of  one  and  the  trough 
of  the  other  arrive  together,  so  two  sounds,  coming  from  the  same  source,  in 
crossing  each  other  may  produce  silence.  This  phenomenon  is  called  intekfer- 
ENGE,  and  is  a  common  phenomenon  in  all  types  of  wave-motion.  Of  course, 
this  phenomenon  has  its  complement.  If  the  two  trains  of  water-waves  so  cross 
that  the  crest  of  one  coincides  with  the  crest  of  the  other  and  trough  with  trough, 
the  effects  will  be  added  together.  If  the  two  sound-waves  are  similarly  retarded, 
the  one  on  the  other,  their  effects  will  also  be  added.  If  the  two  trains  of  waves 
are  equal  in  intensity,  the  combined  intensity  will  be  quadruple  that  of  either  of 
the  trains  separately,  as  above  explained,  or  zero,  depending  on  their  relative 
retardation.  The  effect  oi  this  phenomenon  is  to  produce  regions  in  an  audito- 
rium of  LOtTDNESS  and  regions  of  comparative  or  even  complete  silence.  It  is 
a  partial  explanation  of  the  so-called  deaf  regions  in  an  auditoriimi. 

Distribution  of  Intenaity  of  Sound.  It  is  not  difficult  to  observe  this 
phenomenon  directly.  It  is  difficult,  however,  to  measure  and  record  the  phe- 
nomenon in  such  a  manner  as  to  permit  of  an  accurate  chart  oi  the  result.  With- 
out going  into  the  details  of  the  method  employed,  the  result  of  these  measure- 
ments for  a  room  very  similar  to  the  Congregational  Church  in  Naugatuck* 
Conn.,  is  shown  in  the  accompanying  chart.  The  room  experimented  in  wss 
a  simple,  rectangular  room  with  plain  »de  walls  and  ends  and  with  a  barrel 
or  cylindrical  ceiling  with  the  center  of  curvature  at  the  floor-level.  The  resdt 
is  clearly  represented  in  Fig.  8,  in  which  the  intensity  or  tse  sound  has  beea 
indicated  by  contour-lines  in  the  manner  employed  in  the  drawing  of  the  geo- 
detic survey-maps.  The  phenomenon  indicatni  in  these  diagrams  was  not 
ephemeral,  but  was  constant  so  long  as  the  source  of  sound  continued,  and  re> 
peated  itself  with  almost  perfect  accuracy  day  after  day.  Nor  was  the  phenoQ- 
enon  one  which  could  be  observed  merely  instrumentally.  To  an  obserrer 
moving  about  in  the  room  it  was  quite  as  striking  a  phenomenon  as  the  <&• 
gram  suggests.  At  the  points  in  the  room  indicated  as  high  maxima  of  iNXCh 
sity  in  the  diagram  the  sound  was  so  loud  as  to  be  disagreeable,  at  other  poizUs 
so  low  as  to  be  scarcely  audible.  It  should  be  added  that  this  distribution  of 
intensity  is  with  the  source  of  sound  at  the  center  of  the  room  at  the  head-levcL 
Had  the  source  of  sound  been  at  one  end  and  on  the  axis  of  the  cylindrical  oeilint 
the  distribution  of  intensity  would  still  have  been  bilaterally  symmetrical,  but 
not  symmetrical  about  the  transverse  axis. 

Interf  erence-SystemB  and  Reyerbarmtion.  When  a  souroeof  sound  ismab- 
tained  constant  for  a  sufficiently  long  time,  a  few  seconds  will  ordinarily  suffice; 
the  sound  becomes  steady  at  every  point  in  the  room.    The  distributiaa  of  tke 
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kttsuaty  of  sound  under  these  conditions  is  called  the  tNTERFEREKCE-svsTEU, 
Jot  tliat  particular  note,  of  the  room  or  space  in  question.  If  the  source  of  eouDil 
Is  Hiddmly  stopped,  it  requires  some  time  for  the  sound  in  the  room  to  be  ab- 
•orbed.  This  prolongation  of  sound  after  the  source  ha«  ceased  is  called  kevek- 
BERAnos,  If  the  source  of  sound,  instead  of  being  maintained,  is  short  and 
•haip.  it  travels  as  a  discrete  wave  or  group  of  waves  about  the  room,  reflected 


Fig.  S.     Distributian  of  Inlensily  of  Sound 

om  wall  to  wall,  producing  echoes.  In  the  Greek  theater  there  was  ordinarily 
jt  one  echo,  "doubting  the  case-ending, "  while  in  the  modem  auditorium  there 
re  many,  generally  arriving  at  a  Ics^  inter\-al  of  time  after  (he  direct  sound,  and 
lereCore  less  distinguishable,  but  stronger  and  therefore  more  disturbing, 
PtaotOBTBpliiiig  AiT-DiBtutbancei.  The  formation  and  the  propagation  ol 
:bo£3  may  be  admirably  stuiUcd  by  an  adaptatiuQ  of  (he  3u-called  » 
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Fig.  6     Photograph  of  Sound-wave. 
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Fig.  1 1.    Photograph  of  Sound-wave  and  Echoa.    \'erticiil  ScctfoD 


Fig.  12.    Fholograph  of  Soimd-vave  and  Ecboca.    Vertical  Sc>,tioo 
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miaoDE  device  for  photographing  iir-dlsturbanees.  It  is  sufficient  here  to  h 
that  the  adaptation  of  this  method  to  the  problem  in  hand  <^n«ats  in  the  an 
Kiuction  of  a  uodel  id  propel  scale,  of  the  auditoriuin  to  be  studied  and  an  inve 


.    Photograph  of  Sound-wave  and  Echots.    Horiiontal  Section 

tigationj&the  propagaiion  through  it  of  a  proportbnally  scaled  sound-wave.  To 
'  irmation  of  echoes  in  a  vertical  wction.  (he  <ddes  of  a  model  are 
39  the  sound  Is  passing  through  it,  it  is  illuminated  instantaneonilT 


itionj&the 
cni^Knd, 


Fig.  14.    Photograph  of  Souod-wavt  and  Echoes.    Horiiontal  Secbcn 

by  the  li)thl  from  a  very  fine  and  wmevhat  distant  electric  spark.  In  the  acmo. 
panying  illusiTstions,  reduced  from  the  pholografjis,  the  silhoueltes  show  puts  of 
Ih"!  shadows  cast  by  the  model,  and  all  within  are  direct  Dbolographi  o(  the  actial 
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'sound-wave  and  its  echoes.  Figs.  9  to  12  Aow  the  sound  and  its  edioes  at 
different  stages  in  tiieir  propagation  through  the  room,  the  particular  part  of 
the  auditorium  under  investigation  being  the  New  Theater  in  New  York  City,    It 


Hg.  U.   Pbotognph  of  Sound-Rave  Mod  Ecboei.    HoriEOnlal  Section 

Is  not  difficult  to  identify  the  uaster-wave  and  the  variuus  echoes  which  it 
generates,  nor,  knowing  the  velocity  of  sound,  lo  compute  the  interval  at  which 
the  echo  is  heard.    To  itww  the  generation  of  echoes  and  7Jieir  propagation  in 


Fig.  U.    Pliotogmdi  of  Sound-wave  and  Echoes.    Horiiontal  SecUoo 

■  horizontal  plane,  the  ceiling  and  floor  of  the  model  are  removed  and  the  photo- 
graph taken  in  a  vertical  direction.  The  photographs  shown  in  Figs.  13  to  IS 
show  the  echoes  produced  in  the  horizontal  plane  passing  through  the  marble 
panpet  in  front  of  the  l>oii 
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Solution  of  Problems  Possible  in  Advance  of  Construction*  While  ^ 
these  several  factors,  reverberation,  interference  and  echo»  in  an  audi- 
torium at  all  complicated  are  themselves  complicated,  nevertheless  they  are 
capable  of  an  exact  solution,  or,  at  least,  of  a  solution  as  accurate  as  are  the 
architect's  plans  in  actual  construction;  and  it  is  entirely  possible  to  calculate 
in  advance  of  construction  whether  or  not  an  auditorium  will  be  good,  and,  if  t 
not,  to  determine  the  factors  contributing  to  its  poor  acoustics  and  a  method  for 
its  correction. 

SPECIFIC   GBAVITT 

The  Specific  Gravity  of  a  substance  is  the  number  which  expresses  the  ratio 
that  the  weight  of  a  given  volume  of  the  substance  bears  to  the  weight  of  the 
same  volume  of  distilled  water  at  a  temperature  of  62°  F.;  or,  the  specific  gravity 
of  a  body  is  equal  to  its  weight  divided  by  the  weight  of  an  equal  volume  of  water. 
The  specific  gravity  of  a  substance,  multiplied  by  the  weight  of  a  cubic  foot  of 
water,  will  give  the  weight  of  a  cubic  foot  of  the  given  substance.  The  weight  < 
of  a  cubic  foot  of  water,  at  62°  F.  and  at  the  sea-level,  is  about  62.355  lb.*  The 
specific  gravity  of  a  solid  substance  may  be  determined  by  first  weighing  a  por- 
tion of  it  in  air  and  then  in  water  and  dividing  the  weight  in  air  by  the  loss  of  the 
weight  in  water;  the  quotient  is  the  specific  gravity  required. 

Example.    A  piece  of  granite  weighs  5.32  lb  in  air;  when  immersed  in  water 
it  weighs  3.32  lb. 

Solution.    Weight  in  air  (5.32  lb)  divided  by  loss  of  weight  in  water  (2  Ib)« 
8.66,  the  specific  gravity. 

2.66  X  62.355  lb  »  165.84  lb  -  weight  per  cubic  foot 

Note,    i  cu  f t  »  7.48  gal. 

*  The  textbooks  differ  slightly  in  regard  to  this  value. 
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Speciile  Gnvttiet  and  Weii^ta  per  Cubic  9oot  of  Tarioos  Sabetinces* 


The  basis  for  specific  gravities  is  pure  water  at  62**  P., 
barometer  30  in.    Weight  of  x  cu  ft  of  water, 
62.^5  lb 

Agate, 2.S  to  2.8 

Air,  atmospheric  at  60*  P..  under  pressure  of  one  atmos- 
phere, or  14.7  lb  per  sq  in,  weight  Hi  5  the  weight  of  water 

Alabaster,  carbonate a.6x  to  2.76 

Alcohol,  absolute,  at  32"  F 

Alcohol,  50  per  cent 

Alcohol,  95  per  cent 

Alcohol,  commercial 

Alder,  dryt 0.42  to  1. 01 

Alum 

Aluminum,  hammered 

Aluminum,  drawn 

Aluminum,  sheet 

Aluminum,  pure 

Aluminum,  cast 

Amalgam X3-7  to  U-X 

Amber 

Ambergns , 

Ammonia,  60*  P 

Antimony,  cast 

Antimony,  native 

Apple-wood,  dryt 0.66  to  1.25 

Arsenic S  7  to 58 

Asbestos 2.1   to  30 

Asbestos  sheathing-paper 

Ash,  American  white,  dryt 

Ashes  of  soft  coal,  solidly  packed 

Asphalt,  for  street-paving 

Asphaltum i  .11  to  i .  23 

Ballast,  brick,  gravel 

Bamboo,  dry  t 

Barium 

Barytes 

Basalt  or  trap-rock,  average 

Jersey  City.  N.  J 

Duluth.  Minn 

Staten  Island,  N.  Y 

3eech,  dryt 06.5  to  1. 12 

beeswax 

Sensine 

Jeer 

Jirch.  dry  t 0.52  to  1 .08 

tismuth,  cast 9.76  to  9.90 

Hood,  at  32*  P 

lone ; 1.8   to  2.0 

kirax 1.7   to  1.8 

toxwood,  French,  dry  t 


Average 

Average 

specific 

weight  of 

gravity. 

xcuft 

Water  -  i 

lb 

2.r 

162.  x 

0.00123 

0.0767 

2.68 

X67.X 

0.794 

495 

0934 

S8.24 

0.8x5 

50.83 

0.833 

51. 95 

o.SS 

34.3 

0.53 

33.0 

2.75 

171.7 

2.68 

167.  X 

2.67 

X66.5 

2.67 

X66.5 

2.56 

xte.o 

13.92 

868.0 

X.08 

67.4 

0.87 

54.3 

0.894 

55. 8x 

6.70 

4x8.0 

6.67 

4x6.0 

0.75 

46.8 

5.73 

357.3 

2.8: 

175.0 

X.20 

75.0 

o.6x 

38.0 

0.70 

40  to  45 

1.60 

100. 0 

I. IS 

69  to  75 

1.79 

1X1.6 

0.36 

22.5 

3.88 

242.0 

4-45 

277.5 

2.96 

184.6 

3  00 

187.  X 

2.95 

X84.0 

2.86 

178.3 

0.74 

46.0 

09s 

59.0 

0.69 

43.0 

1.04 

64.9 

0.6s 

40.6 

9.82 

6x2.3 

1.06 

66.2 

1.90 

XX8.6 

1.75 

X09.2 

1-33 

83.0 

'  The  values  given  in  this  table  are  avekaoe  values.    In  the  compilations  of  these 
les  the  Editor  is  indebted  to  Mr.  T.  Z.  Talley  for  valuable  assistance. 
Sec,  also,  pages  721,  722.  and  723- 

The  word  "dry"  in  this  connection  indicates  that  the  wood  contains  not  more  than 
%  of  moisture.    Green  timbers  usually  weigh  from  one-fifth  to  nearly  one-half  more^ 
Q  dry;   ordinary  building-timbers,  tolerably  seasoned,  one-sixth  more. 


1502 


Specific  Gravity 


Onvittes  afld  WWghts  per  Cubic  Foot  of  Yarioiis  Sb 

<C4mCiB««d) 


The  basis  for  si)ecific  gravities  is  pure  water  at  62*  P., 
barometer  30  in.     Weight  of  1  cu  ft  of  water. 

62.355  lb 


Average 

specific 

gravity. 

Water  -  ] 


Boxwood.  Dutch,  dry  t 

BoKWOod.  Btasilian,  dry  t 

Brass  (copper  and  zinc),  cast 7-8  to  9 

Bffasi,  rolled 

Brass,  sheet 

Brass,  wire 

BriclB.  common 

Bricks,  light,  inferior , 

Bricks,  Ume-sand , 

Bricks,  magnesia 

Bricks,  pressed 

Bricks,  pressed,  hard 

Bricks,  soft 

Bricks,  fire 

Bricks,  paving 

Brickwork,  pressed  bricks,  fine  joints. 

Brickwork,  medium  quality 

Brickwork,  coarse,  inferior,  soft 

Brickwork,  at  135  lb  per  cu  ft.  i  cu  yd  equals  x.507 

tons  and  17.9s  cu  ft  equal  x  ton 

Bromine 
Bronse.  coin 
Dronxe,  gua-metal 
Bronse,  ordinary 
Bronse.  aluminum 
Butter 

Buttemut-trce,  dry  f 

Cadmium 8 . 6  to  8 . 7 

Calcite 2 . 6  to  2 . 8 

Calcium 

Camphor,  dry 

Caoutchouc  (India  Rubber) 

Carbon  disulphide 

Cattofvoil 

Caustic  soda 

Cedar,  red  and  white,  dry  t 

Cement,  Natural  (Rosendale).  loose 

Cement,  Portland*  loose 

Cement,  Natural,  solid 

Cement,  Portland,  solid 

Chalk 

Champagne 

Charcoal  of  pines  and  oaks 

Cherry,  dry 

Chestnut,  dry , 

Chromium , 

Cider 


r 


} 


1. 035 

8.4s 
8.56 

8  24 

8. 69 

1.923 

Z.4<ia 

2.Z63 

S.643 

a.x€i3 

2.403 

x.foa 

2.403 

2.24 
2.00 
X.60 


3.X9 
8.66 
8.60 
8.40 
7.70 
0.86 
0.38 

8.65 
2.70 
1. 58 
0.99 
0.93 

X.29 
0.96 


0.45 

Z.04 
35 
95 
IS 
35 
99 


0.66 
0.63 
500 
X.02 


Average 

weight  of 

X  cu  f  t 

lb 


64. 5 

sar-o 

533-8 

5x3.6 
542-0 
xao.o 
90.0 
135.0 
165.0 
135.0 
X50.0 
zoo.o 

150.0 

140.0 
125.0 

XOO.O 


X99.« 

540.0 

536.3 

524.0 

480.0  . 

53  to  54 

23.7 

539.4 

X68.5 

98.6 

61.7 
58.0 
80.5 

59-9 
8S.0 
28.x 
65.0 
84.2 

183.9 

Z96.6 

X46.5 
61,7 
X5  to  30 

4X.2 

39.3 
3X2.0 

63.5 


*  The  values  Riven  in  this  table  for  specinc  };ravtties  and  for  welskts  per  cubic  foot 
AVERAGE  values. 

t  The  word  '*  dry  "  in  this  connectum  indkates  that  the  wood  contains  not  note  thxa 
i^%  of  moisture.    Green  timbers  usually  weieh  from  ooe-fifth  to  nearly  otte-half 
than  dry;  ordinary  buiUing-timbers.  tolerably  seasoned,  one-sixth  rooie. 


^)edfic  GnMty 
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SpMiii  OnfiUM  aad  Walgbts  yv  CaUc  iMt  of  VariMW 

( 


r 


The  basis  for  specific  sraviticK  is  pore  water  at  6a' 
barometer  30  in.    Weight  of  i  cu  f t  of  water. 
69.355  lb 


F.. 


Average 

specific 

gravity. 

Water  =  i 


Cinnabar 

Clay,  potten',  dry i  .8  to  2 .  i 

Clay,  dry,  in  lump,  loose 

Coal, anthracite,  1.3 to  x. 84;  of  Penn.,  i.ato  1.7 

Coal,  anthracite,  broken,  of  any  size,  loose,  average 

Coal,  anthracite,  broken,  moderately  shaken 

Coal,  anthracite,  broken,  het^ied  bushel,  loose.  77  to  83  lb 

Coal,  anthracite,  broken,  a  ton  loose  occupies  40  to  43 
cu  ft 

Coal,  bituminous,  solid,  i.atox.5 

Coal,  bituminous,  solid,  Cambria  Co.,  Pa.,  1.27  to  x. 34- 

Coal,  bituminous,  broken,  of  any  size,  loose 

Coal,  bituminous,  moderately  shaken 

Coal,  bituminous,  a  heaped  bushel,  loose,  70  to  78 

Coal,  bituminous,  x  ton  occupies  43  to  48  cu  ft 

Coke,  loose,  good  quality 

Coke,  k>ose,  a  heaped  btudiel.  3s  to  43  lb 

Coke  kiose.  x  ton  occupies  80  to  97  cu  ft 

Coacreta,  stone 130  to  150 

Concrete,  cinder xoo  to  ixo 

Copper,  hammered 8.8  to  9.0 

Copper,  rolled 8.9  to  9.0 

Copper,  drawn  wire. . . .  > 8.8  to  90 

Copper,  sheet 

Copper,  cost 8. 6  to  8.9 

3oppcr,  melted 

::ark.dry 

Corundum,  pure 3-9^  ^  4-oi 

oil X. 04  to  1. 10 

American,  dry  t 

^offwood,  dryt 

"^qugiaa  fir,  dry  t 

Sarth,  common  loam,  perfectly  dry,  loose 

Sarth,  common  kiam.  perfectly  dry,  shaken 

Earth,  common  kiam,  perfectly  dry.  rammed 

Earth*  common  loam,  slightly  moist,  loose 

Earth,  common  loam,  more  moist,  loose 

!arth,  common  kiam.  more  moist,  shaken 

Svth.  common  ksam,  more  moist,  packed 

larth,  common  loam,  as  soft,  flowing  mud 

larth.  common  loam,  as  soft,  flowing  mud.  well-pressed 
'Ikmi^ 


ldBV>inth. 
fan,  dryt 
Inusock. 


8.12 
1.90 
x.oi 
I. so 


2.33 
1.68 
S.95 
8.9s 
8.89 

8.72 
8.83 
8.23 
0.24 

3.96 
1.07 
o.SS 
0.75 
o.SX 


I  35 


1.22 

1.09 

0.076 

0.56 

0.80 

2.70 


Average 

weight  of 

X  cuft 

lb 


._ 


507.0 

118. 5 

63.0 

9a- 5 

53  to  56 

56  to  60 


«4.o 
79  to  84 
47t0  5a 
5Xtos6 


33  to  3a 


1450 
X05.0 
558.0 
5580 
S54-5 
543-6 
S50.0 
5x3-0 
150 

347-5 
tf6.ft 

34-3 

46.8 

3X8 

72  to  80 

Sato  92 

90  to  xoo 

70  to  76 

66to  68 

75  to  90 

90  to  xoo 

xe4  to  XX2 

XIO  to  X20 

76.0 

68.0 

4-7 

350 

50.  c 

168.5 


The  values  gfTen  in  this  tabk  fw  specific  gravities  and  for  weights  per  cubic  foot  are 
RACK  values. 

The  wofd  "ihy"  in  this  connection  indicates  that  the  wood  contains  not  more  than 
p  <rf  moMtuiS*  Green  timbers  usually  weigh  from  one-fifth  to  nearly  one-half  mort 
I  dry;  otdinaiy  twiirii^  timhnn.  tolerably  seasoned,  one-aixth  nuxe. 
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Specific  Gravity 


Parts 


SpKiAc  OnvitiM  and  Wtigliits  per  CnUc  Foot  of 

(Continoed) 


The  basis  for  specific  gravities  is  pure  water  at  62* 
baxxnneter  50  in.    Weight  of  i  cu  ft  of  water, 

62.J55  lb 


P., 


Emery 

Fats 

Feldspar 

Filbert-tree,  dry  t 

Fir,  Douglas  (see  Douglas  Fir). 

Flint 

Gamboge 

Garnet 3-4  to  43 

Glass,  optical 

Glass,  flint 

Glass,  white 

Glass,  plate 

Glass,  green 

Glass,  floor,  heavy 

Glass,  window 

Gneiss  (see  Granites). 

Gold,  pure 

Gold,  hammered,  native 

(jold,  cast 

Granites  and  gneiss,  Connecticut,  Greenwich 

California,  Penryn  (hornblende) 

New  York 

Maryland,  Port  Deposit 

Massachusetts,  Quincy  (hornblende) 

Wisconsin,  Athelstane 

Georgia,  Lithomia  and  Stone  Mountain 

Minnesota 

(California,  Rocklin  (muscovite) 

Rhode  Island,  Westerley 

Connecticut,  New  London 

New  Hampshire,  Keene 

Maine,  Hallowell 

New  Hampshire.  Conaffd 

Vermont,  Barre 

Wisconsin,  Montello 

Cx>lorado,  Georgetown  (biotite) 

Maine,  Fox  Island 

Massachusetts,  Rockport 

Graphite 

Gravel,  dry 

Gravel,  wet 

Greenstone,  trap a. 8  to  3-3 

Grindstone 

Gum  arabic 

Gun-metal  (see  Bronze). 

Gunpowder  (granular) 

Gutta-percha 


Average 

Averafe 

specific 

weight  of 

gravity. 

I  en  ft 

Water  -  i 

lb 

4.03 

249.5 

0.93 

58.0 

a.57 

160.3 

0.60 

37S 

2.63 

X640 

X.90 

74.8 

3.8s 

240.1 

3.45 

215.0 

3.00 

X87.0 

a. 89 

180.1 

3.80 

1746 

a.67 

166  s 

2.53 

x^.o 

2.50 

156.0 

I9S0 

I  ais.9 

19.40 

1209.7 

19.258 

X  aoo.8 

a.84 

177.3 

2.77 

172.9 

a. 74 

171 .0 

a. 7a 

X69.6 

a.  70 

X68.5 

a. 70 

168.5 

a.69 

i6T9 

a.6B 

167.3 

a.66 

167.3 

a.67 

166.7 

a.66 

166.0 

a.66 

166.0 

a. 65 

165.2 

a. 6s 

165  a 

a.6s 

165  a 

2.64. 

164.6 

a.63 

164.0 

a. 63 

1640 

a.6i 

162.7 

a.a6 

140.0 

1-79 

XX2.0 

3.00 

X2S.O 

3.00 

1870 

a. 14 

133-5 

1.32 

aas 

1. 00 

«2.4 

0.98 

6x.o 

*  The  values  given  in  this  table  for  specific  gravities  and  for  weights  per  cubic  fool  are 
AVERAGB  values. 

t  The  word  '*  dry  "  m  this  connection  indicates  that  the  wood  contains  not  Brave  thsa 
xs%  of  moisture.  Green  timbers  usoally  weigh  from  one-fifth  to  aeaily  one-balf  man 
»h%o  drv;  ordinaxy  buikimg-timbets,  tolerably  seasooed. 


Specific  Gravity 
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SpMiik  GnvitiM  aad  W«iclite  per  Cobic  Foot  of  Varioug  Sabttaacos  * 

(ContmiMd) 


rbe  basis  for  specific  gravities  is  pure  water  at  6a"  F., 
barometer  30  ia.    Weight  of  i  cu  ft  ol  water 
62.355  lb 


lypsum,  natural  rock,  free  from  surface-water 

rypsum,  crushed  rock,  not  calcined,  all  ptassing  x-in 

ring 

iypsum.  ground  rock,  90%  passing  xoo  mesh,  dried 

not  calcined 

iypsum,  Plaster-of-Paris,  stucco,  stiff  mortar,  set  and 

dried  out 

lypsum,  Plaster-of-Paris,  stucco,  ground  rock,  90% 

passing  100  mesh,  calcined,  loose 

well  shaken  down  or  in  bins 

[ackmatack  (see  Larch). 

[ay,  k)ose  in  stacks,  about  5x2  cu  ft  per  ton 

iemlock,  dry  f , 

ickocy,  pignut,  dry  t 

kkory,  mocker*nut,  dry  t 

ickory,  shagbark,  dry  f 

ickory.  nutmei;,  dry  t 

ickoiy,  bittemut,  dry  f 

ickory,  water,  dry  t 

ouy : 

oney 

oru , 

omblende 3.oto3.s 

« ;  •    •  v.-   ••: **-^  ^  o-9'4 

idiana  Limestone 

dine 

idium,  pure ■ 

on,  cast. .- 6,9  to  7.4 

00,  gray,  foundry,  cold 

on,  gray,  foundry,  molten 

on,  wrought 

cry 

niper-wood 

IrOllQ 

iva 

irch.  or  hackmatack,  dry  f 

trd 

ad,  commercial,  cast 

ad,  commercial,  sheet 

ad,  pure 

ad,  molten 

snum-vitxc.  dry  t 0.65'  to' i.33 

mc,  quick,  ground i  .o.t  to  x .  20 

mestone,  Illinois 

Indiana 

Kentucky 

hlichigan !!!!.!!!!! 

Minnesota 

Missouri 

Wcw  York .'.'.'!.'.■.;;.*! 

Average  of  limestones 

iseed-oil 


Average 

Average 

specibc 

weight  of 

gravity. 

X  cu  ft 

Water  «x 

lb 

2.30 

143.0 

1.52 

95.0 

1-25 

78.0 

X.22 

77.0 

0.96 

60.0 

X.IX 

•    •    •    • 

70.0 

•   ■  •   • 

0.42 

•   ■  •  » 

26.2 

0.89 

SS.6 

0.8s 

53.1 

0.81 

50.6 

0.78 

48.7 

0.77 

48.  X 

0.73 

45.6 

0.76 

47.4 

1.45 

90.5 

1.69 

105.5 

3.25 

202.7 

0.89 

56.0 

2.31 

4-94 

144.0 
308.0 

22.  X2 
7.2 

1379.0 
448.9 

7.21 

450. 0 

6.94 

433.0 

7.70 

480.0 

1.88 

117. 0 

0.57 

.35.6 

2.20 

137.2 

2.65 

165.2 

0.5s 

34-3 

0.94 

58.7 

11.36 

708.0 

XI.  40 

710.8 

XX. 42 

7130 

X0.40 

648.8 

0.99 

41  to  84 

X.X2 

65  to  75 

2.57 

X60.4 

2.31 

144.0 
167.4 

2.685 

2.44 

ie2.x 

2.655 

165.6 

2.32 

144.8 

2.71 

169.0 

2-57 

X60.4 

0  935 

S8  3 

rhc  values  given  in  this  table  for  specific  gravities  and  for  weights  per  cubic  foot  are 
!AOE  values. 

^if  «S!li,'^^r!l**'i^*'?!;°**^°"n^™*'*=^^?*/'»»*  ^^  ^"^  contains  not  more  than 
or  moisture.  Green  Umbers  usually  weiijh  from  one-fifth  to  nearly  one-half  more 
dry;   ozdinaiy  buikhng-timbers.  tolerably  seasoned.  one-sathiw)re. 


1506 


Spedfic  Gravity 


Part 


Sp«iilk  GtmfitiM  mad  WelglMs  per  Cubic  Foot  «f  T«rio«s 

(Coatiimed) 


The  bane  for  specific  gravitiea  it  pore  water  at  6a*  F., 

barometer  30  in.    Weight  o£  i  cu  (t  oC  water, 

63.355  lb 


Lociut,  dry  t 

Magnesite 

Masnesium,  pure 

Mabofany 0.56  to  i  .06 

Manganese,  pure 

Manganese,  ore,  red 

Manganese,  ore,  black 

Maible.  average 3.6  to  164.4 

domestic. 

New  York 

California 

Georgia 

Vermont,  Dorset 

foreign, 

Parian 

African 

Carrara 

Biseayan 

British 

Prendi 

Marl 

Masonry,  brickwork  (see  Brickwork) 

Masonry,  concrete,  stone 

Masonry,  concrete,  cinder 

Masonry,  gjanite,  dressed 

Masonry,  granite,  rubble  in  cement 

Masonry,  limestone,  dressed 

Masonry,  marble,  dressed  for  buildings 

Masonry,  sandstone 

Mastic,  gum  resin 

Mercury,  at  32*  F 

Mica 2.75*031 

Milk,  at  32*  F 

Molybdenum,  pure 

Mortar,  lime 

Mortar,  cement 

Mud,  dry,  close 

Mud,  wet,  moderately  pressed 

Mud,  wet,  fluid 

Mulberry-tree,  dry  f 

Naptba-oil,  wood,  at  32*  P 

Nickel 

Oak,  live,  dry  t o.SSto  x.02 

Oak.  white,  dry  t 0.66  to  0.88 

Oak.  fed  and  black,  dry  t 

Ochre 

Olive-oU.  32'  F 


Avenge 

specific 

gravity. 

Water  -  i 


0.71 

3.0 

1.72 

o.8x 

8.00 

4.01 

3  45 

3.6 

2.83 
2. 75 
2.73 
2.66 

2.84 
2.80 
2.72 
2.71 
2.71 
2.65 
2.10 

2.33 
X.68 
2.64 
2.4« 

2.60 

2.72 

2.41 

0.85 

13-62 

2.93 

1.032 

8.63 

1.6s 
1.68 


0.75 
0.85 
8.56 
0.95 

0.77 

3  50 
0.916 


weight  of 

icuft 

lb 


443 

187.1 
107.0 

5B.5 
4990 
2S00 
2x5.1 

xda.i 

176-5 
171  5 
170.2 
166.0 

177.  X 
174-6 
X69.6 
169.8 

169.0 
165.2 
131 -o 

I4S-3 

XO5.0 
1650 
1550 
X62.0 
X70.0 
15x0 
S3-0 

8490 
183.0 

64-3 

538.x 

X03.0 

105  0 

Sato  no 

xiotoxjo 

X04tOl2D 

46.8 

5X7toS5» 
593 

480 

32  to  45 
2T8.e 

57" 


*  The  valaes  given  in  this  table  for  specific  gravities  and  for  weights  per  ctd»fe  foot  m 
AVBHAGE  vahies. 

t  The  word  *' dry  "  in  this  conneetloa  indicates  that  the  wood  contafais  not  nM»e  thi 
15%  of  moisture.  Green  timbers  ufluslly  weigh  from  one-fifth  to  ataaiy  ooe-half  Bfl 
^u..  j^.  ordiaaty  buildmg-timbcrs,  tdbnMy  seasoned,  one-sixth  more. 


Sjpectfic  Gravity 


ISOTi 


(CotttfnMA) 


The  basis  for  specific  gravities  is  pure  water  at  fia"  P., 
barometer  30  in.    Weight  of  x  cu  ft  of  water, 
6a.355  lb 


Oolitic  stoaes. 
Opal. 


Opinm 

Oiangistree. 
Palladium.. 
Paper 


Paraffin 

Pear<tree  wood,  dry  f 

Peat,  pressed 

Petroleum,  oil 

Pine,  Cuban,  dry  t 

Pine,  yellow,  long-leaf,  dry. . 

Pine,  loblolly,  dry 

Pine,  yellow,  shart>leaf,  dry. 

Pine,  red,  Norway,  dry 

Pine,  spruce,  dry 

Pine,  white,  dry 

Pitch 


Plaster  of  Paris  (pec  Gypsum) 

E'latinum 

Plumbago 

Poplar,  dry  t 

Poroelain,  ehina 

Porphyry 

Potash 

Potassium 

Pumice-stone 

Quartz. 


}tunce*treo  wood,  dry  f 

^edlead 

iesin 


<xx;k-crystal . 
tosewood.. . 
(osin 


tubber.  India 

luby 

ialt,  coarse,  per  struck  bushel,  Syracuse,  N.  Y..  56  lb. . 

^tpetre 

^nd,  of  ptire  quartz,  perfectly  dry  and  loose 

axul.  of  pure  quartz,  voids  full  of  water 

and.  of  pore  quartz,  very  large  and  small  grains,  dry . . 
aadstone,  average 

Maasachusetts,  Longmeadow 

Connecticut,  Portland 

Xew  York 2.40  to  3.70 

New  Jersey,  Belleville 

Pennsylvania 

Virginia,  Bristow 


Average 

Average 

specific 

weight  of 

gravity. 

xcuft 

Water  -  i 

lb 

a.as 

140.3 

a.  IS 

134.P 

1-34 

83.6 

0.71 

44-3 

11.80 

735.8 

0-95 

593 

0.88 

54-9 

0.67 

41.8 

0.7a 

45.0 

0.878 

54.8 

0.63 

39-3 

o.6x 

38.1 

O.S3 

331 

o.si 

3X.» 

0.50 

31.3 

0.44 

37.5 

0.38 

33-7 

X.06 

67.0 

a.as 

140.3 

ai.so 

X. 140.6 

a.xo 

X3i.a 

0.47 

393 

a.30 

X43'4 

3.76 

173.3 

?.a0 

X4X.0 

0.865 

54.0 

0.9a 

57.4 

»6$ 

iHi 

0.71 

44.3 

8.94 

557-5 

J  09 

68.0 

a.6o 

X63.0 

0.73 

45.6 

no 

68.6 

0.93 

58.0 

390 

3430 

4$.0 

3.02 

122  to  X30 

90  to  106 

118  to  X39 

1X7.0 

3-44 

153. X 

a.  49 

X55-4 

a. 50 

156.0 

3.60 

162. X 

3.40 

X49-7 

3.63 

164-3 

2.60 

X62.0 

Hie  values  given  in  this  table  for  specific  gravities  and  for  weights  per  oubic  foot  ar 
RAGB  values. 

The  ward  **  dry  "  ia  this  conaection  indicates  that  the  wood  omtains  not  nan  tha 
^  «f  fnoisturp.  Greea  timbers  ustiaOy  weigh  from  one-filth  to  nearly  ooe-hatf  boi 
I  dry;  ocdfauxy  buHdiog-timbers,  tolcraWy  seasoned,  ooe-aiith  more. 
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Specific  Gravity 


Parts 


Spedfle  OmvltlM  and  Weights  per  Cubic  Foot  of  Tarioiit 

(CoatimMd) 


The  basis  for  specific  gravities  is  inire  water  at  62*  P., 

bcuxnneter  30  in.    Weight  of  i  cu  f t  of  water, 

62.355  lb 


Sandstone,  (continued) 

Ohio 

Michigan 

Wisconsin 

Minnesota 

Colorado 

California,  Angel  Island. 

Shales,  red  or  black 

Sflica ; 


Silver 

Skte 

Snow,  freshly  fallen 

Snow,  moistened,  compacted  by  rain . 

Soapfttone 

Sodium 

Spelter 

Spirit,  rectified 

Spruce 

Steel,  cast 

Steel,  wrought 

Sugar 


Sycamore,  dry. 

Talc 

Tallow 

Tamarack 

Tar 


Teak 

Terra-cotta,  soUd  blocks 

hollow  blocks,  iH-in  thick,  smaller  pieces  heaviest. . 

Tiles,  solid 

Tin,  rolled 

Tin,  cast 

Tin,  molten 

Trap  (see  Basalt). 

Tungsten 

Turpentine 

Tjrpe-metal,  cast 

Uranium 

Vinegar 

Walnut,  black,  dry 

Water,  pure  rain,  distilled,  at  3a*  P.,  barometer  30  in 

Water,  pure  xain,  distilled,  at  6a"  P.,  barometer 30  in 

Water,  pure  rain,  distilled,  at  21a*  P.,  barometer  30  in 

Water,  sea x  .026  to  1.030 

Wax  (see  Beeswax). 

WUlow 

Wine 

Zinc  or  spelter 6.8  to  72 


Average 

specific 

gravity. 

Water-  x 


3.22 

a. 35 
2.22 
2.2s 
a.33 

a. 73 

2.60 

2.66 

10.50 

2.8Z 


a.  73 

0.978 

7.10 

0.824 

0.40 

79 
7.8s 
X.60 
0.58 

2.8t 

0.94 
0.38 
x.oo 
0.70 


2.20 

7.40 

7.30 
7.02 

19. 129 
0.87 
X0.45 

18.49 
Z.06 

0.60 
x.oo 
1. 008 
0.49 

l.OX 

7.00 


weight  of 

I  en  it 

lb 


I. 


IJ8.6 

X46.S 
13B.6 

140.S 
145-3 
170.0 
162.0 
1660 

6545 

1750 

5  to  12 
15  to  so 

170.0 
61.0 

443c 

51  4 

aso 

4926 

4896 

100. 0 

36.5 
175  a 
58.6 
33.6 
624 

437 
120  to  122  I 

65  to  85 

136. 5 

461  5 
455  0 

437-7 

z  192.8 

54-3 
651-8 

I  153  0 

37  S 

6a4 

62.355 

S9-7 

64.1 

30s 

63.0 

^5 


*  The  values  given  in  this  table  for  specific  gravities  and  for  wei^ts  per  cubic  foo4  an 
AVERAGE  values. 

t  The  word  "  dry  *'  in  this  connection  indicates  that  the  wood  contains  not  more  thd 
15%  «f  moisture.    Green  timbers  ususlly  weigh  from  one-fifth  to  nearly  ooe-haB 
than  dry;  ordinary  building-timbciB,  tolerably  acasooed,  OBe-«ixth 


Wire-Gauges  and  Metal-Data  1509 


WIRE-GAUGES*  AND  METAL-DATA 

k  Wire^Oaoge  is  a  method  of  designating  the  diameter  of  wires  or  the  thick- 
is  of  sheets  of  metal  by  the  numbers  of  a  table  arranged  on  a  certain  6zed  basis, 
ere  are  at  the  present  time  several  gauges,  resulting  in  great  confusion, 
ble  XIII,  page  402,  gives  the  diameters  of  the  gauges  in  common  use.  The 
y  legal  gauge  in  this  country  is  the  United  States  standard  gauge,  described 
page  1600.  It  is  used  by  most  of  the  manufacturers  of  sheet  iron  and  steel 
i  tin  plate.  The  Brown  &  Sharpe  gauge  is  commonly  used  for  designating 
i  of  copper  wires  (see  page  15 10);  also  for  sheet  copper  and  brass.  Nearly 
copper  wire,  bare  and  insulated,  is  ordered,  manufactured,  and  carried  in 
:k  in  accordance  with  this  gauge.  This  might  be  called  the  Copper  Wire 
uge.  The  American  Steel  &  Wire  Company  uses  the  old  Washburn  & 
en  and  Roebling  gauges  for  all  their  steel  and  iron  wire  and  also  for  wire  nails. 
;  sectional  areas  for  these  gauges  are  given  on  pages  403  and  15x2,  taken  from 
Roebling  and  American  Steel  &  Wire  Company's  lists.  When  placing  orders 
sheets  and  wire,  it  is  always  best  to  specify  the  weight  per  square  or  linear 
:  or  the  thickness  or  diameter  in  thousandths  of  an  inch  or  in  circular  mils. 
;  gauge  for  steel  wire,  used  by  the  J.  A.  Roebling's  Sons  Company,  is  given 
[>age  403,  and  the  circular-mil  gauge  on  page  i473*  The  gauge  used  by  this 
ipany  is  the  same  as  the  Washburn  &  Moen  gauge,  or  the  American  Steel 
i^ire  gauge,  except  that  the  diameters  in  most  cases  are  given  to  the  nearest 
This  gauge  is  so  generally  used  for  steel  wire  that  it  is  sometimes  called 
Steel  Wire  Gauge  or  the  Market  Wire  Gauge.  The  Birmingham  Wire  gauge 
le  same  as  Stubs'  Iron-Wire  gauge,  but  entirely  different  from  Stubs'  Steel- 
e  gauge.  Galvanized  telegraph  and  telephone-wire,  both  bare  and  insu- 
d,  and  galvanized  armor-wire  are  usually  designated  by  this  gauge.  Its 
is  not  very  extensive  and  is  becoming  less.  The  new  British  Standard  gauge 
he  legal  standard  for  Great  Britain  and  is  used  there  for  all  kinds  of  wire, 
use  in  this  country  is  very  limited.  It  is  known,  also,  as  the  English  L^al 
idard  gauge  and  the  Imperial  Wire  gauge. 

•  See,  alio,  pages  401,  402,  403,  1469,  1473.  i5»o.  X512,  and  1600. 
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Weichte  in  Pounds  per  Square  Foot  of  Sheets  of  Wroaght  Iron,  Steel,  Cotptfi 


Thickness  by  American  (Brown  &  Sharpe)  gauge  * 


No.  of 
gauge 

Thickness 
in  inches 

Iron 

Steel 

Copper 

Braa 

0000 

0.46 

18.40 

18.77 

30. 84 

1969 

000 

0.4096 

16.39 

16. 7X 

X8.56 

17  S3 

00 

0.3648 

1459 

14-88 

16.53 

IS  61 

0 

0.3249 

13.99 

13.2s 

14.72 

1390 

I 

0.2893 

IX.  57 

IX  .80 

13.  XI 

12.38 

2 

0.2576 

10.31 

10. 51 

IX. 67 

IX. 03 

3 

0.2394 

9.18 

936 

10.39 

9.82 

4 

0.3043 

8.X7 

8.34 

9.26 

8.74 

5 

O.X819 

7.28 

7.42 

8.24 

779 

6 

0.1630 

6.48 

6.61 

7.34 

6.93 

7 

O.X443 

5.77 

5.89 

6.54 

6.  IS 

8 

O.X385 

514 

S.24 

5.83 

5.S0      1 

9 

O.X144 

45» 

4.67 

5.X8 

490 

10 

0.10x9 

4.08 

4x6 

4.62 

4JS 

XX 

0.0907 

363 

3.70 

4.11 

3M 

13 

0.0808 

3.23 

330 

3.66 

3.46 

13 

0.0720 

3.88 

a.94 

3.26 

3-* 

14 

O.064X 

3.56 

a.6x 

3.90 

2.74      1 

15 

O.0S71 

3.38 

3.33 

2.S9 

2.44 

i6 

0.0508  ' 

3.03 

3.07 

2.30 

3.XS 

17 

0.0453 

t.8l 

i.«5 

3.0s 

19* 

j8 

0.0403 

1. 61 

1.64 

1.83 

X.73 

19 

0.0359 

1.44 

1.46 

1.63 

X.54        1 

ao 

0.0330 

1.38 

1.30 

I.4S 

I-J7 

21 

0.0385 

X.14 

i.x6 

1.29 

x.as 

22 

0.0353 

X.OI 

1.03 

X.X5 

x.oS 

23 

0.0336 

0.903 

0.93X 

X.Q2 

0.966 

24 

0.030X 

0.804 

0.830 

O.9XX 

0.860 

25 

0.0179 

0.716 

'0.730 

o.8xx 

0.7«6 

a6 

0.0X59 

0.638 

0.650 

0.733 

o.tta 

27 

0.0143 

0.568 

0.579 

0.643 

0.608 

28 

0.0x36 

0.506 

0.5x6 

0.573 

0.541 

29 

0.0XX3 

0.450 

0.459 

0.5x0 

0.48a 

30 

O.OIOO 

0.40X 

0.409 

0.454 

0429 

31 

0.0089 

0.3S7 

0.364 

0.404 

0.383 

32 

0.0080 

c.318 

0.324 

0.360 

0.340 

33 

0.007X 

0.383 

0.289 

0.32X 

0.3C13 

34 

0.0063 

0.353 

0.357 

0.386 

0  370 

35 

0.0056 

0.334 

0.339 

0.354 

0  240 

Specific  gravity 

7.704 

7.8s 
489.60 

8.73 
543-6 

8.24 

Weight  per  cubic  foot 

480.00 

513.6 

Weight  per  cubic  inch 

0.3778 

0.3833 

0.3146 

©.a9S» 

For  other  gauges  see  pages  401,  402,  403,  1469,  1473,  1509,  1512,  and  1600. 
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Sizes  and  Weii^ts  of  Smooth  Steel  Wire* 
As  made  by  the  American  Steel  &  Wire  Company 


No. 

of 

gauge 


000000 
00000 

oooo 

000 
00 

o 
z 


3 

4 


5 
'6 


7 
8 


9 

xo 


IX 
12 


13 
14 
IS 
X6 

17 
i8 

19 

20 
21 


23 
23 
34 


Diameters 


Fractions 
of  inch 


'^2 


^6 


«4a 

"h" 


Ti2 


Mo 


H2 


H 

•}ia 


}U 


i/ia 


Decimals 
of  inch 


0.46x5 
0.4375 
0.4305 
0.40625 

0.3938 
0-3750 
0.3625 

0.34375 

0.3310 

0.3125 

0.3065 

0.2830 

0.28125 

0.2625 

0.2500 

0.2437 

0.2253 

0.21875 

0.2070 

0.1920 

0.1875 
0.1770 
0.1620 
0.15625 

0.1483 
0.1350 

0.I2S 
0.I20S 

o.  1055 

0.0937s 

0.0915 

0.0800 

0.0720 

0.0625 

0.0540 

0.0475 

0.0410 

0.0348 

0.0317 

0.0312s 

0.0286 

0.0258 

0.0230 


Milli- 
meters 


11.72 
II.  II 

10.93 
10.32 
10.00 

9.525 
9.2075 

8-731 
8.407 

7.938 
7.78s 
7.188 
7.144 
6.668 
6.350 
6.190 
5. 723 
S.536 
5  258 
4.877 
4.763 
4.496 
4115 
3.969 
3.767 
3  429 
3.17s 
3.061 
2.680 
2.381 

2.324 

2.032 

X.829 

X.58S 

1.372 

X.207 

1. 041 

0.8833 

0.8052 

0.7938 

0.7264 

0.6553 
0.5842 


Sectional 
area, 
sq  in 


0.16728 

0.15033 
0.14556  . 

.12962 
0.12180 
0.X1045 
0.X0321 

.092806 
0.086049 
0.076699 
0.073782 

.062902 
0.062126 
0. 054119 
0.049087 
0.046645 
0.039867 
0.037S83 
0.033654 
0.028953 
0.027612 
0.024606 
0.0206x2 
0.019175 
0.017273 

0.014514 
0.012272 

0.011404 

.0.0087417 
0.0069029 

0.00657SS 
0.0050366 
0.00407x5 
0.0030680 
0.0023902 
0. 001 7721 
0.00x3203 

0.00095115 
0.00078924 
0.00076699 
0.00064242 
0.00052279 
0.00041548 


Weight  t 


Pounds 

per 
100  feet 


56. 8x 
51.05 

49.43 

44.02 

41.36 
37.51 
350s 
31.52 
29.22 
26.05 
25.06 
21.36 
21.  xo 
18.38 
16.67 
15.84 
13-54 
12.76 

II  43 
9832 

9-377 

8.356 

7.000 

6.512 

5.866 

4.86X 

4.168 

3  873 

a.969 

2.344 

2.233 

1.707 

1  383 

X.043 

0.7778 

0.60x8 

0.4484 

o  3230 

0.2680 

0.2605 

0.2x82 

O.X775 

0.X41X 


Pounds 
per  mile 


29990 
2696.0 
2610.0 
2324.0 
2x84.0 
Z980.0 
X85X.0 
X664.0 
1543  o 
1375-0 
1323.0 

1X28. o 

XX14.0 

970.4 
880.2 

836.4 
714.8 

673.9 
603.4 
S19.2 
495  1 
441.2 
369.6 
343-8 
3097 
256.7 
220.0 

204.S 

156.7 
123  8 

117.9 
90.  X3 
73 -ox 
55.01 
41.07 
31  77 
23.67 
17.05 
14  IS 
13  75 
IX. 52 

9  37 
7. 45 


Na 
olttxt 

per 
pound 


i.7« 
19S9 

2.033 

2.373 
2.418 
2.666 
2.<to 
3.ITJ 
3.4a 
3SS 
3-991 
4.681 
4-7*1 
5.441 
S.999 
6.313 
7.3S8 
7.8fi 
8.7S0 
XO.17  ' 
X0.66 
IX.97 
14-29 
1535 
17.0$ 
20.57 
24.00 

25  83 

3369 

43.66 

4478 

58  S* 

7232 

9S98 

X38  6c 

16630 
22300 
309.60 
37310 
3S39C 
45843 

708-7° 


I 


*  For  other  gauges,  see  pages  401,  40a,  403,  X469,  14731  1S09.  iSto  and  z6oo. 
t  For  iron  wire,  the  values  in  columns  6  and  7  should  be  midtiplied  by  0.98  audi 
copper  wire,  by  1.12. 
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Kinds  of  Wir«  MinvfMtand  by  the  AmaricAn  Steel  and  Wise 

Compenj 

Market-wire,  Nos.  oooo  to  i8. 

Annealed  stone-wire  or  weaving-wire,  Nos.  i6  to  47. 

Tinned  market- wire,  Nos.  o  to  18. 

Tinned  stone-wire,  Nos.  16  to  40. 

Gun-screw  wire,  finished  with  great  care  as  regards  roundness  and  exactness 
o  gauge,  Nos.  z8  to  50. 

Machinery-wire,  Nos.  00000  to  x8. 

Cast-steel  wire,  ^6-in  diameter,  down  to  No.  26. 

Drill  and  needle-steel  wire,  Nos.  z  2  to  25. 

The  term  market-wire  applies  to  the  ordinary  and  most  used  forms  of  Bes- 
emer  annealed,  bright,  galvanized,  tinned  and  coppered  wires. 

GalTanized-Iron*Wlre  Strand.  The  diameter,  list-price  per  100  ft,  weight 
er  100  feet  and  approximate  breaking4oad  in  pounds  for  this  wire  b  given  in 
able  XVI,  Chapter  XI. 
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Metai-Datai 


WdshtB  and  Armi  of  84«re  mad  Boantf 

Round  SiMl  Ban* 


of 


Weights  are  for  steel,  at  489.6  lb  per  cu  ft 

Thickness 

or 
diameter. 

Weight  of 

D  bar 
zftlong» 

Weight  of 

0  bar 
I  ft  long* 

Area  of 
Dbar, 

Area  of 
Obar. 

• 

Ckcumfar- 
eaoeoi 

Obor. 

in 

lb 

lb 

sqin 

sq  in 

in 

Me. 

0.013 

O.OIO 

0.0039 

0.0031 

0.1963 

964 

0.021 

0.016 

0.0061 

0.0048 

0.2454 

Hi 

0.030 

0.023 

0.0068 

0.0069 

0.3945 

U* 

0.04X 

0.032 

o.ciao 

0.0094 

O.J436 

H 

O.OS3 

0.042 

0.0156 

0.0123 

0.3927 

H* 

0.067 

0.OS3 

0.0198 

O.OIS5 

0.4418 

%a 

0.083 

0.065 

0.0244 

0.0x92 

0.4909 

1^4 

O.IOO 

0.079 

0.0295 

0.023a 

0.5400 

M6 

0.120 

0.094 

0.0352 

0.0276 

0.5890 

^U 

0.140 

O.IIO 

0.0413 

0.0324 

0.6381 

^2 

0.163 

0.128 

0.0479 

0.0376 

0.6872 

1H4 

0.187 

0.147 

0.0549 

0.0431 

0.7363 

H 

0.213 

0.167 

0.0625 

0.0491 

0.7854 

1^4 

0.240 

0.188 

0.0706 

0.05S4 

0.8345 

Wa 

0.269 

0.211 

0.0791 

0.0621 

0.8836 

»H4 

0.300 

0.235 

0.088X 

0.0692 

0.9327 

M6 

0.332 

0.261 

0.0977 

0.0767 

0.9817 

1J^2 

0.402 

0.316 

0.1182 

0.0928 

1.0799 

H 

0.478 

0.376 

0.1.406 

0.1104 

1.1781 

>H2 

0.561 

0.441 

0.1650 

0.1296 

1.2763 

7/16 

0.651 

0.511 

0.1914 

0.15C3 

1.37*4 

1^32 

0.747 

0.587 

0.2197 

0.1726 

1.4726 

H 

0.850 

0.668 

0.2500 

0.1963 

1.5708 

^2 

0.960 

0.754 

0.2822 

0.2217 

X.6690 

%6 

1.076 

0.84s 

0.3164 

0.24S5 

1.7671 

»9^2 

1. 199 

0.941 

0  3525 

0.2769 

1.86S3 

H 

1.328 

1.043 

0.3906 

0.3068 

1.963s 

Hio 

1.607 

1.262 

0.4727 

0.3712 

2.1598 

H 

1.913 

1.502 

0.5625 

0.4418 

2.3S6« 

»?i6 

2.245 

1.763 

0.6603 

0.518s 

a.S52S 

H 

2.603 

2.044 

0.7656 

0.6013 

2.74^ 

»M« 

2.989 

2.347 

0.8789 

0.6903 

2.94Sa 

*  Adapted  from  the  19x9  Edition  of  the  Handbook,  of  the  Cambria  Sted  Compaay 
Johnstown,  Pa. 
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WMchti  and  Aims  of  Sduai*  and  Roaad  SImI  Ban  * 

WoghU  are  lor  attel,  U  489.6  lb  per  cu  ft 


Thick 

D 

0 

Thick- 

D 

0 

. 

nesB, 

Weight 

Weight 

ness, 

Weight 

Weight 

in 

Area. 

per 

Area, 

per 

in 

Area, 

per 

Area. 

per 

sqin 

foot, 
lb 

sqin 

foot, 
lb 

aqin 

foot, 

lb 

sqin 

foot, 
lb 

I 

I.OOO 

3.400 

0.785 

2.670 

3 

9.000 

30.60 

7.069 

2403 

H. 

1. 139 

3.838 

0.887 

3.0x4 

H« 

9-379 

31 .89 

7.366 

25.04 

H 

X.266 

4 -303 

0.994 

3.379 

H 

9.766 

33.20 

7.670 

26.08 

hB 

1. 410 

4.795 

1.X08 

3.766 

M« 

10.16 

34.55 

7.980 

27.13 

H 

1.563 

53X2 

1.227 

4- 173 

H 

xo.56 

35.92 

8.296 

26. ao 

iU 

1.723 

5. 857 

I.3S3 

4600 

h9 

X0.97 

37.3X 

8.618 

29.30 

H 

1. 891 

6.428 

1.485 

5.049 

H 

XI. 39 

38.73 

8.946 

30.42 

Ht 

2.066 

7.036 

X.623 

55X8 

M« 

XX. 83 

40.18 

9.281 

3X.56 

H 

2.25P 

7.650 

1.767 

6.008 

H 

12.25 

41.65 

9.621 

32.7X 

?<• 

2.441 

8.30X 

1. 918 

6.520 

Me 

12.69 

43.14 

9-968 

33.90 

H 

2.64X 

8.978 

2.074 

7. 051 

H 

13.14 

44.68 

10.32 

35.09 

iH« 

a.84S 

9.682 

2.237 

7.604 

Hie 

13.60 

46.24 

10.68 

36.31 

H 

3.063 

10. 4X 

2.40s 

8.178 

y* 

14.06 

47.82 

11.05 

37.56 

»M« 

3.285 

II. 17 

2.580 

8.773 

»Me 

X4.54 

49>42 

11.42 

38.8X 

^/6 

3.S16 

11.9s 

2.761 

9.388 

H 

15.02 

51.05 

11-79 

40.  xo 

»fi« 

3.754 

12.76 

2.948 

10.02 

^Me 

15.50 

52.71 

12.  x8 

41.40 

2 

4.000 

13.60 

3.142 

10. 68 

4 

16.00 

54.40 

12.57 

42.73 

He 

4.254 

14-46 

3.34X 

1136 

He 

16.50 

56.11 

12.96 

44.07 

H 

4.516 

IS. 35 

3.547 

12.06 

H 

1702 

57.8s 

13.36 

45-44 

?i« 

4.785 

16.27 

3. 758 

12.78 

Me 

17.54 

59.63 

13.77 

46.83 

^ 

5  0^ 

17.22 

3.976 

13  52 

H 

18.06 

61. 41 

14.19 

48.24 

?f« 

5-348 

18.19 

4.200 

14.28 

Me 

18.60 

63.23 

14.61 

49.66 

H 

5.641 

19.18 

4.430 

1507 

H 

19.14 

65.08 

15.03 

51.11 

he 

5-941 

20.20 

4.666 

15.86 

Me 

19.69 

66.95 

15.47 

52.58 

U 

6.250 

21.25 

4.909 

16.69 

H 

20.35 

68.85 

15.90 

54.07 

fi« 

6.566 

22.33 

5. 157 

17.53 

Me 

20.82 

70.78 

16.35 

55.59 

H 

6.891 

23.43 

5-412 

18  40 

H 

21.39 

72.73 

16.80 

57.12 

>M« 

7.223 

24  S6 

5. 673 

19.29 

»He 

21.97 

74.70 

1726 

58.67 

«i 

7.563 

25  71 

5.940 

20.20 

H 

22.56 

76.71 

17.72 

60.25 

»fi» 

7.910 

36.90 

6. 213 

21.12 

>Me 

23.16 

78.74 

18.19 

61.84 

5i 

8.266 

28.10 

6.492 

22.07 

U 

23  77 

80.81 

18.67 

63  46 

»Ma 

8.629 

2934 

6.777 

23  04 

»Me 

24.38 

82.89 

19.15 

65.  xo 

'  Adapted  from  the  19x9  Edition  of  the  Handbodc  of  the  Cambna  Steel  Gsmoany 
Jtstown,  P*m 
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Puts 


Weigliti  and  Arets  of  S^ttitfe  and  Romid  StMl  Ban  *  (CoBtmoed) 
Weights  are  for  steel,  at  489.6  lb  per  co  ft 


Thick- 

D 

0 

Thick- 

D 

0 

ness. 

Weight 

Weight 

ness, 

Weight 

Weight 

in 

Area, 

per 

Area, 

per 

in 

Area, 

per 

Area, 

per 

sqm 

foot, 

lb 

sq  in 

foot, 
lb 

sqin 

foot, 
lb 

sqin 

foot, 
lb 

5 

25.00 

85.00 

19.64 

66.76 

7 

49.00 

166.6 

38.49 

1309  ' 

He 

2S.63 

87.14 

30.13 

68.44 

M 

52.56 

178.7 

41.38 

140.4 

H 

a6.27 

8930 

20.63 

70.14 

W 

56.35 

191  3 

44.18 

ISP.2 

Me 

26.91 

9149 

21.14 

71.86 

H 

60.06 

204.2 

47.17 

I60.J 

H 

27.56 

93.72 

31.65 

73.60 

8 

64.00 

217.6 

SO.27 

171. 0 

«• 

28.22 

95.96 

22.17 

75.37 

H 

68.06 

231.4 

5346 

I&.l 

H 

28.89 

98.23 

22.69 

77.15 

\i 

73.35 

345.6 

56.75 

193.0 

Me 

29.57 

100. 5 

23.33 

78.95 

H 

76.56 

360.3 

60.13 

204-4 

H 

30.25 

103.8 

23.76 

80.77 

9 

8t.oo 

275.4 

63.62 

316.3 

Me 

30.94 

105.2 

34  30 

82.62 

M 

85.56 

390.9 

67.30 

238.5 

H 

31.64 

107.6 

34.85 

84.49 

M 

90.35 

306.8 

70.88 

241  C 

»Me 

32.35 

IIO.O 

35.41 

86.38 

H 

9506 

323  2 

74.66 

«3  9 

M 

33.06 

XI3.4 

25.97 

88.39 

to 

100. 0 

340.0 

78.54 

iSit.o 

»Me 

33.79 

114. 9 

26.54 

90.32 

W 

105. 1 

357.2 

83.52 

3fc6 

U 

34.52 

"74 

27.11 

92.17 

H 

110.3 

374.9 

86.59 

2944 

»Me 

35.25 

119.9 

37.63 

94.14 

M 

US. 6 

392.9 

90.76 

3086 

6 

36.00 

123.4 

38.37 

96.14 

11 

I3X.O 

411.4 

95.03 

3231 

H 

37.52 

127.6 

39.47 

100.3 

M 

136.6 

430.3 

99.40 

337.9 

H 

39  06 

132.8 

30.68 

104.3 

H 

132.3 

440.6 

103.9 

3S3I 

H 

40.64 

138.2 

31.92 

108.5 

H 

138. 1 

469. 4 

108.4 

36B.6 

H 

42.2s 

143.6 

33.18 

1 13. 8 

12 

144.0 

489.6 

113. 1 

3845 

H 

43  89 

149.2 

34.47 

117. 3 

*4 

45.56 

154.9 

35.79 

121.7 

56 

47.27 

160.8 

37.12 

126.3 

*  Adapted  from  the  19x9  Edition  of  the  Handbook  o£  the  Cambria  Steel  Compeaf, 
Johnstown,  Pa. 
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Weicfatt  in  Peonds  of  Flat  Rollod  Steel  Ban 

PER  LINEAR  TOOT 

One  cubic  foot  of  steel  weighs  489.6  lb 
For  thicknesses  from  Me  in  to  ^'ie  in  and  widtlis  from  H  in  to  H  in 


Width  of  bar.  inches 

Thickness, 

inches 

V4 

9is 

H 

Ms 

H 

Ws 

w 

»Me 

H 

H« 

0.053 

0.066 

0.080 

0.093 

0.106 

0.120 

O.X33 

0.146 

0.159 

944 

0.066 

0.083 

O.IOO 

0.116 

0.133 

0.149 

0.X66 

,o.xa3 

0.199 

?i3 

0.080 

O.IOO 

0.120 

0.139 

0.159 

O.X79 

0.199 

0.2x9 

0.239 

li* 

0.093 

0.1x6 

0.139 

0.163 

0.X86 

0.209 

0.23a 

0.256 

0.279 

H 

0.106 

0.133 

0.159 

0.186 

0.2X3 

0.239 

0.266 

0.292 

0.319 

?64 

0.130 

0.149 

0.179 

0.209 

0.239 

0.269 

0.299 

0.329 

0.359 

Ha 

0.133 

0.166 

0.199 

0.232 

0.266 

0.299 

0.332 

0.365 

0.398 

1^4 

O.X46 

0.X83 

0.219 

0.256 

0.292 

0.329 

0.365 

0.402 

0.438 

9i« 

0.IS9 

0.199 

0.239 

0.279 

0.319 

0.359 

0.398 

0.438 

0.478 

m* 

0.173 

0.216 

0.259 

0.302 

0.345 

0.388 

0.432 

0.475 

0.518 

^ 

0.186 

0.232 

0.279 

0.325 

0.372 

0.418 

0.465 

0.5IX 

0.558 

1^4 

0.199 

0.249 

0.299 

0.349 

0.398 

0.44S 

0.498 

0.548 

0.598 

M 

0.213 

0.266 

0.319 

0.372 

0.425 

0.478 

0.531 

0.584 

0.638 

m* 

0.226 

0.282 

0.339 

0.39s 

0.453 

0.508 

0.564 

0.631 

0.677 

942 

0.239 

0.299 

0.359 

0.418 

0.478 

0.538 

0.598 

0.657 

0.717 

'Hi 

0.252 

0.31S 

0.379 

0.44a 

O.SO5 

0.568 

0.63X 

0.694 

0.757 

Me 

0.266 

0.332 

0.398 

0.465 

0.S3I 

0.598 

0.664 

0.730 

0,797 

«^4 

0.279 

0.349 

0.418 

0.488 

0.558 

0.628 

0.697 

0.767 

0.827 

M-62 

0.292 

0.365 

0.438 

0.51X 

0.584 

0.657 

0.730 

0.804 

0.877 

»H* 

0.30s 

0.382 

0.458 

0.S3S 

0.611 

0.687 

0.764 

0.840 

0.9x6 

H 

0.319 

0.398 

0.478 

0.558 

0.638 

0.717 

0.797 

0.877 

0.956 

*H* 

0.332 

0.41S 

0.498 

0.S81 

0.664 

0.747 

0.830 

0.913 

0.996 

'Hi 

0  345 

0.4.32 

0.518 

0.604 

0.691 

0.777 

0.863 

0.950 

X.04 

»?64 

0.359 

0.448 

0.538 

0.628 

0.717 

0.807 

0.896 

0.986 

1.08 

TU 

0.372 

0.46s 

0.558 

0.651 

0.744 

0.837 

0.930 

Z.02 

X.X2 

•«64 

0.38.'; 

0.481 

0.578 

0.674 

0.770 

0.867 

0.963 

X.06 

x.x6 

I5^J2 

0.398 

0.498 

0.598 

0.697 

0.797 

0.896 

0.996 

X.IO 

1.20 

»H4 

0.412 

0.51S 

0.618 

0.721 

0.823 

0.926 

1.03 

1x3 

1.24 

H 

0.425 

0.531 

0.638 

0.744 

0.850 

0.956 

1.06 

X.17 

X.28 

^H4 

0.438 

0..S48 

0.657 

0.767 

0.877 

0.986 

I.XO 

1. 21 

X.3I 

^•Aa 

0.452 

0.564 

0.677 

0.790 

0.903 

1.03 

1. 13 

1.24 

1.35 

»^i4 

0.465 

0.581 

0.697 

0.813 

0.930 

x.os 

Z.I6 

T.28 

1.39 

?i« 

0.478 

0.598 

0.717 

0.837 

0.956 

x.oS 

X.20 

I.3X 

1.43 
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Weishls  ia  Pounds  of  Flat  RoOod  Stool  Bon  (Co^tiniiod) 

FEB.  LtNEAR   FOOT 

For  thickxMsses  from  H«  to  a  in  and  widtbo  Irooii  x  to  3  in 


Width  olbtf.  inches 

Thickness, 

inches 

I 

iW 

iH 

iH 

3 

2W 

2\h 

39* 

3 

He 

0.21 

o.a6 

0.3a 

0.37 

0.43 

0.48 

0-53 

os8 

C.63 

•      H 

C.42 

0.53 

0.64 

0.75 

0.85 

0.96 

1.06 

X.17 

1.28 

^U 

0.63 

0.79 

0  96 

1. 11 

1.28 

1.44 

1-59 

I  75 

1.91 

H 

0.85 

1.06 

1.28 

1  49 

X.70 

X.91 

3.13 

2.34 

255 

^» 

I  c6 

I  33 

1. 59 

1.86 

3.12 

2.39 

3.65 

3.93 

319 

H 

1.28 

I  59 

1.92 

2.23 

2.55 

3.87 

3-19 

3  51 

383 

ru 

1.49 

1.86 

2.23 

2.60 

3.98 

3  35 

3.72 

4  09 

44* 

\*i 

1.70 

2.12 

2.55 

2.98 

340 

3- 83 

4.2s 

4-67 

5- 10 

9i« 

X.92 

2  39 

2.87 

335 

3  83 

430 

4  78 

526 

5  74 

H 

2.12 

2.6s 

3  19 

3  72 

4  25 

478 

5  31 

S-84 

638 

»M6 

2.34 

2.92 

3  51 

4  09 

4.67 

5. 26 

S.84 

6-43 

ISA 

94 

2.55 

3.19 

383 

4-47 

5  10 

5. 75 

6.38 

7.Q2 

7.fc 

»M« 

2.76 

3  45 

4.14 

484 

5  53 

6.21 

6.90 

7.60 

8.29 

^/i 

2.98 

3.72 

4-47 

5.30 

5. 95 

6.69 

7.44 

8  x8 

893 

»M« 

3.19 

399 

4.78 

5.58 

6.38 

7.18 

7.97 

877 

957 

I 

3.40 

4  25 

S.io 

5  95 

6.80 

7  65 

8.50 

935 

10.20 

iH« 

3.61 

4  52 

5-42 

6.32 

7. 23 

8.13 

9.03 

9  93 

10  84 

iH 

3-83 

4.78 

5. 74 

6.70 

765 

8.61 

9.57 

xo-53 

III! 

i^U 

4  04 

S  OS 

6.06 

7.07 

8.08 

9.09 

XO.IO 

II.  II 

12.12 

i>4 

4-25 

5  31 

6.38 

7.44 

8.50 

9-57 

10.63 

IX. 69 

12.75 

iM« 

446 

S.58 

6.69 

7.81 

8.93 

X0.04 

XX.  16 

13.37 

13-S 

iH 

4  67 

5.84 

7.03 

8.X8 

935 

10. $2 

XX. 69 

12.85 

14.C3 

iM« 

4  89 

6. II 

7.34 

8.56 

9.78 

XI. 00 

12.23 

13-44 

U66 

iH 

5.10 

6.38 

7.6s 

8.93 

10.20 

11.48 

12-75 

14.03 

15  1= 

I9i6 

s  32 

6  64 

7.97 

9  30 

10.63 

11.95 

13-38 

X4  61 

1594 

iH 

5  52 

6.90 

8.29 

9  67 

XI.  05 

12.43 

13. 81 

15  19 

16^ 

i»Hfl 

S-74 

7.17 

8.61 

10.04 

XX.  47 

13. 91 

14  34 

IS  78 

n  n 

1^4 

5  95 

7-44 

8.93 

10. 42 

H.90 

13.40 

14.88 

16.37 

17  as 

I»M6 

6.16 

7.70 

9-24 

10.79 

12.33 

1386 

15  40 

16.95 

18.49 

1T6 

6.38 

7.97 

9  57 

XI.  15 

12.75 

1434 

15  94 

17.53 

19  u 

i^Mb 

6.59 

8.24 

9-88 

XI -53 

X3  18 

1483 

16.47 

X8.I3 

1977 

3 

6.8c 

8.50 

10.20 

XI. 90 

13.60 

IS  30 

17. 00 

18.70 

304c 

1 
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WtfgMs  in  Vwaia  of  fM  Rolled  Steel  Ban  (Cootiiided) 

VEk  LIREAK  TOOT 

For  thicknesses  from  H«  to  2  in  and  widths  from  ^H  to  7H  In 


Width  of  bar.  inches 

Thickness, 
inches 

3H 

4 

4W 

5 

5W 

6 

m 

7 

l\i 

M« 

0.7s 

0.85 

0.96 

Z.06 

1.17 

1.38 

1 39 

I  49 

X.60 

W 

1.49 

1.70 

1.92 

2. 13 

2  34 

2.55 

3.77 

3.98 

3.19 

Me 

2.23 

2.55 

2.87 

3  19 

3.51 

3.83 

414 

4.46 

4-78 

H 

2.98 

3.40 

3.83 

4.25 

4.67 

5.10 

5  S3 

595 

6.36 

Me 

372 

4.35 

4.78 

5.31 

584 

6.38 

6.90 

7.44 

7.97 

H 

4.47 

5.10 

5.74 

6.38 

7.02 

7.65 

8.29 

8.93 

9  57 

T<« 

5.20 

5.9s 

6.70 

7-44 

8.18 

8.93 

9.67 

X0.4X 

XI.  x6 

H 

5-95 

6.80 

7.65 

8.50 

9.35 

X0.30 

11.05 

IX. 90 

X2.75 

f<6 

6.70 

7.65 

8.61 

9-57 

10.53 

XI. 48 

13.43 

13. 39 

14-34 

W 

7.44 

8.S0 

9.57 

X0.63 

XI. 69 

X3.75 

13.81 

X4.87 

15.94 

»Hs 

8.18 

9.35 

10.53 

XI. 69 

X3.85 

X4.03 

15.30 

X6.36 

X7.53 

H 

8.93 

10.20 

XX. 48 

X2.75 

X4.03 

15.30 

X6.58 

X7.85 

X9.X3 

»Ms 

967 

11.05 

12.43 

13- 8x 

15. 19 

X6.S8 

17.95 

19.34 

20.72 

Ti 

Z0.41 

11.90 

1339 

14.87 

16.36 

17  85 

19.34 

30.83 

33.32 

«Ms 

ir.i6 

12.75 

14.34 

15-94 

17.53 

X9.13 

30.73 

32.32 

33.91 

I 

IX.90 

13.60 

15.30 

17.00 

18.70 

30.40 

33.  XO 

33-80 

35.50 

xMo 

12.65 

14. 45 

16.96 

18.06 

19.87 

31.68 

33  48 

85-39 

37. 10 

iH 

1339 

15.30 

17. 22 

1913 

31.04 

22.95 

24.87 

36.78 

38.68 

iM« 

14.13 

16.15 

X8.I7 

30.19 

33.31 

24  23 

26.24 

38.26 

30.38 

iH 

14.87 

17.00 

19- 13 

31.35 

3338 

3550 

37.63 

a9.7S 

3X.88 

zMe 

15.62 

17.85 

3O.OS 

33.33 

34.54 

36.78 

39.01 

3x23 

3348 

iH 

16.36 

18.70 

21.04 

a3.38 

35.71 

38.05 

30.39 

32.72 

35  06 

l^S 

17.10 

1985 

21.99 

24.44 

36.88 

39.33 

31. 77 

34.21 

36.66 

iH 

17.8s 

20.40 

22.95 

35.50 

38.05 

30.60 

33.15 

35.70 

38.36 

iW« 

18.60 

21.25 

33  91 

36.57 

39.33 

31.88 

3453 

37.19 

3984 

iH 

19.34 

22.10 

24.87 

37.63 

30.39 

33.15 

3591 

38.67 

41-44 

i^Me 

20.08 

22.95 

25.82 

38.69 

31  55 

34.43 

37.30 

40.16 

4303 

194 

20.83 

2380 

26.78 

2975 

33.73 

35.70 

38.68 

41.65 

44  63 

i»Me 

21.57 

24.65 

27.73 

30. 8x 

33.89 

36.98 

40.05 

43  14 

46.22 

1% 

22. 31 

25  SO 

28.69 

31  87 

35.06 

38.35 

41. 44 

44.63 

47-82 

i»5i« 

23.06 

26.35 

29  64 

32.94 

36-23 

39  53 

43.83 

46.12 

49  4X 

3 

33.80 

27.20 

30.60 

34  00 

37.40 

40.80 

44.30 

47.60 

51.00 
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Fart  3 


Woi|^  m  Pouinls  of  Flat  Rolled  Steel  Ben  (Coiitiiia«D 

PER  LINEAR  FOOT 

For  thicknesses  from  Hs  to  a  in  and  widtJas  from  8  to  xa  in 


Width  of  bar. 

inches 

Thiclcness. 
inches 

8 

8W 

9 

9H 

10 

loW 

II 

iiH 

12 

Me 

1.70 

1.81 

1.91 

3.02 

3.13 

3.33 

2.34 

3.45 

2.55 

H 

3.40 

3.61 

3.82 

4.04 

4.25 

4.46 

4.68 

4.89 

5.10 

Me 

5.10 

5-42 

5.74 

6.06 

6.3S 

6.70 

7.C2 

7.32 

7-65 

H 

6.80 

7.32 

7.65 

8.08 

8.50 

8.92 

9.34 

9.78 

XO.20 

Me 

8.50 

9.03 

9.56 

10.10 

10.62 

11.16 

11.68 

12.22 

12. 75 

H 

10.20 

10.84 

11.48 

12.12 

12.75 

13.39 

14.03 

14.68 

15.30 

Me 

XI. 90 

12.64 

13.40 

14.14 

14-88 

15.62 

16.36 

17.12 

17.8$ 

H 

13.60 

14.44 

15.30 

16.16 

17.00 

17.85 

18.70 

19.SS 

30.40 

Me 

IS. 30 

16.26 

17.22 

X8.1S 

19.14 

20.0S 

21.02 

22.00 

»-0J 

H 

17.00 

18.06 

19.13 

20.19 

31.35 

22.32 

23.38 

24-44 

25-50 

»Me 

18.70 

19.86 

31.04 

22.21 

23.38 

24. 5A 

25.70 

36.88 

28.05 

M 

30.40 

21.68 

22.96 

24.33 

25.50 

26.78 

28.05 

29.33 

30.60 

iMe 

22.10 

23.48 

34.86 

26.34 

37.63 

39.00 

30^0 

31.76 

33.1s 

li 

23.80 

25.30 

26.78 

28.36 

29. 75 

31.34 

32.72 

34  31 

35  70 

iMe 

25.50 

27. 10 

28.69 

30.38 

31.83 

33.48 

35.06 

36.66 

38.25 

I 

27.20 

28.90 

30.60 

32.30 

34.00 

35.70 

37.40 

39.10 

40.8c 

iHe 

28.90 

30.70 

32.53 

34.32 

36.13 

37.92 

39. 74 

41  54 

43.3s 

xH 

30.60 

32.52 

34  43 

36.34 

33.85 

40.17 

42. oS 

44.00 

45  90 

iMe 

32.30 

34-32 

36.34 

38.36 

4038 

42.40 

44  42 

46  44 

48.45 

xM 

34.00 

36.12 

38.26 

40.37 

42.50 

44.63 

46.76 

48  88 

51. oc 

iMe 

35-70 

37.93 

40.16 

42.40 

4464 

46.86 

49.08 

51.32 

S3  55 

iH 

37.40 

39.74 

42-.  oS 

44.41 

46.75 

49.08 

51.42 

5376 

56. 10 

JlU 

39  10 

41.54 

44.00 

46.44 

48.88 

51.32 

53  76 

56.21 

58  6s 

iH 

40.80 

43.35 

45.90 

48.45 

51.00 

53.55 

56.  XO 

58  6s 

61.20 

iMe 

42.50 

AS.i6- 

47  83 

SO.48 

53.14 

55.78 

58.42 

61  10 

637s 

iH 

44.20 

46.96 

49.73 

52.49 

55.25 

58.02 

60  78 

63  54 

6630 

i»He 

45.90 

48.76 

51.64 

54.51 

57. 38 

60.24 

63.10 

6598 

6885 

iH 

47.60 

50.58 

5356 

56.53 

59.50 

62. 48 

65  45 

68.43 

71 -4C 

VMo 

4930 

52.38 

55.46 

58.54 

61.63 

64.70 

67.80 

70.86 

73  95 

m 

51.00 

54.20 

57.38 

60.56 

63-75 

66.94 

70.12 

73  31 

7650 

i»Me 

52.70 

56  00 

59-29 

63.58 

65.88 

69.18 

72.46 

75  76 

790s 

2 

54.40 

57.80 

61.20 

64.60 

68.00 

71.40 

74.80 

78.20 

8X.60 

■i 

Estlmadng  Weights  of  Metals  1521 

RtiteB  for  Bttliiuitiiis  fhe  Weight  of  any  Floee  of  Wfoni^ 

Iron,  Steel  or  Cast  Iron 

Wrought  Iron. 

One  cubic  foot  of  wrought  iron  weighs 480  lb 

One  square  foot,  one  inch  thick,  weighs 40  lb 

One  square  iuch,  one  foot  long,  weighs 3>i  lb 

To  find  the  weight  per  square  foot  of  sheet  iron,  multiply  the  thickness  in 
inches  by  40. 

To  find  the  weight  per  linear  foot  of  bars  of  any  section,  multiply  the  cross- 
sectional  area  in  square  inches  by  3^. 

Steel. 

One  cubic  foot  of  steel  weighs 489.6  lb 

(Or  just  2%  more  than  wrought  iron.) 

One  square  foot,  one  inch  thick,  weighs 40.8  lb 

One  square  inch,  one  foot  long,  weighs 3>4  lb 

To  find  the  weight  per  linear  foot,  of  bars  of  any  section,  multiply  the  cross- 
sectional  area  in  square  inches  by  3.4;  or,  if  the  weight  is  known,  the  exact  sec- 
tional area  may  be  obtained  by  dividing  by  3.4. 

Cast  Iron. 

One  cubic  foot  of  cast  iron  weighs 450  lb 

One  square  foot,  one  inch  thick,  weighs 37Vi  lb 

One  square  inch,  one  foot  long,  weighs 3)^  lb 

One  cubic  inch  weighs 0.26  lb 

The  weight  of  irregular  castings  must  be  estimated  by  the  cubic  inch. 

Rules  for  Weights  of  Castings 

Multiply  the  weight  of  the  pattern  by  18  for  cast  iron,  13  for  brass,  19  for  lead, 
12.2  for  tin,  1 1.4  for  zinc;  the  product  is  the  weight  of  the  casting. 

Reduction  for  Round  Cores  and  Core-Prints 

Role.  Multiply  the  square  of  the  diameter  by  the  length  of  the  core  in  inches, 
and  the  product  multiplied  by  0.017  is  the  weight  of  the  pine  core  to  be  deducted 
from  the  weight  of  the  pattern. 

Shrinkage  in  Castings 


Pattern-makers'  Rule 


Cast  iron..  H 

Brass M0 

Lead H 

Tin M2 

Zinc M« 


'  of  an  inch  longer  per  linear  foot 
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Metal-DaU 

Put  a 

Weti^i*  of  8«nre  CM6>IftMi  C^danu  in  Ftaate  ptt  Urn 

mt  Vtoot« 

b 
2a-^2b 

t 

Thickness  of  metal,  inches 

Hin, 

Hin, 

H  in. 

X  in. 

iH  in. 

iMin. 

iHin. 

i^in. 

2  in. 

lb 

lb 

lb 

lb 

lb 

lb 

lb 

lb 

lb 

12 

i8.6 

21. 1 

23.3 

25.0 

26.4 

27.3 

28.1 

14 

22.5 

25.8 

28.7 

31.3 

33-4 

35.1 

37.S 

i6 

26.4 

30.S 

34  2 

37  5 

40.4 

43.0 

46.9 

49  2 

5D.C 

i8 

30.3 

35.2 

39. 7 

43.8 

47-4 

50.8 

56.3 

60.2 

62.5 

20 

34.2 

39.8 

45.1 

50.0 

54.5 

S8.6 

65.6 

71.1 

75-0 

22 

38.1 

44-5 

50.6 

56.3 

61  s 

66.4 

75.0 

82.0 

87-5 

24 

42.0 

49-2 

56-1 

62.5 

68.5 

74.2 

844 

93.0 

100. 0 

26 

45-9 

53.9 

61.5 

68.8 

75  6 

82.0 

93.8 

103  9 

112  5 

28 

49-8 

58.6 

67.0 

75.0 

82  6 

89.8 

103.1 

114.8 

125  0 

30 

53  7 

633 

72. 5 

81.3 

89.6 

97.7 

112.5 

125.8 

137.5  i 

t 

32 

57-6 

68.0 

77-9 

87.5 

96.7 

105. 5 

121.9 

136.7 

1 
150.0 

34 

61. 5 

72.7 

83.4 

93.8 

103.7 

1133 

131.3 

147.7 

162.5 

36 

6S.4 

77-3 

88.9 

100.0 

110.7 

121.1 

140.6 

158.6 

I7S.0  : 

38 

69.3 

82.0 

94-3 

106.3 

117.8 

128.9 

150.0 

169.S 

187.5 

40 

73.2 

86.7 

99.8 

112.5 

124.8 

136.7 

159-4 

180.5 

200.0 

43 

77.1 

91.4 

105.3 

I18.8 

131.8 

144-5 

168.8 

191.4 

212.5 

44 

81.0 

96.1 

110.8 

125-0 

138.8 

152.3 

178.1 

202.3 

225.0 

46 

84  9 

100.8 

116.2 

131.3 

145  9 

160.2 

187.5 

213.3 

2375 

48 

83. 8 

105. 5 

121.7 

137. 5 

152.9 

168.0 

196.9 

224.2 

250.0 

50 

92.8 

110.2 

127.2 

143.8 

»599 

175.8 

206.3 

235-2 

262s 

52 

96.7 

114.6 

132.6 

150.0 

167.0 

183.6 

215.6 

246.1 

275-0 

54 

100.6 

119. 5 

138.1 

156.3 

174  0 

191.4 

225.0 

257 -0 

287.5 

56 

1045 

124.2 

143.6 

162. 5 

X81.0 

1992 

234.4 

a6B.o 

300.0  ' 

58 

108.4 

133.9 

149.0 

168.8 

188.1 

207.0 

243.8 

278.9 

312.S 

6o 

112. 3 

133.6 

154.5 

175.0 

195. 1 

214.9 

253.2 

289.8 

325.0 

62 

116. 2 

X38.3 

x6o.o 

181.3 

202.1 

222.7 

262.5 

300.8 

3375 

64 

120  I 

143.0 

165.4 

187  5 

209.2 

230.5 

271.9 

3U.7 

350.0 

66 

124.0 

147.7 

170.9 

193.8 

216.2 

238.3 

281.3 

322.7 

362.5 

68 

127.9 

152.3 

176.4 

200.0 

223.2 

246.1 

290.6 

Xn6 

37SO 

70 

131.8 

157.0 

181.8 

206.3 

230.3 

253-9 

300.0 

344  5 

3S7-S 

72 

135. 7 

161.7 

187.3 

212.5 

237.3 

261.7 

3094 

355. 5 

400.0 

74 

139  6 

166.4 

192.8 

218.8 

244-3 

269.5 

318.8 

366.4      412.5 

76 

143  5 

171. 1 

198.3 

225.0 

251.3 

277.3 

328.1 

377.3  '  425.0 

78 

147.4 

175  8 

203.7 

231.3 

258.4 

285.2 

337. 5 

388-3  1  437-5  * 

8o 

ISI.3 

180.5 

207.2 

237.5 

265.4 

293.0 

346-9 

399.2      450.0 

•  Birkmire. 

t  a  and  b  = 

either  s 

ide,  outs 

kide  mea 

suremen 

it.     2  a  - 

f  26-] 

[lumber. 

Allowi 

ince  has 

been  made  in  this  table  for  comers  counted  twice. 

Example.     What  is  the  weight  per  linear  foot  of  a  12  by  16  by  i  in  thick 
column? 

Solntion.     2a+26=24+32-56.     Opposite  this  number,  under  i -in-thick 
metal,  we  find  162.5,  or  weight  per  linear  foot  of  a  column  12  by  16  by  i -in-thick. 

If  ote.    For  flanges,  brackets,  etc.,  calculate  the  cubical  contents  of  same  and 
multiply  by  0.26;  cast  iron  averages  450  lb  per  cu  ft. 


Weights  of  Casfrlnm  Columns 


152S 


Wot^ts  par  LBmHr 

FoM  of  ^tofaim  OM^^ran  Celnnixu  *t 

Thickness  of  metal,  inches 

Ontside 

inches 

Hin. 

H'ln. 

5Un. 

M  in. 

I  in. 

iM  in. 

iM\n. 

iHin, 

lb 

lb 

lb 

lb 

lb 

lb 

lb 

lb 

3 

13.3 

14.6 

X6.60 

18.30 

19.6 

4 

17.2 

31.0 

2400 

27.00 

29.S 

32.1 

33.8 

35-4 

S 

22.1 

27.0 

31.30 

35. 50 

39.3 

43.0 

46.0 

49.0 

6 

37.0 

33.0 

39.00 

44.00 

49.1 

54.1 

58. 3 

62.4 

7 

33.0 

39.1 

46.00 

S3.00 

590 

6S-i 

70.6 

76.1 

8 

36.8 

45-3 

53.40 

61.30 

69.1 

76.1 

83.1 

89.5 

9 

41. 7 

51.4 

61.10 

70.00 

78.6 

87.1 

95.1 

IQ3.1 

to 

46.6 

57.5 

68.13 

78.41 

88.4 

98.0 

107.4 

116.4 

XX 

ST.6 

64.0 

75  SO 

87.10 

9«.2 

109.  X 

I30.1 

130.  X 

13 

56.5 

70.0 

82.87 

96.10 

108.0 

120.0 

132. 1 

143.S 

13 

61.4 

76.0 

90.33 

104.20 

118. 1 

131. 2 

144.2 

157.1 

14 

66.3 

82.1 

9760 

113.20 

138.  X 

142.0 

IS6.S 

170.4 

IS 

71.3 

88.3 

104.96 

121.40 

137.  s 

153  3 

169  4 

184. 1 

l6 

76.1 

94.4 

112.33 

130.10 

147.3 

164.3 

181.0 

197.4 

X7 

8x.o 

100. 5 

120.10 

139.10 

157- 1 

175. 4 

193  3 

211.0 

I8 

86.0 

107.0 

127.00 

147.00 

167.0 

X86.4 

206.0 

224.4 

19 

91.0 

113.0 

134.40 

156.00 

177-1 

197.5 

2x8.1 

238.0 

30 

96.0 

119.0 

142.10 

164.30 

186.6 

308.8 

230.x 

251  5 

21 

X00.6 

125.0 

149.10 

173.10 

196.6 

319.6 

242.4 

265.0 

n 

10S.6 

131.3 

156.50 

181. SO 

ao6.3 

230.6 

2S5  0 

279.0 

23 

iio.s 

137.3 

164.10 

190.10 

3X6.  X 

243.0 

267.0 

292.0 

24 

IIS. 4 

143.5 

171.20 

19900 

326.0 

2S3.0 

279-2 

30s. 4 

Thick 

nessofm 

etal,  Incl 

les 

Outside 

diameter, 
inches 

IH  in. 

xH  in. 

i^i  in. 

i7i  in. 

2  in. 

2Hin, 

2M  in. 

2H  in, 

lb 

lb 

lb 

lb 

lb 

lb 

lb 

lb 

3 
4 
5 

51.54 

54  I 

SS.84 

57.5 

6 

66.30 

69.9 

73.03 

76.0 

78.6 

80.84 

82.83 

•  •«••> 

7 

81.00 

856 

90.20 

94.3 

98.3 

lot.  70 

105.00 

107.84 

8 

95.80 

101.8 

107.40 

112.8 

117. 8 

132.60 

127.00 

131 .30 

9 

110.50 

117.7 

124.60 

131.3 

137  5 

143.40 

149.10 

154.50 

xo 

125.30 

133.7 

142. CO 

149.6 

157  I 

164.30 

171.20 

177.80 

II 

X40.00 

149  6 

159  00 

168.0 

176.8 

185.20 

193  30 

201.10 

13 

154.70 

165.6 

176.00 

186.4 

196.4 

206.00 

215  40 

224.40 

13 

169.40 

181.5 

193.30 

304.8 

216.0 

236.90 

337.50 

247.70 

14 

X84.IO 

197.4 

210.50 

323.2 

235.7 

247.70 

859  60 

271.10 

IS 

198.90 

213.4 

227.70 

341.6 

355  3 

268.20 

281.70 

294.40 

l6 

313.50 

229.4 

244.90 

360.0 

374.9 

289.50 

303.70 

317.70 

17 

338.30 

245.3 

262.00 

378.4 

394  s 

3TO.30 

325.80 

341  00 

i8 

343.00 

261.3 

279  20 

296.8 

314  2 

331.20 

348.00 

364.30 

19 

357.70 

277.2 

296.40 

315.3 

338.8 

352.10 

370.00 

387.70 

ao 

373.50 

293.2 

313.60 

333  6 

353  4 

372.90 

392.10 

411.00 

31 

387.20 

309.0 

330-80 

352.1 

373  I 

393.80 

414.20 

434.30 

23 

302.00 

325.1 

348.00 

370.  s 

393.0 

414.60 

436.30 

457.60 

23 

316.70 

341.0 

365.10 

388.9 

412-3 

435. SO 

458.40 

481.00 

24 

331.40 

3S7.0 

382.30 

407.3 

432.0 

456.40 

480.50 

504.20 

*  Birkmire. 

t  The  uble  is  arranged  for  the  weight  of  plain  shaft.    For  brackets,  flanges, 
dilate  the  cubical  contents  and  multiply  by  0.26. 


etc., 
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Metal-Data 


Put3 


W«i|^t  ol  CMt'Iroa  Ptetoi 

Weights,  in  Pounds,  of  Cast-iron  Pistes  One  Inch  Thick 

Calculated  at  450  lb  per  cu  ft 


Width,  inches 

Length, 
inches 

6  in. 

8  m. 

xoin. 

12  in. 

14  in. 

16  in. 

'x8  in, 

20  in. 

24in« 

join. 

lb 

lb 

lb 

lb 

lb 

lb 

lb 

lb 

lb 

lb 

4 

6.25 

8.3 

10.4 

12.5 

14.6 

16.6 

X8.7 

ao.8 

25 

1 
31 

6 

9.37 

12. 5 

15-6 

18.7 

21.8 

25.0 

28.1 

31.2 

3» 

47 

8 

12. 50 

16.6 

20.8 

25-0 

29.1 

33-3 

37.4 

41.6 

50 

62 

10 

IS. 60 

20.8 

26.0 

31.2 

36.4 

41.6 

46.8 

53.0 

63 

7« 

13 

18.70 

25.0 

31.2 

37.5 

43-7 

49-9 

56.2 

63.4 

75 

94 

14 

21. 80 

29.2 

36.4 

43  7 

51.0 

5S.2 

65. 5 

7^.8 

88 

109 

x6 

24.90 

33  3 

41.6 

50.0 

53.2 

06.6 

74.9 

83.2 

100 

125 

x8 

28. 10 

37. 5 

46.8 

56.2 

65.5 

74.9 

84.2 

93.6 

X13 

140 

20 

31.20 

41.6 

52.0 

62.3 

72.8 

83.2 

93  6 

104.0 

125 

15« 

23 

34.30 

45.8 

57.2 

68.6 

80.1 

91.5 

XO3.0 

XX4.4 

138 

172 

34 

37.50 

50.0 

62.4 

75.0 

87.4 

99-8 

X12.3 

X24.8 

150 

187 

26 

40.60 

54.0 

67.6 

81.2 

94.6 

108.2 

12X.7 

135.2 

163 

303 

28 

43.60 

S8.2 

72.8 

87.5 

101.9 

116. 5 

131  0 

145 .6 

175 

218 

30 

46.80 

62.4 

78.0 

93.7 

Z09.2 

124.8 

140. 4 

156.0 

xS8 

234 

32 

49.80 

66.6 

83.2 

100.0 

116. 5 

133  I 

150.3 

166.4 

200 

250 

36 

s6.io 

75-0 

93.6 

112. 5 

131  0 

150.0 

168.4 

187.2 

225 

2R1 

For  larger  plates  take  size  of  plate  one-half  smaller  and  multiply  by  2.  Thas 
a  plate  28  by  33  in  will  weigh  twice  as  much  as  one  14  by  32  in.  For  plates  more 
or  less  than  one  inch  in  thickness  multiply  weight  of  plate  by  thickness  in  inches. 


Approximate  Weights  of  Square-Ribbed  Cast-iron  Ci^umn-Basaa 

The  following  table,  giving  the  weight  of  cast-iron  column-bases,  will  be  useful 
when  estimating  the  steel  and  iron  in  tall  buildings.* 


Size  of 

1 
1 

Size  of 

square 

Weight, 

square 

Weight. 

base. 

lb 

base. 

lb 

m 

in 

22X22 

600 

32X32 

1340 

24X24 

750 

1      34X34 

1450 

26X26 

880 

36X36 

I  600 

28X28 

I  020 

38X38 

1720 

30X30 

1 

I  180 

40X40 

1850 

*  H.  G.  TyrnXL,  in  Architects  and  Builders  Magazine,  January,  1903. 


Screw-Threads^  Nuts  and  Bolt-Heads 
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Serew*Thread8,  N«ts,  and  Bolt-H«ada 
Stendard  Screw-Threads 

Recommended  by  Franklin  Institute.  December  15,  1864,  and  adopted  by  Navy  De- 
partment of  the  United  Sutes;  by  the  R.  R.  Master  Mechanics'  and  Master  Car-Builders' 
Associations;  by  Jones  &  Laughlin  Steel  Company;  and  by  many  other  <k  the  promi* 
sent  engineering  and  mechanical  estabUahmenta  of  the  oountiy. 


Angle  of  thread  60*.    Flat  at  top  and  bottom  Vi  of  pitch. 


Diatn 

Diam  at 

Area  at 

1 
Diam 

Threads 

Diam  at 

Area  at 

of 

Threads 

root  of 

root  of 

of 

root  of 

root  of 

screw. 

per  inch 

thread, 

• 

thread. 

screw, 

• 

per 
inch 

thread, 

■ 

thread, 

xn 

in 

sqin 

1 

in 

m 

sq  in 

y* 

ao 

0.X85 

0.027 

2 

4\i 

1.7x2 

2.302 

Me 

18 

0.240 

0.045 

aVi 

4Vi 

1.962 

3.023 

H 

x6 

0.294 

0.063 

2W 

4 

2.176 

3.719 

He 

14 

0.344 

0.093 

a44 

4. 

2,426 

4.620 

H 

13 

0.400 

0.126 

3 

3H 

2  629 

5  428 

Me 

13 

0.454 

o.i6a 

3W 

3'-1J 

2.879 

6.510 

H 

XX 

0.507 

o.ao2 

3V6 

3H 

3.100 

7.548 

H 

10 

0.620 

o.joa 

3^i 

3 

3  317 

8.641 

H 

9 

0.731 

0.420 

4 

3 

3  567 

9963 

X 

8 

0.837 

0.550 

4^4 

2li 

3  798 

11-329 

iH 

7 

0.940 

0.694 

4V4 

2% 

4.026 

12.753 

iW 

7 

1.06s 

0.893 

4?4 

2H 

4  256 

14.226 

iH 

6 

1.160 

1.057 

5 

2\k 

4.480 

15  763 

iH 

6 

1.284 

1.295 

5U 

2H 

4  730 

17-572 

i9i 

5U 

1.389 

1. 515 

5V^ 

2H 

4.953 

19.267 

iH 

5 

1. 491 

1.746 

sr* 

2H 

5. 203 

21.26a 

iH 

5 

I  616 

2.051 

.  6 

2H 

5.423 

23.098 

If  uts  and  Bolt-Heads  are  determined  by  the  following  rules,  which  apply  to  both 
quare  and  hexagon  nuts: 

Short  diameter  of  rough  nut  *  iH  X  diam  of  bolt  +  H  in* 

Short  diameur  of  finished  nut  -■  z^  X  diam  of  bolt  +  He  in. 

Thickness  of  rough  nut  «  diam  of  bolt. 

Thickness  of  finished  nut  "  diam  of  bolt  —  He  fai. 

Short  diameter  of  rough  head  —  iH  X  diam  of  bolt  +  H  in- 
Short  diameter  of  finished  bead  «*  iH  X  diam  ol  bolt  +  Vie  in. 

Tliickness  of  rough  head  *  V^  short  diam  of  head. 

Thickness  of  finished  head  ■>  diam  of  bolt  —  He  in. 

The  long  diameter  of  a  hexagon  nut  may  be  determined  by  multiplying  the  short  di- 
meter by  1.155,  ftiid  the  long  diameter  of  a  square  nut  by  multiplying  the  short  diam- 
'XX  by  x^4- 
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Paita 


Thirk- 

Thick- 

Thick. 

Short 

Short 

Long 

Long 

tMSft 

n^as^ 

Diam 
of 

diam, 
rough 

diam, 
finished 

diam, 

rough 

diam, 
rough 

rough. 
Nut 

finished. 
Both 

Head 

bolt 

8 

@ 

^ 

^ 

W 

tj' 

M 

H 

Me 

«%4 

Ho 

M 

Me 

H 

Mei 

iHa 

»%3 

»He 

»^i 

Me 

H 

»9»4 

H 

»Hfl 

H 

6H4 

•^ 

H 

Me 

»Vfe 

M« 

«Hj 

•^2 

Mo 

1H4 

Me 

H 

«Hi 

^ 

7/i 

»M6 

X 

I'H4 

H 

M» 

?ie 

9<6 

•Ha 

»9ia 

iV< 

I«H4 

f4e 

H 

*^« 

H 

iMe 

I 

iHa 

xH 

H 

Me 

»>it 

^4 

iW 

iM» 

iMe 

I*H4 

W 

»V1s 

H 

H 

zM« 

iH 

i«H» 

2^ 

H 

»Me 

sMi 

z 

iH 

i9i« 

xH 

aiH4 

X 

»«• 

»Me 

iVi 

i»M« 

i5i 

aHs 

aM« 

iH 

xH« 

SHi 

iH 

a 

I>M6 

aMe 

a4H4 

m 

zMe 

I 

iH 

aMa 

aU 

3»^ 

3H2 

iH 

zMe 

iMa 

iH 

aH 

aMe 

a?4 

^H* 

zH 

iM» 

X«4 

iH 

aMe 

a>/i 

a^Via 

3H 

zH 

z^« 

zHi 

x^ 

aH 

a»M« 

3^6 

3»?^ 

zH 

z«Me 

xH 

m 

a»M8 

a"^ 

3»Ht 

4Ha 

iH 

z^M* 

z'ffa 

a 

3M 

3M5 

3% 

4«%4 

a 

z»«« 

zM» 

aK 

3\i 

3M. 

4H6 

4»H4 

aM 

a^is 

iH 

aH 

3H 

3»Me 

4Vi 

S^H4 

»H 

aH« 

i»Mt 

a^4 

4H 

4M6 

4»Hi 

6 

aH 

2«Ha 

a^ 

3 

4H 

4Me 

SH 

6i?ij 

3 

a»Me 

aMe 

3M 

S 

4»M« 

5>He 

7Me 

3Ji 

3Ma 

aV4 

3H 

sH 

SM» 

6H4 

7»H4 

3V4 

3Me 

a»M« 

3^ 

sH 

s»M« 

6»Vii 

m 

3H 

3»Me 

aH 

1 

4 

6H 

6Vi« 

7Ha 

mi4 

4 

3»Me 

3Me 

4M 

64 

7Tl6 

79ie 

m* 

4M 

4Me 

3M 

4VS 

6>i 

61  M« 

7»Via 

954 

4H 

4Me 

a^ie 

4^4 

7K4 

7M6 

8»H» 

ioV4 

4W 

4»Me 

3H 

5 

7H 

79^6 

8»%a 

xo*9i4 

5 

4' Me 

3»Mi 

5W 

8 

7' Me 

99ii 

XI»H4 

sH 

SMe 

4 

5V'2 

8H 

8Me 

9»Ha 

11% 

SH 

sMe 

4Me 

5*4 

8^4 

81  He 

lo-'Via 

laH 

sH 

snie 

4H 

6 

9H 

9V1e 

1019&S 

xa»Me 

6 

5»M» 

4M. 

Weights  of  Boits  and  Nuts 
Weifhts  of  Ono  Hiuu}re4  Bolts  WiOi  Square  Heads  and  If  ixts 

INCLUDES  WEIGHT  OF  NUT 

Hoopes  &  Townaend's  List 
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Length 

Diameter  of  bolts 

under 
head 

to  point 

Hin, 

Ky       * 

Min. 

Main, 

Hin, 

Hin, 

Hin, 

Win, 

I  m. 

in 

Me  in, 

lb 

lb 

lb 

lb 

lb 

lb 

lb 

lb 

lb 

iW 

4.00 

7.00 

10.50 

15.20 

22.50 

39-50 

63.00 

iH 

4-40 

7.S0 

II. as 

16.30 

23.82 

41.62 

66.00 

2 

4.75 

8.00 

12.00 

17.40 

25.15 

43-75 

69. 00 

109.00 

163 

2W 

5-15 

8.50 

12.75 

18.50 

26.47 

45-88 

72.00 

113-25 

169 

2^ 

5.50 

9.00 

13  so 

19.60 

27.80 

48.00 

75.00 

117. SO 

174 

2-M 

5-75 

9-50 

14.25 

20.70 

29.12 

50.12 

78.00 

121.75 

180 

3 

6.2S 

10.00 

1500 

21. 80 

30.45 

52.25 

81.00 

126.00 

185 

3V4 

7.00 

11.00 

16.50 

24.00 

33.10 

56.50 

87.00 

134 -25 

196 

4 

7. 75 

12.00 

XS.OO 

26.20 

35-75 

60.75 

93-10 

142.50 

207 

4H 

8.50 

1300 

19.50 

28.40 

38.40 

6s  00 

99.05 

151  00 

218 

s 

9  25 

14.00 

21.00 

30.60 

41.  OS 

69.2s 

105.20 

159  55 

229 

5V6 

10.00 

1500 

22.50 

32.80 

43.70 

73. SO 

IIX.2S 

168.00 

240 

6 

10.75 

16.00 

24.00 

35.00 

46.35 

77.75 

117-30 

176.60 

251 

6V6 

26  SO 

37.20 

49.00 

82.00 

123. 35 

185.00 

262 

7 

27.00 

3940 

51.65 

86.25 

129.40 

193.65 

273 

7M 

28.50 

41.60 

54.30 

90.50 

135-00 

202.00 

284 

8 

30.00 

43  80 

59- 60 

94.75 

141.50 

210.70 

295 

9 

46.00 

64.90 

103.2s 

153.60 

227.7s 

317 

lO 

48.20 

70.20 

HI. 75 

165-70 

224.80 

339 

XI 

SO.  40 

75.50 

120.25 

177-80 

261.85 

360 

12 

52.60 

80.80 

128.75 

189-90 

278.9c 

382 

^ 

86.10 

137.25 

2O2.0O 

29s. 95 

404 

14 

91.40 

145-75 

214.10 

313  00 

426 

IS 

96.70 

154.2s 

226.20 

330.05 

448 

i6 

•    •    a    •    • 

102.00 

162.7s 

238.30 

347-10 

470 

17 

107.30 

17x00 

250.40 

364. IS 

492 

i8 

.  •  .  •  . 

•  • 

112.60 

I79SO 

262.60 

381.20 

S14 

19 

117.90 

188.00 

274.70 

398.2s 

536 

ao 

123.20 

206.50 

286.80 

415.30 

558 

Per  inch 
additional 

1.37 

2.13 

3.07 

4.18 

545 

8.52 

12.27 

16.70 

21.82 

Waights  of  Nota  and  Bolt-Heads,  in  Poonda 
For  calculating  the  weight  of  longer  bohs 


Diacneter  of  bolt,  in  inches 

U 

H 

V4 

H 

H 

H 

Weight  of  hexagon  nut  and  head. . . 
Weight  of  square  nut  and  head 

•  ■  •  • 

•  •  •  ■ 

0.017 
0.021 

0.057 
0.069 

0.128 
0.164 

0.267 
0.320 

0.43 
0.55 

0.73 
0.88 

Diameter  of  bolt,  in  inches 

X 

iV4 

iH 

iH 

2 

2H 

3 

Weight  of  hexagon  nut  and  head. . . 
nTeight  of  square  nut  and  head 

1. 10 
1. 31 

2.14 

2.56 

3.78 
4  42 

5-6 

7.0 

8.75 
10.50 

17 

21 

28.8 
36.4 

1S28 


Metal-Data 


of  Sirvts  and  Sooad-Heftded  BoUa 

POCKDS  PER  BUNDRXD 


Hots.    S«Ml 


1 

1 

Length. 

Hin 

Hin 

Hin    1 

^4  in 

Hin 

X  in 

imn 

i^ta 

in 

rfiatw 

diam 

diam   - 

diam 

diam 

diam 

d»m 

iH 

55 

12.8 

22.0 

29.3 

439 

66.6 

93.3 

m 

iH 

6-3 

14.2 

24.1 

32-4 

48.3 

73.1 

XOO 

us 

iH 

7.0 

15.5 

263 

35.5 

52.5 

77.7 

107 

MS 

2 

79 

16.9 

28.S 

38.7 

56.7 

83.3 

«4 

153 

2M 

8.7 

18.3 

30.7 

4t8 

6x.o 

88.8 

X2I 

l6t 

2H 

94 

19-7 

32.8 

44-9 

65-3 

94  4 

128 

171 

2^i 

X0.2 

21. 1 

35. 0 

48. 0 

69s 

XOO. 

136 

rj9 

3 

IX. 0 

22.  S 

37.2 

51. 1 

73.7 

IPS. 

143 

m 

3M 

II.7 

23.9 

393 

54.3 

78.0 

XIX 

ISO 

197 

3H 

12.6 

25.3 

41  5 

57. 4 

82.3 

XI6 

157 

ats 

3« 

134 

a6.7 

43.7 

60.S 

86.5 

122 

164 

214 

4 

14-1 

28.1 

459 

63.6 

90.8 

138 

170 

2Q 

4M 

149 

ao.4 

48.0 

66.7 

950 

134 

177 

301 

4H 

157 

30.8 

50.2 

69.9 

99  3 

139 

18S 

2S0 

4% 

i6.5 

32.2 

52.4 

73.0 

104 

145 

192 

3« 

5 

X7.a 

33.6 

54.5 

76.1 

106 

ISO 

199 

2^ 

1            5M 

i8.r 

35.0 

56.7 

79.2 

112 

IS6 

306 

2fi( 

1            5^ 

i8.8 

36.4 

58.9 

82.3 

116 

x6x 

213 

27S 

;      sH 

19.6 

37.8 

61. X 

855 

120 

x66 

220 

2B4 

1           6 

ao.4 

39.2 

63.2 

88.6 

124 

172 

227 

292 

1           6^ 

21.9 

42.0 

67.6 

95.x 

133 

184 

241 

3» 

!              7 

»3.5 

44.7 

71.9 

lOl 

142 

195 

255 

3*7 

7V^ 

2S.I 

47. 5 

76.1 

108 

150 

206 

269 

315 

8 

36.6 

SO.  3 

80.6 

114 

159 

2x7 

284 

3to 

8^4 

28.2 

S3  I 

85.0 

130 

167 

227 

298 

33 

9 

29.8 

55.9 

89.3 

136 

176 

239 

3x2 

397 

9H 

31  3 

S8.7 

937 

133 

I8S 

250 

32s 

414 

lO 

33.8 

61.4 

98.0 

139 

193 

26X 

.W) 

431 

loW 

34.5 

642 

103 

145 

203 

272 

354 

449 

II 

36.0 

67.0 

X07 

151 

2X0 

284 

368 

4tf 

iiH 

37.6 

69.8 

iti 

158 

118 

395 

#2 

484 

13 

39.2 

73.5 

lis 

164 

237 

306 

396 

5M 

Heads 

1.8 

5.8 

IZ.X 

13.6 

23.6 

39.0 

58.0 

835 

For  length  of  shaft  required  to  fonn  rivet-head,  see  Table  IV,  page  430. 
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NAILS  AND  SCEfiWS* 

NaUs.  Based  upon  the  process  of  manufacture  there  are  three  kinds  of  nails 
fn  common  use,  namely,  plate  or  cut  nails,  wire  nails,  and  clinch-nails.  These 
are  briefly  described  in  the  following  subdivisions  of  this  article  and  other  data 
bearing  on  the  subject'  is  included. 

(i)  Cut  Nails.  Cut  nails  are  made  from  a  strip  of  rolled  iron  or  steel  of  the 
same  thickness  as  the  finished  nail  and  a  little  wider  than  its  length,  the  fiber 
of  the  iron  being  parallel  with  the  length  of  the  nail.  Special  machinery  cuts 
the  nails  out  in  alternate  wedge-shaped  slices,  the  heads  are  then  stamped 
on  them  and  the  finished  naib  dropped  into  the  casks.  Cut  nails  made  from  iron 
are  generally  preferred  for  use  in  exposed  positions.  Cut  nails  are  made  in  a 
variety  of  shapes  to  suit  special  uses.  For  ordinary  use  in  building,  nails  of  three 
iifferent  shapes  are  made,  and  the  nails  are  called  common  nails,  finish-nails 
ind  casing-nails.  The  common  nails  are  used  for  rough  work,  finish-nails  for 
fished  work,  and  casing-nails  for  flooring,  matched  ceiling  and  sometimes  for 
IMne  casings,  although  the  heads  are  rather  too  large  for  finish-work.  Cut  nails 
ixe  beginning  to  return  to  favor  as  they  have  holding  power  and  lasting  qualities 
uperior  to  wire  nails. 

(3)  Brads.  Brads  are  thin  nails  with  a  small  head,  used  for  small  finish,  panel- 
Mdings,  etc    They  vary  from  H  to  2  in  in  length. 

(3)  Cloat-Nsils.  Clout-'Dails  are  mtade  with  broad,  flat  beads,  and  are  sold 
%  sizes  varying  from  H  to  2^^  in  in  length.  They  are  used  chiefly  for  fastening 
jutters  and  metal-work.    Special  nails  are  also  made  for  lathing,  slating,  shing- 

iig,  etc. 

(4)  Wire  Nails.  These  have  of  late  years  become  as  ooamon  as  the  cot  nails, 
ad  are  sold  at  about  the  same  price.  They  are  said  to  be  stronger  for  driving 
nan  the  cut  nails,  not  so  liable  to  bend  or  break*  especially  when  driven  into  hard 
'oods,  and  less  Uable  to  split  the  wood;  lor  these  reasons  they  are  generally 
referred  by  carpenters.  Wire  nails  are  made  from  wire,  of  the  same  section- 
iameter  as  the  shank  of  the  nail,  by  a  machine  which  cuts  the  wire  in  even 
ngths,  heads  and  points  them,  and,  when  desired,  also  barbs  them.  In  general 
le  same  classification  is  used  for  cut  nails.  It  should  be  noticed  that  the  gauge 
:  the  wire  and  the  shape  of  the  head  vary  in  the  different  kinds,  and  that  some 
re  barbed,  others  plain.  The  various  types  of  wire  nails  are  drawn  round, 
cooTH  or  BARBED,  for  the  domestic  trade;  for  export  they  are  drawn  oval, 
^UARE,  or  diamond-shaped,  according  to  the  country  to  which  they  are  to  be 
Jpped  and  its  requirements.    It  is  customary  to  charge  15  cents  more  per  xoo 

for  standard  nails,  barbed,  than  for  the  same  nails,  smooth. 

<5)  Clioch-Nails.  These  are  made  from  open-hearth  or  Bessemer-steel  wire. 
ny  ordinary  wire  nail  will  clinch,  especially  when  made  with  duck-bill  or 
i^ttened  points  for  clinching  purposes,  or  even  otherwise,  if  annealed.  These 
dls  are  used  only  in  places  where  it  is  desired  to  turn  over  the  ends  of  the  nails 

form  a  clinch,  as  in  the  case  of  battens  or  cleats. 

(6)  Leogth  and  Weight  of  Nails.  The  length  of  nails  is  designated  by  pen- 
ES  id's).  Two  explanations  are  given  for  the  origin  of  this  classification; 
r  example,  that  tenpenny  nails  originally  sold  for  tenpence  a  hundred,  or  that 
>oo  tenpenny  nails  originally  weighed  10  lb.  The  designation  is  retained  by 
ixiufacturers,  both  for  cut  and  wire  nails.  The  weights  expressed  in  pennies 
a  from  two  pennies  to  sixty  pennies,  the  larger  sizes  being  designated  by 

*  Condensed  from  article  by  Thomas  Nolan  in  chapter  on  Builders'  Hardware  in  re- 
ed edition  of  BuUding  Construction  and  Superintendence,  Part  11,  Carpenters'  Work, 
F.  E.  Kidder. 
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fractions  of  an  inch.    The  nses  and  lengths  of  varbus  kinds  of  nails  and  tadb 
are  given  in  tables  on  pages  1 531  to  1534. 

(7}  Sixes  of  Nails  for  Different  Classes  of  Work.  It  is  imperative  for  fin^ 
class  work  that  nails  of  proper  size  should  be  used  and  to  insure  the  best  rcsulM 
it  is  well  in  certain  classes  of  work  to  specify  the  sizes  which  are  to  be  used.  Fa 
framing,  twentypenny,  fortypenny  and  sixtypenny  nails,  or  spikes,  are  used 
according  to  the  size  of  the  timber.  For  sheathing  and  roof-boarding,  undo 
floors  and  cross-bridging,  tenpenny  common  nails  should  be  used.  For  ovc- 
floors  tenpenny  floor-nails  or  casing-nails  should  be  used  for  jointed  boards,  aol 
ninepenny  or  tenpenny  for  matched  flooring,  although  eightpenny  nails  an 
sometimes  used.  Ceiling  when  Ji  in  thick  is  generally  put  up  with  eightpennj 
casing-nails,  and  when  thinner  stuff  is  used,  with  sixpenny  nails.  For  inside 
finish  any  size  of  finish-nails  or  brads  from  eightpenny  down  to  twopeonyii 
used,  according  to  the  thickness  and  size  of  the  moldings.  For  pieces  ezctcd- 
ing  I  in  in  thickness,  tenpenny  nails  should  be  used.  Clapboarding  h 
generally  put  on  with  sixpenny  finish-nails  or  casing-nails.  Threepenny  ta 
fourpenny  are  used  for  shingling  and  slating,  and  threepenny  for  latfaiog. 
For  slating,  galvanized  nails  should  be  used,  and  they  are  also  better  for  siiin- 
gling.  Whether  wire  or  cut  nails  should  be  used  may  generally  be  Mt  to  the 
builder,*  but  in  places  where  there  is  any  danger  of  the  nails  being  drawn  out 
either  by  the  warping  of  thh  boards  or  from  the  puH  of  the  nail,  cut  nub 
should  be  used,  as  they  have  greater  holding  power  than  the  wire  nHsimdei 
certain  conditions.  In  regard  to  the  comparative  holding  power  of  cut  oaiJs 
and  wire  nails,  and  barbed  nails  and  Bmooth  nails,  and  tests  made  to  detenaiM 
this  property,  see  page  1531. 

(S)  Copper  and  Brass  Nails.  Nails  are  also  made  of  copper  and  cast  bnsBt 
And  these  are  sometimes  used  in  connection  with  boat-buflding,  nefrigefBlor* 
vork,  etc.  One  wing  of  the  Physical  Laboratoiy  Batlding  of  Harvard  CoBcce 
is  put  together  entirdy  with  brass  and  copper.  As  the  rooms  were  intended  ior 
use  in  delicate  electrical  work,  no  iron  was  used  in  their  oonstFuction. 

(9)  Cement-coated  Wire  Nails.  The  coating  consists  of  various  reancoS 
sums  mixed  by  a  secret  formula,  and  put  on  the  nails  by  a  baking-process  vfaidi 
involves  the  use  of  quite  complicated  machiner>'.  Although  the  chief  maik^ 
ior  coated  nails  is  among  the  users  of  packages  to  be  shipped,  there  is  a  linoted 
market  for  them  among  builders,  for  construction-purposes.  The  chief,  merit  of 
the  coating  is  that  it  gives  the  nail  an  adhesive  resistance  approximately  tvke 
that  of  ordinary  wire  nails.  This  quality  appeals  especially  to  the  manufactmas 
and  users  of  packages  to  be  shipped,  for  which  strength  is  particularly  wanted,  ft 
is  desirable  for  construction-purposes  also,  but  the  lack  of  holding  power  in  pbk 
wire  nails  is  not  so  apparent  in  buikling.  About  90%  of  the  output  goes  to  boi- 
factories  and  large  shippers.  Cement-coated  naib  are  quite  widely  used,  afao^ 
in  laying  both  ordinary  and  parquetry-flooring.  The  use  of  these  nails,  wiikt 
special  head  which  leaves  a  small  hole,  gives  a  firm  floor  and  prevents  spriogias. 
Though  the  makers  do  not  claim  that  the  nails  are  ab6<4utely  rust-pioof ,  they  dt 
xlaim  that  nails  thus  treated  will  resist  the  effects  of  moisture  from  30  to  50^ 
(better  than  the  uncoated  wire  nails.  But  it  is  when  in  use  that  the  non-mstiil 
quality  is  most  evident.  There  is  more  ooating  on  the  nails  than  is  ttitmMg, 
necessary  for  holding  power.  The  heat  caused  1^  the  friction  of  driving  t^ 
?nail  softens  the  coating  and  the  surplus  is  forced  toward  the  head,  ^^^mir^t*^ 
■dosing  the  opening;  this  prevents  the  admission  of  moisture  between  the  wooi 
.and  the  nail.  Under  similar  conditions,  the  life  of  a  cement-coated  nail  will  k, 
about  twice  as  long  as  that  of  an  imcoated  one.  Less  force  is  needed  to  dm^^ 
•coated  nail  as  the  softened  coating  forms  a  lubricant.    These  nails  are  made  ^ 
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ID  types,  diffcrukg  only  ia  the  heads^  and  aie  tither  ooounu  or  sinkers. 
he  ioxiner  have  large  flat  heads;  the  latter,  heads  slightly  reinforced  by  counter- 
Ikiog.  They  are  made  to  replace  common  nails,  in  liaes  from  H  in  to  i  in, 
id  are  used  for  framing,  boarding,  shingling  and  staging,  and  for  boxes  and 
Btes.  Results  of  tests  made  with  cement-coated  nails  to  determine  their 
Ihesive  resistance  in  comparison  with  the  common  smooth-wire  naib  are  given 
low. 

The  following  table  shows  the  result  of  tests  made  at  the  United  States  Arsenal, 
atertown,  Ma&s.>  in  1902,  the  wood  being  pine: 

Comparative  Adhesive  Resistance  of  Conmum  Smooth-Wire  Rails  and 

Cement-Coated  Nails 
All  naib  were  driven  into  the  same  piece  and  were  perpendicular  to  the  grain 


Size  and  name 

Diameter, 
in 

Length 

driven,* 

in 

Adhesive 
resistance.! 

lb 

^npenny,  common,  smooth 

*(Cnnennv.  coated 

0.145 
0.117 
0.13a 
0.114 
0.133 

O.IM 

o.oOT 
0.092 

2H 

2H 

2Vi 

2 

a 

iH 

iH 

167 
41S 
x8a 

327 
189 
316 
xc6 
226 

Tinepenny,  common,  smooth 

fineDennv .  coated 

Sshtpenny ,  common,  smooth 

Ightpenny.  coated 

bcoenn V.  common,  smooth 

rxDennv.  coated 

*  All  of  the  naib  were  left  with  their  heads  projecting  from  H  to  H  in. 
t  Aversge  of  three  trials. 

Xolding  Power  of  Nails.  A  committee  appointed  by  the  Wheeling  nail- 
sufacturers,  a  number  of  years  ago,  to  test  the  comparative  holding  power  of 
axid  wi re  nails,  published  the  following  data.  The  kind  of  wood  is  not  named . 
i  effect  of  barbs  is  slight,  and  de6nite  conclusions  await  complete  tests. 

Pounds  Reqtdred  to  Pull  Nails  Out 


Cut 

Wire 

Cut        Wire 

rexxtypenny 

I  593 
908 
597 

703 

3X5 
227 

Sixpenny 

383 
286 

200 

123 

■rttjenav 

Pourpenny 

flxtpefiny 

be  holding  power  of  nails  varies  with  the  kind  of  wood  into  which  they  are 
en-  Austin  T.  Bjme  gives  the  relative  holding  power  of  woods  as  ABOUt  as 
vre:  White  pine,  I, *  yellow  pine,  1.5;  white  oak,  3;  chestnut,  1.6;  beechy3.2; 
ooore.  2;  elm,  2;  basswood,  1.2. 

ComparatiTe  Holding  Power  of  Cnt  and  Wira  Nails 

thorough  tests  of  the  comparative  holding  power  of  wire  nails  and  cut 
EQUAL  LENGTHS  AND  WEIGHTS  were  made  at  the  U.  S.  Arsenal  in  1892  and 
From  forty  series,  comprising  forty  sizes  of  nails  driven  in  qmice  wood,  it 
foaaod  that  the  cut  nails  showed  an  average  superiority  of  60.50%,  the  com- 
nails  showing  an  average  superiority  of  47 -51%  and  the  finishing-naib  an 
i^e  of  72.22%.  In  eighteen  series,  comprising  six  sizes  of  box-Kails  driven 
paoe  wood,  in  three  ways  the  cut  nails  showed  an  average  superiority  of 
^^»    In  BO  series  of  testa  did  the  wire  nails  hold  as  much  as  the  cut  nails. 
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NaOs  and  Screm 


Put 


Qaantitjr  of  Kaito  Roqairod  for  Difforoiit  Xlads  of  Wofk 

For  X  000 shingles*  allow  3H  to  6H  lb  foarpenny  nails  or  3H  to  4H  lb  thicip*.  ■ 
X  000  laths,  7  lb  threepenny  fine,  or  forioo  sq  yd  of  lathing,  10  lb  threepenny  fis 
X  000  sq  ft  of  beveled  siding.  x8  lb  sixpenny 
I  000  sq  ft  of  sheathing,  20  lb  eightpenny  or  25  lb  tenpenny 
I  000  sq  ft  of  flooring,  30  lb  eightpenny  or  40  lb  tenpenny 
X  000  sq  ft  of  studding,  15  lb  tenpenny  and  $  lb  twentypcnny 
I  000  sq  ft  of  I  by  2H-in  furring.  12-in  centers,  9  lb  eightpenny  or  14  lb  tenpec^ 
I  000  sq  ft  of  I  by  2H-in  furring.  i6-in  centers,  7  lb  eightpenny  or  10  lb  tenpe=^ 

*  Depends  upon  width  and  length  of  shingles  and  kind  of  nails. 

Cut  Steel  Nails  and  Spikes 
Sizes,  lengths,  and  approximate  number  per  pound 
Taken  from  the  Handbook  of  the  Cambria  Steel  Company 


Sizes 

Length, 
inches 

Common 

Clinch 

Finishing 

Casing 
and  box 

Fencing 

Sf»kes 

2d 

I 

xM 

iH 

iH 

2 

2M 

2^ 

2H 

3 

3V4 

3V6 

4 

4M 

4W 

5 

S>4 

6 

6.4 

7 

740 
460 
280 
210 
160 
120 
88 

73 
60 

46 
33 
23 

20 

16^ 

12 

10 

8 

400 
260 
t8o 

X  XOO 

880 

530 

34 

Ad 

420 
300 
210 
x8o 
130 

X07 

88 

70 
52 
33 

Sd 
6d 

Id 
Sd 

9d 
lod 

12d 

i6d 

20d 
2Si 

100 
80 
66 
52 
48 
40 

34 
24 

■ 

350 

300 

210 

168 

130 

104 

96 

86 

76 

100 
80 
60 
52        ' 

3* 

26      1 
20 
xS 
16 

17 
14 

30i 

30 

ir 

AOd 

26 

9 

sod 

2C 
16 

74 

6od 

6 

S'-^s 

5 

i 

Sizes 

Length, 
inches 

Barrel 

Light 
barrel 

Slating 

Sizes 

Length, 
inches 

Plat 
grip, 
fine 

■  Edis- 
grip, 
fiae 

H 

X 

iH 
iH 

iH 
iH 

2 

2H 
2H 
2H 

3 

3H 
3H 

7S0 
600 
500 
450 
310 
280 
210 
190 

400 
304 

224 

I  462 
I  300 

I 

«>■••• 



2d 

I 

X  100  '      960 

2d 

340 

3rf 
4d 

XH     1        800   '       7S3 
i-H    1       650  i      6ao 

280 

3d 

Tobacco 

Brads 

Shra^ 

_f 

220 
180 

4i 
Sd 
6d 

130 
97 
85 
68 
58 

120 

74 
62 

SO 
40 

27 

nd 

8d 

QC 

9d 

72 

lod 

60 

12d 

:: 1 

i6d 

Naibi  Spikes  and  Tacks 
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SteeMfire  Hailt,  dpOres,  tnd  Ticki 

SIZE,  LENGTH,   GAUGE  AND  APPROXIMATE  NUMBER  TO  THE  POUND 

Compiled  from  Catalogue  of  American  Sted  and  Wire  Company,  xgxo 
American  Steel  and  Wire  Company's  gauge.    (See  page  15x2.) 


Common  nails  and  brads  * 

Casfng-nails  t 

Finishing-nailst 

8ifle 

Length, 
in 

Gauge 

Number 

to 
pound 

Gauge 

Number 

to 
pound 

Gauge 

Number 

to 
pound 

2d 

3d 
4d 
Sd 
6d 
Id 

9d 

,    lOd 

I2d 
16J 

20d 
30d 
Aod 
sod 

X 

iH 

iH 
iH 

2 

2M 

aH 

3 

314 

3'/i 

4 

4H 

5 

SW 

6 

IS 
14 

12H 

12^ 
IlW 

xoVi 
loK 

9 

9 

8 

6 

5 

4 

3 

a 

876 
568 
316 

271 

181 
161 
X06 
96 
69 
63 
49 
31 
24 
IS 

14 

XI 

iSH 
i4Vi 
14 
14 

X2H 

laVi 
xxW 
uH 
Mi 
loW 
xo 

9 
9 
8 

I  010 

63s 

473 

406 

336 

aio 

X45 

132 

94 

87 

71 

52 

46 

35 

16H 

X5H 

15 

15 

13 

13 

Mi 

12M 

iiH 

Mi 

II 

xo 



1351 
8c7 
584 
500 

309 
238 
J89 
172 

X2I 

1X3 

90 

62 

6od 

Shingle-nails 

Spikes  t 

Size 

Lcngtht 
in 

Gauge 

Number 

to 
pound 

Size 

Length, 
in 

Gauge 

Number 

to 
pound 

3d 

3^iid 
Ad 
Sd 
6d 

7rf 
M 

9d 
lod 

xH 
i^i 
154 

a 

2M 
2M 
2^ 
3 

13 
Mi 

X2 
12 
12 
XX 
II 
IX 
10 

429 
345 
274 
235 
204 
X39 

125 

83 

lod 

12d 

i6d 
aod 

3 

3l4 

3H 

4 

4H 

5 

6 

7 
8 

9 
10 

12 

6 

6 
5 

4 
3 

2 
I 

H" 
9i" 

41 
38 
30 
23 
17 
13 
10 

9 

7 
4 

3^/i 
3 

■2H 

3pd 
AOd 

Fine  nails 

sod 
God 

7" 
8" 

9" 
10^' 
12" 

2d 

3d 

Ad 

2d 

extra  fine 

3d 

extra  fine 

I 

iH 

h 

Mi 

IS 

X4 

17 
x6 

1351 
778 
473 

1560 

10x5 

*  Comm<m  brads  differ  from  common  nails  only  in  the  head  and  point. 

\  Lengths  are  the  same  as  common  nails  for  corresponding  size. 

t  Spikes  are  made  with  chisel-points  and  diamond  points;  also  with  convex  heads  and 

tbeadi. 
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Nails  and  Screws 


Put 


StMl-Wira  JXdU  (ContiiiMd) 

Clinch-nails 

Pencfvnails  * 

Slating>naiis  * 

Length, 

Number 

Number 

Ku&bi 

Size 

G&UgB 

to 

Gauge 

to 

Oattge 

to 

in 

pound 

pound 

poisid 

3i 

I 

14 

710 

la 

in 

3tf 

iH 

13 

4a9 

No  5  smallest 

io>4 

»s 

44 

iW 

xa 

274 

sise 

io>4 

jH 

Sd 

iH 

la 

235 

lO 

14a 

10 

ut 

6tf 
Id 
9d 

9d 

2 

2M 
3^4 

II 
II 

lO 
10 

IS7 

139 

99 

90 

10 

9 
9 
8 

124 
9a 
8a 
6a 

9 

m 

Barbed  roofing^iaibt 

^i"XNoi3 

714 

lod 

3 

9 

69 

7 

50 

Ti"XNoia 

4^ 

l2d 

3K 

9 

6a 

6 

40 

i"XNoia 

4n 

i6d 

3H 

8 

49 

5 

30 

m"XNoia 

3fiS 

20i 

4 

7 

37 

4 

23 

m"XNoii 

29 

*  Length  same  as  dinch-nafls  of  corresponding  size. 
t  Roofing-nails  are  designated  by  the  length,  not  by  femxvt. 
lengths  up  to  2  in. 

Wire  Tacks 


These  nafls  are  mde  i 


TiUe. 

Length, 

Number 

Title, 

Length, 

Number 

Title. 

Length. 

Nmnbe 

ounce 

in 

per 
pound 

ounce 

in 

per 
pound 

ounce 

in 

vet 

I 

H 

16000 

4 

^« 

4000 

14 

>K« 

X143 

iH 

H6 

10666 

6 

9<s 

2666 

16 

H 

xooo 

2 

H 

8000 

8 

H 

aooo 

18 

»M« 

m 

2>4 

51e 

6400 

xo 

»Hs 

1600 

20 

I 

to 

3 

H 

5333 

13 

^4 

1333 

22 
24 

iMs 

Wire  carpet-tacks  are  made  polished,  blued,  tinned,  or  coppered;  there  are  abo  vfko 
Stems'  and  bill-posters'  or  raikoad  ta^. 


don-Bolts.  These  are  commonly  used  for  bokin 
wood  or  iron  to  masonry  that  is  already  built.  A  hole  i 
drilled  in  the  masonry  of  such  size  that  the  expansion-oot  «i 
fit  closely,  and  when  the  bolt  is  screwed  up  the  nut  eipud 
and  binds  firmly  in  the  masonry.  The  illustration  shows  tk 
Evans  expansion-bolt,  which  is  also  furnished  with  saew-hei 
bolts.  There  are  other  forms  of  e}q>aii9on-bolts  on  the  maito 
From  experiments  on  expansion-bolts  it  was  found  that  ^ 
holding  capacity  was  264  lb  per  sq  in  when  embedded  in  i: 

Portland-cement  mortar,  843  per  sq  in  when  embedded  i 

Expansion-bolt     ^^*P^"r  and  485  lb  per  sq  in  when  embedded  in  lead.   Ffl 
average  working  unit-stresses  it  is  safe  to  use  about  one-fifth  a 
the  va/ues  given.    When  the  work  b  exposed  to  rain  or  moisture  sulphur  shod 
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ot  be  used  as  the  acid  which  lesalts  will  nist  the  metal  and  will  also  tend  to 
^integrate  the  maaonwork  at  the  potnt  of  entrance  of  the  bolt. 

Screws.  The  substitution  of  screws  for  nails  in  building  operations  is  a 
larked  feature  of  modern  work.  Trimming  hardware  of  all  descriptions  is  put 
D  with  screws,  and  a  great  deal  of  panel-work,  inside  finish,  etc.,  is  put  together 
!th  them.  Stop-beads,  the  casings  of  plumbing-fixtures,  etc.,  should  be  fas- 
jned  with  screws,  as  well  as  all  kinds  of  store  and  office-fixtures,  and  cabinet- 
ork  in  general,  except  where  the  joints  are  glued.  Screws  are  also  largely  used 
I  making  furniture.  They  present  a  neater  appearance  than  nails,  have  greater 
aiding  power  and  are  less  apt  to  injure  the  material  if  it  should  be  removed  and 
placed.  By  making  holes  for  the  screws  with  a  bit,  all  danger  of  splitting  the 
Eiish  is  averted.  The  ordinary  t3rpe  of  screw  has  a  gimlet-point  by  which  it  can 
i  turned  into  the  wood  without  thw  aid  of  a  bit.  The  heads  are  made  in  various 
rms  to  suit  different  uses.  Screws  are  made  ordinarily  of  ateel,  but  sometimes 
'  hnss  and  bronze.  The  latter  sort  are  used  for  screwing  in  place  finished  hard- 
tre  of  the  same  material,  and  have  heads  finished  to  correspond  with  the  trim- 
mgs.  Steel  screws^  also,  are  finished  with  blue,  bronze,  lacquered,  galvanized, 
'  tinned  surface,  to  match  the  cheaper  class  of  trimmings.  The  galvanized 
Dsh  is  used  in  building  operations  at  the  seashore.  Screws  with  blue  surface, 
lied  BLUED  scR£^vs,  are  generally  used  with  japanned  hardware  and  for  stop- 
ads,  and  wherever  a  cheap  round-headed  screw  is  desired.  Silvier,  nickel,  and 
Jd-plated  screws  are  also  manufactured  for  use  in  connection  with  similar 
xdware.  Steel  screws  for  wood  are  made  in  twenty  different  lengths,  varying 
>m  M  to  6  in,  and  each  length  of  screw  has  from  ^  to  eighteen  varieties  in 
ickness,  there  being  in  all  thirty-one  dif- 
rent  gauges;   so  that  altogether  there  are 

the  market  about  two  hundred  and  fifty 
ferent  sizes  of  ordinary  screws  used  for 
mdwork.  The  mc^t  common  shapes  are 
e  ordinary  fiat  head,  round  head  and  oval 
ad.  The  oval-head  screw  is  tapered  for 
Lintersinking  but  is  slightly  rounded  oa  top.  Lag  and  Coach-acievs 

tent  diamond-point  steel  screws  are  made 

xcially  for  driving  with  a  hammer.  These  can  be  driven  with  a  hammer 
sir  entire  length  into  any  hard  wood,  and  then  held  by  one  or  two  turns  as 
urely  as  the  ordinary  screw.  In  ordering  screws  both  the  lenffth  and 
enber  of  the  gauge  or  diameter  of  the  ahank,  the  material  and  finish,  and 
i  use  to  which  tliey  are  to  be  put,  should  be  given. 

Screws  for  Metal  have  the  same  diameter  throughout  and  the  threads  are  V- 
Lped. 

Sizes  of  Screws.  The  sizes  of  screws  are  given  in  length  in  inches  and  the 
mber  of  the  gauge,  the  gauge  denoting  the  diameter.  Thus,  a  i-in  No.  12  screw 
c  in  long  and  0.2158  in  in  diameter.  The  gauge-numbers  range  from  o  to  30 
1  the  lengths  from  H  to  6  in.    The  lengths  vary  by  eighths  of  an  inch  up  to 

I,  by  quarters  of  an  inch  up  to  3  in  and  by  halves  of  an  inch  up  to  5  in.  Screws 
□a  H  to  4H  in  long  are  made  in  about  sixteen  different  gauge-numbers.    Table 

II,  page  402,  gives  the  diameter  to  four  places  in  decimals  of  an  inch  of  the 
lerican  screw-gauge.  It  should  be  noticed  that,  unlike  the  ordinaiy  wire- 
tgSB,  the  o  of  the  screw-gauge  indicates  the  diameter  of  the  smallest  screw 
lie  the  diameter  of  the  screw  increases  with  the  number  of  the  gauge. 

Jmg-Screm  and  Coach-Screws  are  large,  heavy  screws  used  where  great 
KDgth  is  required^  as  in  heavy  framing,  and  for  fixing  ironwork  to  timber. 


D 
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Data  on  Excavating 


Fact 


Lag-screws  with  conical  point  are  made  with  diameters  of  M«>  H»  Msf  Vi,  fi**  ^ 
%f  and  X  in,  and  in  lengths  from  iH  to  12  in;  coach-screws  in  diameters  Irom  f 
to  H  in  and  in  lengths  from  iH  to  12  in.  For  putting  in  lag-screws  a  bo 
should  be  bored  which  has  a  diameter  a  little  greater  than  the  unthreaded  shu 
of  the  screw  and  it  should  be  bored  to  a  depth  corresponding  to  the  length  of  d 
unthreaded  shank.  A  second  hole  should  then  be  bored  at  the  bottom  of  tl 
first  hole  of  a  diameter  somewhat  less  than  that  of  the  threaded  shank,  and  to 
depth  of  about  half  its  length. 

Holding  Power  of  Lag-Screws 
Tests  made  by  A.  J.  Cox,  University  of  Iowa,  1891,  quoted  by  Kent,  page  324 


Kind  of  wood 


Seasoned  white  oak 

Seasoned  white  oak 

Seasoned  white  oak 

Yellow-pine  stick 

White  cedar,  unseasoned 


Size  of 

Size  of 
hole 

Length 
in 

Maximum 
resist- 

Ntonba 
of 

screw. 

bored, 

wood. 

ance. 

tests 

in 

in 

in 

lb 

H 

\^ 

4H 

8037 

9ie 

lU 

3 

6480 

H 

H 

4V^ 

8780 

% 

H 

4 

3800 

H 

W 

4 

340S 

Hoopes  &  Townsend  give  the  force  required  to  draw  screws  out  of  yellow  pn 
as  follows: 


Screw. 


Hin 


Wood,  depth 3V4  in 

Force,  pounds 4  960 


Hin 


4  in 
6000 


Hin 


4  m 
768s 


H>n 


Sm 
II  soo 


im 


6i& 


Wooden-screws  are  sold  by  the  gross,  lag-screws  and  coach-screws  by  th 
pound. 

DATA  ON  EXCAVATING  ♦ 

ExcaTatinc  is  almost  invariably  measured  by  the  cubic  srard  of  27  cu  ft  Foi 
measuring  excavations  of  irregular  depth  see  page  65.  For  computing  the  ooa 
tents  of  wells  and  cesspools,  the  circular  area  in  square  feet  may  be  obtained  tsm 
the  table  on  page  51,  and  this  circular  area  multiplied  by  the  dq[>th  in  feet  lili 
give  the  contents  in  cubic  feet.  The  cost  of  excavating  and  removing  earth  i: 
ordinarily  made  up  of  the  following  items: 

(i)  Loosening  the  earth  for  the  shovelers; 

(2)  Loading  by  shovels  into  carts  or  barrows; 

(3)  Hauling  or  wheeling  it  away,  including  emptying  and  returning; 

(4)  Spreading  it  out  on  the  dump; 

For  every  large  job,  such  as  railroad-work,  it  is  also  necessary  to  make  an  a^ 
lowance  for  keeping  the  hauling-road  in  repair,  for  sharpening  and  repair  of  tooh* 
and  for  carts,  harness,  superintendence  and  water-carriers.  Where  the  din 
e.Tcavated  can  be  spread  over  the  ground  immediately  surrounding  the  exca\>- 
tion  the  loosened  dirt  may  be  removed  by  scrapers  without  shoveling. 

Data  for  Estimating  Cost  of  Loosening  Barth.  Two  men  with  a  plough  aod 
team  of  horses  will  loosen  from  20  to  .%q  cu  yd  of  strongi  heavy  soil  per  ixwr  or 

*  All  prices  given  are  pre-war  prices  and  are  retained  for  purposes  of  compaii&aD  d 
rp'ative  values. 
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Imn  40  to  60  cu  yd  of  ordinary  loam.    One  man  with  a  pick  will  loosen  i  H  yd 
Itr  hour  of  stiff  clay  or  cemented  gravel,  4  y4  of  oommon  loam,  or  6  yd  of  light 

bd. 

\  The  average  qiiantity  of  loosened  eaeth  that  a  man  can  shovel  into  a  cart 

|er  hour  is: 

'     Loam  or  sand 3.0  cu  yd 

Clay  and  heavy  soils 1 .7  cu  yd 

Rock 1 .0  cu  yd 

Average  earth  when  loosened  swells  to  from  iVi  to  iVi  times  its  original  bulk 
I  place. 

The  capacity  of  vehicles  used  for  moving  excavated  materials  is  about  as 
»lk)ws: 

Wheelbarrows 3  to   4  cu  f t 

One-horse  dump-carts 18  to  22  cu  ft 

Two-horse  dump-wagons 27  to  45  cu  ft  * 

Drag-4crapers 3  to    7  cu  ft 

Wheel-scrapers 10  to  17  cu  ft 

Dump-cars  on  rails 27  to  80  cu  ft 

The  Economical  Length  of  Haul  with  drag-scrapers  is  about  150  ft;  with 
heeled  scrapers,  500  ft;  with  wheelbarrows,  250  ft;  with  one-horse  dump)-carts, 
yo  ft.t    The  average  speed  of  horses  is  given  as  about  200  ft  per  minute. 

^luch  valuable  data  for  estimating  X  the  cost  of  excavating  may  be  found  in 
te  Civil  Engineer's  Handbooks. 

Weight  of  Barth,  Sand  and  Gravel.  For  general  calculations  the  following 
rerage  values  may  be  taken: 


14  cu  ft  of  chalk  weigh  x  ton 
x8  cu  ft  of  clay    weigh  i  ton 
21  cu  ft  o{  earth  weigh  i  ton 

19  cu  ft  of  gravel  weigh  x  ton 
22  cu  ft  of  sand  weigh  x  ton 

Sock-Exeavatioa.  A  cubic  yard  of  rock,  in  place,  when  broken  up  by  blasting 
r  removal  by  wheelbarrows  or  carts,  will  occupy  a  space  of  about  x^i  cu  yd; 
nsequently  the  cost  of  hauling  or  removal  is  about  50%  more  than  for  dirt. 

"With  labor  at  $x  per  day,  the  actual  cost  for  loosening  haid  rock,  including 
ols,  drilling,  powder,  etc.,  will  average  about  45  cents  per  cubic  yard,  in  place, 
ider  all  ordinary  circumstances.  In  practice  it  will  generally  range  between  30 
d  60  cents,  depending  on  the  position  of  the  strata,  hardness,  toughness,  water 
id  other  considerations.  Soft  shales  and  other  allied  rocks  may  frequently  be 
>sened  by  pick  and  plough  as  low  as  15  to  20  cents,  while  on  the  other  hand  shal- 
jr  cuttings  of  very  tough  rock  with  an  unfavorable  position  of  strata,  especially 
the  bottoms  of  excavations,  may  cost  $x  per  cu  yd,  or  even  considerably  more. 
le  quarrying  of  average  hard  rock  requires  about  M  to  Vi  lb  of  powder  per  cu  yd, 
place,  but  the  nature  of  the  rock,  the  position  of  the  strata,  etc.,  may  increase 
to  Vi  lb  or  more.  Soft  rock  frequently  requires  more  powder  than  hard.  A 
od  chum-driller  will  drill  8  to  10  ft  in  depth  of  holes  about  2H  ft  deep  and  2  in 
imeter  per  day  in  average  hard  rock,  at  from  12  to  x8  cents  per  ft.*'  § 

*  The  ordinary  load  for  two-horse  wagons  such  as  are  commonly  used  for  hauling  dirt, 

id  and  gravel  is  from  iH  to  iV-^  cu  yd. 

f  Inspectors'  Pockct-Book,  by  A.  T.  Byrne. 

>-   See,  also.  Handbook  of  Cost  Data,  by  H.  P.  Gillette. 

I  Xfac  Qvil  Engineer's  Pocket-Book,  J.  C.  Trautwine. 
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DATA  ON  STONEWO&K  * 

Xindt  of  Stonework.  The  commonest  kind  of  stonework,  that  is,  for  ml 
is  called  rubblework.  No  work  whatever  is  done  on  the  stones  excq)t( 
break  them  up  with  a  hammer.  If  the  wall  is  built  in  courses  it  is  designatii 
COURSED  RUBBLE.  When  the  stones  showing  on  the  outside  face  of  the  nl 
are  squared,  the  work  is  designated  ashlar.  Ashlar  is  of  two  kinds:  coceii 
ASHLAR,  in  which  the  stones  are  laid  to  form  courses  aroimd  the  building,  aOi 
the  stones  in  any  course  being  of  the  same  height,  and  broken  ashlar,  m  wttd 
stones  of  different  heights  are  used.  Hamicer -dressed  ashlar  designates  «d 
where  the  stones  are  roughly  squared  with  a  hammer.  This  b  a  very  cheap  das 
of  work.  Good  ashlar  work  should  be  squared  on  the  bench  with  cfaisds,  tt 
with  beds  and  end-joints  cut  square  to  the  face.  Stonework  which  requires  i 
chlsd  or  any  other  tool  except  a  hammer  for  dressing  is  cxdled  cur  woul  Ci 
work  costs  considerably  more  than  hammer-dressed  work. 

Measurement  of  Stonework.  Rough  stone  from  the  quarry  is  usually  sol 
imder  two  classifications:  rubble-stone  and  dimension-stone.  RubUe  indodi 
the  pieces  of  irregular  size  most  ea»ly  obtained  from  the  quarry,  and  suitabk  k 
cutting  into  ashlar  1 2  in  or  leas  in  height  and  about  2  ft  long.  Stone  ordend  t» 
be  of  a  certain  size,  to  square  over  24  in  each  way  and  to  be  of  a  particulartUd 
ness,  is  called  dimension-stone.  The  price  of  the  latter  varies  from  two  t 
four  times  the  price  of  rubble.  Rubble  is  generally  sold  by  the  ton  or  cai 
load.  Footings  and  flagging  are  usually  sold  by  the  square  foot;  dimenaoi 
stone  by  the  cubic  foot.  In  Boston,  granite  blocks  for  foundations  are  osuifl! 
sold  by  the  ton. 

In  Estimating  on  the  Cost  of  Stonework  put  into  a  building,  the  custom  Tirie 
with  different  localities,  and  even  among  contractors  in  the  same  city.  Dino 
sion-stone  footings,  that  is,  squared  stones  2  ft  or  more  m  width,  are  usdiQ! 
measured  by  the  square  foot.  If  built  of  large  rubble  or  irregular  stonei  tk 
footings  are  measured  in  with  the  wall,  allowance  being  made  for  the  projectioa 
of  the  footings.  Rubblework  is  almost  universally  measured  by  the  pebch  0 
16H  cu  ft.  The  author  has  been  unable  to  hiul  any  locality  where  the  kg> 
perch  of  24^  cu  ft  is  used  by  stone-masons.  In  Philadelphia,  St.  Louis  and  son 
sections  of  Illinois,  22  cu  ft  are  called  a  perch.  Railroad-work  is  usually  meu 
ured  by  the  cubic  yard.  When  stonework  is  let  by  the  perch,  the  number  c 
cubic  feet  to  the  perch  should  be  stated  in  the  contract,  and  it  shouki  be  staiec 
also,  whether  or  not  openings  are  to  be  deducted.  As  a  rule  no  deductioos  u 
made  for  openings  of  less  than  70  superftdal  feet. 

Data  for  Estimating  Cost.f  The  price  of  common  rubble  as  it  comes  fM 
the  quarry  will  vary  from  55  cts  to  $1.65  per  ton,  free  on  board  cars  at  point  < 
delivery,  according  to  the  cost  of  quarryiog,  tiansportatian,  etc.  $x^  a  poc 
is  probably  a  fair  average. 

A  ton  of  most  of  the  different  kinds  of  stones  will  make  from  i  perch  to  i^ 
perches. 

The  cost  of  lasring  one  perch  of  stone  may  be  estimated  by  the  following  it^ 

Labor:  mason  2H  hrs,  helper  1^  hrs,  based  on  two  helpers  to  three  mss* 
sand  H  load;  Hme  H  bu,  or  if  laid  in  all-cement  mortar,  one  perdi  will  reqfl 
from  H  to  }i  bbl  of  cement. 

At  average  wages,  rubble  cellar-walls,  from  x8  in  to  2  ft  thi<^  laid  in  bme  ai 

*  The  prices  given  are  pre-war  prices. 

t  For  wages  different  from  those  named,  the  average  costs  may  be  calculated  br  ^ 
portion. 
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.tar,  vaiy  in  cost  from  $3.75  to  $4.50  per  perch,  $3.50  a  perch  being  a  fair  a\ierage; 
Jn  all-cement  mortar,  from  $3.50  to  I4.50  per  perch. 

The  cost  of  ashlar  depends  very  largely  upon  the  kind  of  stone  used  and  the 
Ifistance  it  has  to  be  brought.  The  price  of  the  rough  stock  on  the  cars  at  the 
pomt  of  delivery  may  vary  from  75  cts  to  $1.35  per  cu  ft  for  granite  and  from 
60  cts  to  $1.10  for  sandstones  and  limestones,  depending  largely  upon  coat  of 
transportation,  i  cu  ft  of  atone  should  make  3  sq  ft  of  ashlar,  at  least.  Some 
qoanies  get  out  stone  especially  suitable  for  ashlar  and  sell  it  at  about  30  cts  per 
lb  ft  for  couraes  is  in  high. 

The  cost  of  cutting  ashlar,  with  atone^otteis'  wages  at  $4  per  day,  will  average 
about  15  cts  per  sq  ft  for  soft  stones,  from  15  to  20  cts  per  sq  ft  for  hard  sand- 
stones and  limestones,  and  from  25  to  30  cts  for  granite.  The  cost  of  setting  ash- 
lar will  vary  from  10  cts  per  sq  ft  to  25  cts  for  soft  stones  or  30  cts  for  granite, 
[5  cts  being  an  average  price  for  sandstones  and  limestones. 

The  cost  of  cut-stone  trimmings  depends  so  largely  upon  the  kind  of  stone 
that  it  is  quite  impossible  to  give  prices  that  would  be  of  very  much  service. 
the  foUowing  figures,  however,  may  serve  as  a  general  guide  in  forming  a  rough 
iKtimate,  the  prices  if  anything  being  probably  a  little  above  the  cost  of  the 
total  stone  in  most  localities. 

Flagstones  for  Sidewalks,  ordinary  stock,  natural  surface,  3  in  thick,  with 
oints  pitched  to  line,  in  lengths,  along  walk,  from  3  to  5  ft,  will  cost,  for  a  3-ft 
ralk,  about  10  cts  per  sq  ft,  or  if  2  in  thick,  7  cts;  for  a  4-ft  walk,  10  cts;  and  for 
i  5-ft  walk,  13  cts  per  sq  ft.  The  cost  of  laying  all  sizes  will  average  about  4  cts 
ler  sq  ft.    The  above  figures  do  not  include  the  cost  of  hauling. 

Corbisg.  4  by  344n  granite  will  cost  at  the  quarry  from  30  to  35  cts  per  Un  ft; 
igging  and  setting  will  cost  from  13  to  14  cts  additional;  and  the  cost  of  freight 
nd  hauling  must  also  be  added. 

Gut  Bhiestone.  The  following  figures  show  the  approximate  cost  of  cut 
hxeslone  for  various  uses: 


Flagstone,  5  in,  size  8  by  10  ft,  edges  and  top  bush-hammered,  per  square 
foot  face-measure 

Fla^tone,  4  in,  sixe  5  by  s  ft,  select  stock,  edges  clean-cut,  natural  top, 
per  square  foot 

Door-sills,  8  by  IS  in,  clean-cut,  per  linear  foot 

VTindow-^s,  5  by  12  in,  clean-cut,  per  linear  fioot 

IVindow-sills,  4  by  8  in,  clean-cut,  per  linear  foot 

Window-sills,  5  by  8  in,  clean-cut,  per  linear  foot 

Lintds,  4  by  10  in,  deanrcut,  per  linear  foot 

Litntela,  8  by  I3  in,  clouxnat,  per  linear  foot 

Water-table,  8  by  I3  in,  clean-cut,  per  linear  foot 

Copixxg,  4  by  3X  in,  clean-cut,  per  linear  foot 

Coping,  4  by  21  in»  rock-face  edges  and  top,  per  linear  foot 

Coping,  3  by  15  in,  rock-face  edges  and  top,  per  linear  foot 

Coping,  3  by  18  in,  rock-face  edges  and  top,  per  linear  foot 

Steps,  sawed  stock,  7  by  14  in,  per  linear  foot 

E^tform,  6  in  thick,  per  square  foot 


To  the  prices  of  cut  stone  above  given  must  be  added  the  cost  of  setting,  which, 
r  water-tables,  steps,  etc.,  will  be  about  10  cts  per  linear  foot,  and  for  window- 
Is,  etc.,  about  5  cts  per  linear  foot.  For  fitting,  about  10  cts  per  cu  ft,  and  for 
immfag  the  joints  alter  the  pieces  are  set  in  pUoe^  about  5  cts  per  cu  ft  should 
■o  be  ^^^^^^ 
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DATA  ON  BKICKS  AND  BRICKWORK 

Clay  Bricks.  The  word  brick  as  commonly  used  refers  to  the  mMttn 
clay,  molded  into  the  required  shape  aud  aixe  and  burned  in  a  kihi;  mm 
until  quite  recently,  practically  all  bricks  were  made  from  day.  At  tl 
present  time,  however,  bricks  are  also  made  from  sand  and  lime,  and  fra 
cement  and  concrete.  Clay  bricks  nuiy  be  broadly  classified  as  oomaa 
bricks,  face-bricks,  fire-bricks  and  paving-bricks.  As  to  the  process  of  maai 
facture,  bricks  are  classified  as  soft-mud  bricks,  stiff-mud  bricks,  dry-pRS 
bricks  and  repressed  bricks. 

Soft-Mud  Bricks  are  made  by  tempering  clay  with  water  until  it  becomes  sol 
and  plastic  and  then  pressing  it  into  molds  dther  by  hand  or  by  a  madnu 
Practically  all  handmade  bricks  are  soft-mud  bricks.  Soft-mud  bricks  are  <iite 
REPRESSED  to  make  face-bricks. 

Stiff-Mud  Bricks  are  machine-made.  The  day  is  first  ground,  and  oo^ 
enough  water  is  added  to  make  a  stiff  mud.  The  stiff  day  is  forced  tbrov^  adi 
or  dies  in  the  machine  in  a  continuous  stream,  which  is  cut  up  automatically  mti 
pieces  the  size  either  of  the  end  or  side  of  the  brick.  If  the  opening  is  the  six o 
the  end  of  the  brick,  the  bricks  are  emd-cxtt  bricks;  if  of  the  size  of  the  side  of  ih 
brick,  they  are  side-cut  bricks.  Stifif-mud  bricks  can  readily  be  distinginika 
from  soft-mud  bricks  by  their  appearance.  As  good  if  not  better  bricks  can  b 
made  by  the  soft-mud  process  as  by  the  stiff-mud  process,  and  in  the  Eastoi 
States  the  soft-mud  bricks  are  probably  the  stronger.  As  far  as  the  aotbar^ 
observation  has  extended  in  the  Western  States,  the  stiff-mud  bricks  are  as  anii 
preferable  to  those  made  by  the  soft-mud  process.  Stiff-mud  bricks  are  usai} 
heavier  than  soft-mud  bricks  or  hand-made  bricks. 

Dry-preased  Bricks  are  made  almost  entirdy  for  face-work^  altbough  in  soai 
localities  dry-pressed  bricks  are  also  used  as  conunon  bricks.  Hydraulic-pccaed 
bricks  are  dry-pressed. 

Molded  Bricks  are  always  dty-pressed.  Very  fine  bricks  are  made  by  tloii 
process. 

Burning  of  Bricks.  Bricks  made  by  any  of  the  above  processes  require  to  hi 
burned  in  a  kiln.  According  to  thdr  position  in  the  kiln,  common  bricks  tn 
designated  arch-bricks  or  hard-burned  bricks,  red  bricks  or  wdl-borMJ 
bricks,  and  salmon  bricks  or  soft  bricks.  As  a  rule,  salmon  bricks  are  not  fit  tc 
use  in  an  exterior  or  bearing-wall. 

Color  of  Bricks.  The  color  of  bricks  depends  prindpally  upon  the  pccseaot 
of  iron,  lime,  or  magnesia  in  the  clay.  A  large  proportion  of  oxide  of  iron  givfl 
a  clear  bright  red.  Magnesia  produces  a  brown  color,  and  when  in  the  presescc 
of  iron,  a  light-drab  color.  Dry-pressed  bricks  are  often  colored  artificial 
either  by  mixing  clays  of  different  composition,  or  by  mixing  mineral  colors  irid 
the  finely  ground  clay. 

Fire-Bricks  are  ordinarily  made  from  a  mixture  of  flint  clay  and  plastic  dtf 
They  are  usually  white,  or  white  mixed  with  brown,  in  color  and  are  used  fortki 
lining  of  furnaces,  fireplaces  and  tall  chimnesrs. 

Paving-Bricks  are  very  hard  bricks,  usually  vitrified  or  annealed.  They  tf 
much  mure  expensive  than  common  bricks  and  are  seldom  used  in  the  co» 

struction  of  buildings. 

Sise  and  Weight  of  Ctay  Brieka,  In  this  country  there  is  no  l^gal  standard  to 

the  SIZE  OF  BRICKS,  and  the  dimensions  vary  with  the  maker  and  also  with  th 
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locality.  Common  standaid  szesaie  8  by  3^  by  2H  in.  a&d  8  by  sH  by  2}i  in. 
in  the  New  Engl&nd  States  the  common  brick  averages  about  794  by  sH  by  2V4  in.' 
In  most  of  the  Western  States  common  bricks  measure  about  8H  by  4^  by  a  Vi  in, 
[and  the  thicknesses  of  the  walls  measure  about  9, 13, 18  and  2  a  in  for  thicknesses 
of  z,  iH,  a  and  aH  bricks.  The  sises  of  all  common  bricks  vary  considerably  in 
each  lot,  according  to  the  degree  to  which  they  are  burned;  the  hard  bricks  being 
from  H  to  M6  in  smaller  than  the  salmon  bricks.  In  England  the  common 
standard  is  894  by  4H  by  aH  in.  Pressed  bricks  or  face-bricks  are  more  uniform 
in  size,  as  most  of  the  numufacturers  use  the  same  size  of  nxold.  The  prevailing 
sizes  for  pressed  bricks  are  8H  by  4\i  by  aH  and  8H  by  4  by  aV4  in.  Pressed 
bricks  are  also  made  iH  in  thick  and  xa  by  4  by  i>i  in»  those  of  the  latter  size  be- 
ing generally  termed  roican  bricks  or  tiles. 

The  WEIGHT  07  BRICKS  varies  considerably  with  the  quality  of  the  clay  from 
which  they  are  made,  and  alao*  of  course,  with  their  size.  Common  bricks 
average  about  4M  lb  each,  and  pressed  bricks  vary  from  5  to  5^  lb  each.  For 
the  STRENGTH  07  BRICKS  and  brickwork,  see  Chapter  V.  The  fire-bricks  are 
Bade  in  various  forms  to  suit  the  required  work.  A  straight  brick  measures 
I  by  4^ i  by  2 H  in  and  weighs  about  7  lb.  To  secure  the  best  results  fire-bricks 
phould  be  laid  in  the  same  clay  from  which  they  are  manufactured, -this  being 
Biixed  with  water  into  a  thin  paste.  The  thinner  the  joint,  the  better  the  wall 
irill  stand  heat.  For  paving-bricks  the  size  and  weight  vary  according  to  the 
bcality  and  to  the  requirements  of  the  specifications.  Former  standards  were, 
9H  by  4  by  8  in,  required  6z  bricks  to  the  square  yard,  on  edge,  and  weighed  7  1I> 
^ch.  Repressed  bricks.  aH  by  4  by  8H  in,  require  58  to  the  square  yard 
ind  weigh  6H  lb  each.  Metropolitan  bricks  were  3  by  4  by  9  in,  required  45 
io  the  square  yard,  and  weighed  9H  lb  each.* 

Lime-Mortar  Bricks.!  General  Doecription.  The  so-called  sand-ldte 
IRJCKS  were  originally  made  of  Hmc  mortar,  molded  in  brick  form  and  hardened 
ty  exposure  to  the  air.  Such  bricks  are  said  to  have  been  largely  used  in  ancient 
fanes,  and  it  is  claimed  that  remains  of  such  materials  are  now  in  evidence  and  ia 
i  good  state  of  preservation.  It  is  known  that  tb^  were  formerly  used  in  Europe 
D  localities  where  other  materials  were  not  readily  available,  and  that  they  have 
leen  used  in  some  localities  in  this  country  during  the  past  thirty-five  years, 
rhe  writer  knows  of  several  houses  in  Haddonfield,  N.  J.,  built  of  such  bricks, 
enerally  with  the  exterior  surfaces  plastered.  One  of  them,  however,  said  to  be 
bout  twenty-five  years  old,  has  not  been  plastered,  and  an  inspection  (191 5) 
hows  the  bricks  to  be  in  an  excellent  state  of  preservation.  Lime-mortar  bricks 
arden  by  the  absorption  of  carbonic-acid  gas  from  the  air.  This  gas  enters 
ito  combination  with  the  lime,  forming  carbonate  of  lime.  The  hardening  proc- 
»s  requires  several  weeks'  exposure  under  cover  and  the  product  has  not  virtues 
[ifficient  to  commend  it  where  other  materials  are  available. 

Sand-Lime  Bricks.  It  was  discovered  in  Germany  about  1875  that  lime- 
K>rtar  bricks  could  be  hardened  in  a  few  hours  under  heat  and  pressure,  and  it 
as  found  later  that  the  chemical  reaction  under  the  new  process  differs  essen- 
aily  from  that  just  described,  and  that  the  percentage  of  lime  can  be  greatly 
xluced.  The  fundamental  principles  of  sand-lime-brick  manufacture  are  now 
>iiimon  property  and  only  the  details  of  the  manufacture  are  patentable, 
and-lime  bricks  were  first  made  in  Germany  about  1880,  and  the  more  extended 
ymmercial  development  of  the  industry  dates  back  in  Europ)e  to  about  1888, 

•  Building  Inspectors'  Pocket-book,  A.  T.  Byrne. 

t  Condensed  from  article  on  Sopd-Lime  Bricks  by  Professor  Thomas  Nolan  in  the  re- 
•ditioo  of  Building  ConstnKtioo.aiid  Superintendence.  Part  I,  Masons'  Work,  by 
£.  Kidder. 
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and  in  this  country,  to  about  1900.    There  are  now  (191 5)  several  factories! 
operation  in  this  country. 

Mantrfacture  of  Sand-Lime  Bridn.  Pure  siHca  sand,  mixed  with  from  5  to 
10%  of  high-calcium  lime  and  a  certain  proportion  of  water,  is  molded  ofider 
very  high  pressure  into  the  form  of  bricks.  These  are  piled  loosely  on  cars  hdd- 
ing  about  1000  bricks  each  and  placed  in  a  steel  cylinder  large  enough  to  kU 
from  10  to  20  cars.  The  cylinder  is  then  closed  and  steam  is  turned  in  and  miis- 
tained  at  a  pressure  of  from  1 20  to  135  lb  to  the  square  inch  for  from  8  to  10  honn^ 
when  the  cylinder  is  opened  and  the  bricks  removed,  ready  for  use.  Tlic  t» 
mendous  pressure,  which  is  said  to  be  100  tons  on  each  brick,  under  which  tis 
bricks  are  formed,  causes  great  density  and  a  bringing  of  the  component  eiemB^ 
into  close  contact.  The  heat  in  the  cylinder  dries  the  brides  and  causes  a  cbeBB- 
cal  reaction  between  the  lime  and  a  portion  of  the  silica,  forming  a  hydrosficatt 
of  lime,  an  insoluble  and  durable  element,  which  bonds  the  remaining  partkks 
of  the  sand  together  and  forms  a  comparatively  strong  cementing  matoial. 
The  small  residue  of  uncombined  lime  combines,  in  the  course  of  time,  dtlxr 
with  silica  or  with  carbonic-acid  gas  from  the  air,  imtil  no  free  lime  remains.  The 
bricks  thus  become  harder  and  stronger  with  age.  In  regard  to  the  constitatiai 
of  sand-lime  bricks,  Edwin  C.  Eckel  sa^'s:*  "It  may  be  safely  assumed  thati 
sand-lime  brick  as  marketed  consists  of  (i)  sand-grains  held  together  by  t  rat- 
work  of  (2)  hydrous  lime  silicate,  with  probably  (if  a  magnesian  Kme  is  tad) 
some  allied  magnesium  silicate,  and  (3)  lime  hydrate  or  a  mixture  of  Kme  tad 
magnesia  hydrates.  These  three  elements  will  always  be  present,  and  the  stnr- 
tural  value  of  the  brick  will  depend  in  large  part  on  the  relative  peroentasc  n 
which  the  sand  and  the  hydrates  occtir." 

Quality  of  Sand-Lime  Bricks.  The  quality  of  the  product  depends  maiolf 
upon  the  selection  and  treatment  of  the  sand  and  the  lime.  Pure  silica  sasi, 
containing  a  large  percentage  of  fine  grains  passing  through  screens  of  from  Soti 
150  mesh,  are  preferable.  Clay  or  kaoHn  are  dangerous  elements  and  shodd  nt 
be  present  in  quantities  of  more  than  5%.  The  lime  should  be,  preferably,  M^ 
calcium  lime,  the  magnesium  silicates  formed  by  impure  limes  not  being  asstrai 
as  calcium  silicates.  Some  manufacturers  use  ready-hydrated  lime,  otiMi 
hydrate  the  lime  themseix'es,  before  mixing  it  with  the  sand,  and  others  giindtlt 
quicklime,  mix  it  with  the  sand  and  slake  it  in  the  sand.  The  other  most  i* 
portant  element  affecting  quality  is  the  press.  After  pressing  and  before  stea» 
ing,  the  bricks  are  very  frai^ie  and  the  press  should  be  such  that  thqrfll 
subjected  to  no  shaking  or  friction  after  the  pressure  is  removed  from  the  mdi 
Vertical  clay-brick  presses  have  been  commonly  used,  but  do  not  appear  to  h 
well  adapted  to  the  purpose.   The  rotary  table-presses  seem  to  be  most  succe!^ 

Tests  of  Sand-Lime  Bricks.  If  the  sand  is  reasonably  clean  and  pure,  and  fhl 
lime  finely  divided,  and  if  the  bricks  are  sound  and  have  a  good  metallic  n4 
they  will  stand  weather-exposure  well.  If  a  brick  stands  in  still  water  for  4 
hour  and  the  moisture  rises  more  than  H  in,  it  is  not  a  first-class  brick;  if  Ik 
moisture  rises  2  in,  its  use  for  facings  is  questionable;  and  if  the  mobture  asi 
3  in,  it  should  not  be  used  on  outside  work  of  any  importance.  Authentic  tc^ 
have  been  made  for  crushing,  fire>resistance,  frost-resistance,  add-resbtance  fli 
absorption,  from  which  it  may  be  concluded  that  under  proper  conifitioasfl 

*  "  The  Productk>n  of  Lime  and  Sand-lime  Brick  in  1906,"  in  the  Govcnment  Rep^j 
dated  1907  and  published  in  1908,  on  The  Mineral  Resources  of  the  United  States  ferd^ 
Calendar  Year,  1906.  j 

t  See,  abo,  Tests  Upon  Sand-Ume  Bricks,  made  by  Ira  H.  Wooboo,  Ncuvemba.  m 
«t  the  Testing  Labocatoiy,  Cohunbia  Uniyexsity,  New  York,  for  The  National  AwdriM 
of  Manufacturers  of  Sand-Lime  Products.  ^ 
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lianufacturt  saod-Ume  bricks  are  produced  having  tlM  {<^owiag  pfagrsical  char- 
kteristics:  Crushing  strength,  avenge,  between  a  500  and  3  000  lb  per  sq  in,  al* 
though  some  specimens  have  shown  over  5  00^  lb  per  sq  in;  modulus  of  rupture, 
average*  about  450  lb  per  sq  in;  fure-resistance,  but  little  inferior  to  that  of  fire- 
ffick;  frost-resistance>  generally  good;  acid-resistance,  superior;  absorption, 
rom  7  to  10%  in  48  hours;  rate  of  absorption,  slower  than  for  day  bricks; 
verage  absorption  for  complete  saturation,  14%;  reduction  of  compressive 
trength  by  saturation  for  abaorption-test,  average  33%.  . 

Speekl  R«pertica  of  Sand'JJiBe  Bricks.  The  bricks  are  square,  straight, 
nifoim  in  size  and  homogeneous  in  composition  and  density.  They  cleave 
ccurately  under  the  stroke  of  the  trowel  and  present  a  weather-surface  with  the 
ood  quiJitks  of  stone.  Th^  can  be  cut,  carved  or  sand-blasted,  are  easily 
fssbed  clean  and  show  no  efflorescence.  These  claims  are  well  established  for 
loperly  manufactured  sand-lime  bricks.  It  should  be  further  stated  that  corn- 
ton  bricks  and  facings  are  made  in  the  same  press,  the  only  difference  being  in 
le  selection  of  the  materials  and  in  the  handling  of  the  raw  bricks.  It  is  there- 
Wt  claimed  that  a  rational  and  homogeneous  exterior  wall-structure  is  possible, 
ice  badungs  and  facings  may  be  built  and  bonded  in  even  courses,  with 
bmish  or  other  ornamental  bonds.  Some  factories,  however,  manufactured, 
l^first,  inferior  bricks  and  care  should  still  be  taken  in  selections  from  their  out- 
Its.  Frequently  the  ordinary  runt  of  sand-lime  bricks  are  not  as  strong  as  the 
|rrage  day  building  bricks  and  some  of  them  are  too  low  in  their  resistance  to 
tet. 

Colon  of  8«n4-Ume  Bricks.  The  natural  color  is  pearl-gray,  varying  in 
ffxntfa  with  the  composition  of  the  sand.  Permanent  colors  are  produced  by 
Ijodudng  mineral  oxides  with  the  raw  materials  in  quantities  varying  accord- 
I  to  the  intensity  of  color  desired;  but  as  the  oxides  are  foreign  materials  in 
i  bricks,  they  affect  the  quality  of  the  latter  in  proportion  to  the  quantity 
5d. 

(blazed  and  Enameled  Bricks.  The  term  glazed  bricks  and  enam- 
ED  BSlCKs  as  commonly  used,  refer  practically  to  the  same  product,  and 
tlier  includes  what  is  known  as  salt-glazed  brick.  The  enameled  or 
zed  brides  are  generally  dipped  or  sprayed  and  then  burned,  whereas  the 
t-glaze  is  obtained  by  the  introduction  of  salt  into  the  fire-boxes  of  kilns 
ile  the  bricks  are  being  burned.  Glazed  or  enameled  bricks  are  generally 
ided  into  two  dasses:   (i)  true  enameled  bricks,  which  have  a  glaze  contain- 

thc  coloring  matter  applied  to  it  without  any  intermediate  slip;  (2)  bricks 
ch  have  a  transparent  glaae  placed  over  a  white  or  colored  slip,  the  slip 
ling  between  the  glaze  and  the  material  to  be  glazed.  Tlie  latter  is  the 
pess  most  used  in  this  country.  Manufacturers  differ  as  to  which  process 
iuces  the  best  bricks  although  it  would  seem*  as  though  the  true  enamd 
lid  not  chip  or  peel  as  readily.  These  bricks  can  be  made  in  a  variety  of 
ITS,  from  white  to  dark  green  or  chocolate,  and  dther  in  a  highly  Glazed 
SXT  or  in  a  dull,  satin-finish,  the  latter  6nish  bdng  quite  desirable  in 
ty  instances  on  account  of  its  doing  away  with  the  glare  6f  the  more  highly 
ed  bricks  or  tiles.  An  enameled  surface  may  be  distinguished  from  a 
ed  surface  by  chipping  off  a  piece  of  the  brick.  The  glazed  brick  will  show 
layer  of  slip  between  the  glaze  and  the  body  of  the  brick;  while  the  enam- 

brick  will  show  no  line  of  demarcation  between  the  body  of  the  brick  and 
enamel.  American  enameled  and  glazed  bricks  are  now  extensively  used 
Llie  exterior  surfaces  of  buildings,  particularly  for  street-fronts  and  light- 
ts,  and  for  interior  side  walls  and  partitions  of  rooms  or  buildings  used  for  a 
t  variety  of  purposes. 
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Si2M  of  Batmeted  Bridn.  Enameled  bricks  are  made  in  two  vegular  siaes:  H 
English  size,  9  by  3-in  enamded  surface,  4H-in  bed,  and  (a)  American  mt,  89t^ 
9H-in  enameled  surface,  4H-in  bed.  The  English-sise  bricks  oost  about  $10  pe 
z  000  more  than  the  American,  but  on  account  of  the  saving  in  the  numba  « 
bricks,  labor  of  lasring  and  mortar  in  joints,  the  former  reaUy  effect  a  savinfo 
about  7  cts  per  sq  ft.  Enameled  bricks  are  made,  also,  with  a  12  by  4)^ 
enameled  surface,  2^-in  bed. 

Cost  of  Enameled  Bricks.*  The  selling  price  of  enameled  bricks  varies  fns 
$75  per  I  000  for  the  American  size  to  $85  for  the  English  size  and  $xoo  for  th 
12  by  4H  by  2H-in  size;  and  at  these  prices  the  cost  of  the  bricks  per  sqnn 
foot  is: 

cts 

American  size,  7  bricks  to  the  foot S2M 

English  size,  5  ^  bricks  to  the  foot 45H 

English  flat,  3H  bricks  to  the  foot 36 

12  by  4H  by  2H-in,  3  bricks  to  the  foot 30 

Colors  of  Enameled  Bricks.  The  standard  colors  carried  in  stock  are  wHti 
cream  and  buff;  other  colors  are  made  to  order. 

EstiinatiBf  Qnantitiaa  and  Coat  of  Brickwork  * 

Methods  of  Calculation.  The  almost  universal  method  of  calculating  tl 
cost  of  brickwork  is  by  estimating  the  number  of  thousands  of  bricks,  wau 
MEASUKE,  and  then  multiplying  by  a  certain  price  per  thousand,  which  b  usoaH 
determined  by  experience  and  which  b  intended  to  include  every  item  affectifl 
the  cost,  and  very  often  the  profit.  All  of  the  commoii  bridiwork  in  any  grit 
building  b  usually  figured  at  the  same  price  per  thousand  bricks,  the  adjustaKC 
for  the  more  expensive  portions  of  the  work  being  made  in  the  mnnn^  of  nietni 
ing.     The  principle  underlying  thb  S3rstem  is  explained  as  follows: 

"  The  plain  dead  wall  of  brickwork  b  taken  as  the  standard,  and  the  am 
difficult,  complicated,  ornamental,  or  hazardous  kinds  of  work  are  measured  u 
to  it  so  as  to  make  the  compensation  equal.  To  illustrate^  if,  in  one  day,  a  m 
can  lay  2  000  bricks  in  a  plain  dead  wall,  and  can  lay  oAly  500  in  a  pier,  axcfa,*< 
chimney-top  in  the  same  time,  the  cost  of  labor  per  thousand  in  such  woct 
four  times  as  much  as  in  the  dead  wall,  and  he  b  entitled  to  extra  compensstioi 
but  instead  of  varying  the  price,  the  custom  b  to  vary  the  measurement  to  coo 
pensate  for  the  difference  in  the  time,  and  thus  endeavor  to  secure  a  uniiof 
price  per  thousand  for  all  descriptions  of  ordinary  brickwork,  infrfcad  of  a  diSc 
ent  price  for  the  execution  of  the  various  kinds  of  work."  f 

Meaauremonti  of  Brick-Qwantitkii.  Plain  walls  are  quite  universally  figo 
at  IS  bricks  to  the  square  foot  of  an  8  or  9-in  wall,  22^  bricks  per  square  fo 
of  a  12  or  i3>in  wail,  30  bricks  per  square  foot  of  a  x6  or  xy-in  waU,  and  r 
bricks  for  each  additional  4  or  4M  in  in  the  thickness  of  the  walL  These  fig* 
are  used  without  regard  to  the  size  of  the  bricks,  the  effect  of  the  latier  bci 
taken  into  account  in  fixing  the  price  per  thousand.  No  deduction  is  made! 
OPENINGS  of  less  than  80  sup  ft,  and  when  deductions  are  made  for  larger  opam 
the  width  b  measured  2  ft  less  than  the  actual  width.  Hoijlow  walls  arc  d 
measured  as  if  solid.    To  the  number  of  bricks  thus  obtained  is  added  i 

*  The  prices  given  are  pre-war  prices. 

t  From  Rules  of  Measurement  adopted  by  the  Brick  Contractors'  Exchanse  of  Dec* 
Col.  — -• 
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i'lneasiirement  for  piers,  chimneys,  arches,  etc.  FootiMos  are  generally  measured 
in  with  the  wall  by  adding  the  width  of  the  projection  to  the  height  of  the  wall. 
Thus  if  the  footings  project  6  in  on  each  side  of  the  wall,  i  f  t  is  added  to  the  actual 
height  of  the  walL  CHmNZY-BREASTS  and  pilasters  are  measured  by  multi- 
i  plying  the  girth  of  each  breast  or  pilaster  from  the  intersections  with  the  wall  by 
the  height,  and  then  by  the  number  of  bricks  corresponding  with  the  thickness  of 
the  projection.  Flues  in  chinmeys  are  always  measured  solid.  Detached 
CHDfKEys  and  cbdiney-tops  are  measured  as  a  wall  having  a  length  equal  to  the 
sum  of  the  side  and  two  ends  of  the  chimney,  and  a  thirknms  equal  to  the  width 
of  the  chimney.  Thus  a  chimney  measuring  3  ft  by  i  ft  4  in  would  be  measured 
as  a  16  or  z7-in  wall,  5  ft  8  in  long.  The  rule  for  independent  piess  is  to 
multiply  the  height  of  each  pier  by  the  distance  around  it  in  feet,  and  consider 
the  product  as  the  superficial  area  of  a  wall  whose  thickness  is  equal  to  the  width 
of  the  pier.  In  practice,  many  masons  measure  only  one  side  and  one  end  of  a 
pier  or  chimney.  Arches  of  common  bricks  over  openings  of  less  than  80  sup  ft 
are  usually  disregarded  in  estimating.  If  the  arch  is  over  an  opening  larger  than 
80  sq  ft,  the  height  of  the  wall  is  measured  from  the  springing-line  of  the  arch. 
No  deduction  is  made  in  the  wall-measurement  for  stone  sills,  caps,  or  belt- 
courses,  nor  for  stone  ashlar,  if  the  same  is  set  by  the  brick-mason.  If  the  ashlar 
is  set  by  the  stone-mason,  the  thickness  of  the  ashlar  is  deducted  from  the  thick- 
ness of  the  wall.  The  sum  of  all  of  these  measurements  represents  a  certain 
lumber  of  thousands  of  bricks,  and  the  whole  is  then  multiplied  by  a  common 
frice  per  thousand,  as  $6,  $8,  $12,  or  $16,  according  to  whatever  the  cost  of  plain 
^ckwork  may  be.  If  the  building  is  to  be  faced  with  pressed  bricks,  the  actual 
bst  of  the  pressed  bricks,  as  nearly  as  it  can  be  computed,  is  added  to  the  esti- 
bated  price  of  the  common  brickwork,  nothing  being  added  for  laying  the  pressed 
(ricks,  nor  an3rthing  deducted  from  the  common-brick  measurement,  the  meas- 
trement  of  the  common  work  displaced  by  the  pressed  bricks  being  assumed  to 
Ifset  the  difference  in  the  cost  of  laying  the  pressed  and  common  brickwork, 
n  arriving  at  the  cost  of  the  pressed  bricks,  the  external  superficial  area  of 
be  walls  faced  with  such  bricks  is  computed,  and  all  openings,  belt-courses,  stone 
ips,  etc.,  are  deducted.  Five-in  stone  sills  are  not  usually  deducted.  If  a  por- 
bn  of  the  wall  is  covered  by  a  porch,  so  that  common  bricks  may  be  used  back 
r  it,  this  space,  also,  is  deducted.  The  net  pressed-brick  surface  is  then  multi- 
Ked  by  6,  6Vi,  or  7  to  obtain  the  number  of  bricks  required,  6H  giving  about 
le  number  of  pressed  bricks  of  the  standard  size  required  to  the  square  foot, 
he  topping  out  of  chimneys.  If  of  face-brick,  is  measured  by  girting  the  chim- 
:ys,  multiplying  by  the  heights,  and  adding  the  sums  to  the  wall-area 

Example.    As  a  simple  example  of  this  system  of  estimating  consider  a  small 

ick  house,  2S  by  32  ft  in  plan,  without  cross-walls,  the  basement-walls  bein^ 

;  in  thick,  with  footings  2  ft  6  in  wide;  the  first-story  walls,  13  in  thick;  the 

cond-story  walls,  9  in  thick;  the  height  of  the  basement-walls  from  the  trench  to 

e  top  of  the  first-story  joists,  8  ft*6  in;  the  height  of  the  walls  from  the  fiist- 

>iy  joists  to  the  top  of  the  second-story  jobts,  10  ft  6  in;  and  from  the  second* 

>iy  joists  to  the  plate,  9  ft. 

tVAix-MjSASUREMENTS.    Bssement-walls:   120  ft  (girth  of  building)  by  9  ft 

in  (height  and  projection  of  footing)  by  22H  bricks  per  square  foot;  'equal  to 

550  bricks. 

^ist-story  waUs:  lao  ft  by  10  ft  6  in  1^  22^  bricks  per  square  foot;  equal 

28  360  bricks. 

Second-story  walls:   120  ft  by  9  ft  by  15  bricks  per  square  root;  equal  to 

200  hricks. 

ropping  out  two  chinmesrs,  each  i  ft  9  in  by  i  ft  5  in  by  14  ft  high  above  roof: 
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2  by  14  ft  by  (i  ft  5  in  plus  i  ft  9  in  i>lus  i  ft  s  in)  by  30  bricks  per  squsre  foot; 
equal  to  3  850  bricks. 

Total  brickwork:  74  960  bricks.    At  $9  per  1 000,  the  cost  is  $674.64. 

Pressed  Bricks.  From  the  grade  to  the  under  side  of  the  plates,  the  vaB 
measures  2a  ft  6  in  and  it  is  to  be  faced  with  pressed  bricks  of  the  standard  size, 
costing  $15  per  i  000.  The  door-openings  and  window-openings  measure  3S4 
sup  ft. 

The  surface  of  pressed  bricks  equab  i3o  by  22^  ft,  equal  to 2  700  sq  ft 

The  deduction  for  openings  is 384  sq  ft 

Area,  after  deduction 2  3x6  sq  ft 

Addition  for  two  chimneys,  2  by  14  by  6  ft  4  in,  equal  to 177  sq  ft 


Total  2  493  sq  ft 

2  493  by  6H  equals  16  204  pressed  bricks,  which,  at  $15  per  i  000  cost,  equal! 

$243. 
The  total  amount  of  the  bid  is  $674.64  plus  $243,  or  $917.64. 

The  above  figures  are  supposed  to  include  the  necessary  lime,  sand,  water, 

scaffolding,  etc.,  required  to  make  the  mortar  and  put  up  the  walls,  and  also  a 

profit  for  the  contractor;   but  anything  in  the  way  of  ironwork,  such  as  tics, 

thimbles,  ash-doors,  etc.,  are  figured  as  additions  to  this  amount. 

Detailed  Estimates  of  Brickwork.  In  estimating  by  the  above  method,  the 
price  per  thousand  is  to  some  extent  a  matter  of  guesswork,  and  while  an  expe 
rienced  contractor  may  perhaps  make  as  accurate  an  estimate  by  this  methods 
is  possible  by  any,  yet  it  is  often  necessary  to  estimate  the  work  in  detail;  aad 
even  when  the  work  has  been  estimated  as  above,  it  is  necessary  for  the  om- 
tractor  to  know  how  many  bricks  and  how  much  sand  and  lime  will  be  required 
to  do  the  work.    The  following  data  will  assist  in  making  such  detailed  estimarrs 

With  the  size  of  bricks  used  in  the  Western  States,  from  16H  to  X7H  comnuo 
bricks  are  required  to  the  cubic  foot  after  deducting  openings,  and  figuring  the 
thickness  of  walls  at  8,  12,  16,  20  in,  etc.,  the  actual  number  of  bricks  reqiurcd 
will  run  about  two-thirds  of  the  wall-measure  when  the  openings  are  of  abosi 
the  average  number  and  size. 

The  number  of  pressed  bricks  will  be  about  6  or  6Vi  bricks  to  the  foot,  ifta 
deducting  openings. 

To  lay  I  000  common  bricks,  kiln-count,  requires  2M  bushels  or  200  lb  of  w\SH 
lime  and  H  cu  yd  of  sand.  For  a  good  lime-and-cement  mortar*  allow  2  busbeis 
of  lime,  I  bbl  of  cement  and  H  cu  yd  of  sand.  For  i  :  3  cement-and-sand 
mortar,  allow  iH  bbl  of  cement  and  H  cu  yd  of  sand,  or  one-half  a  load. 

To  lay  I  000  pressed  bricks  with  buttered  joints  will  require  2  bushels  of  Sai 
(160  lb)  and  M  cu  yd  of  sand;  with  spread  joints,  from  2  to  2H  bushels  of  Ga 
and  from  H  to  Vi  cu  yd  of  sand. 

If  colored  mortar  is  used,  about  $1  per  i  000  bricks  should  be  added  for  tk 
mortar-color. 

A  brick-mason,  working  on  a  city  job  under  a  good  foreman,  will  lay,  00  fl 
average,  60  pressed  (face)  bricks  per  hour,  and  from  150  to  175  common  bridB 
per  hour,  160  being  a  f^  average.  In  country  towns  the  average  is  nearer  iS 
per  hour. 

With  wages  at  62^  cts  per  hour  for  masons,  3xH  cts  for  hod-carriers,  and  51S 
cts  for  mortar-mixers  and  carriers,  sand  at  60  cts  per  cu  yd,  and  lime  at  40^ 
per  bushel  of  80  lb,  brick*maaons  in  Denver  state  that  the  average  cost  of  lavit 
common  bricks  in  z2-in  walls  is  about  $6  per  z  000,  kiln-oount,  and  of  hfi^ 
Oressed  bricks  about  $to  per  i  ooa 
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For  common  brickwork,  one  helper  will  be  required  for  every  mason,  and  on 
9-10  waUs,  faced  with  pressed  bricks,  one  helper  to  every  two  masons.  In  build- 
jng  common-brick  fireplaces  and  chimneys  one  mason  and  helper  will  lay  about 
600  bricks  in  a  day  of  nine  hours. 

As  a  rule,  chimneys  built  of  common  bricks  and  with  4-in  walls  cost  about  50 
cts  per  running  foot,  in  height,  for  single  fluea^  and  90  cts  for  double  flues. 

Sptce  Required  for  Piling  Bricks.  One  thousand  bricks  dosely  stacked 
occupy  about  56  cu  ft  of  space.  One  thousand  old  bricks,  cleaned  and  loosely 
stacked,  occupy  about  72  cu  ft. 

A  brick-layer's  hod  measures  21  by  7  by  7  in,  and  will  hold  18  bricks. 

A  mortar-hod  measures  24  by  12  by  12,  and  12  in  across  the  top. 

Mortar-Colors  are  usually  in  the  form  of  dry  powders,  or  of  pulp  or  paste. 
The  powcjcrs  are  put  up  in  barrels,  the  nimiber  of  pounds  to  the  barrel  and  price 
per  pound  being  about  as  follows: 

Red,  in  500-Ib  barrels,  dry from  iH  to  2     cts  per  lb 

Brown,  in  4$o-lb  barrels,  dry '. from  i^  to  2H  cts  per  lb 

BuS,  in  400-lb  barrels,  dry from  i^  to  2H  cts  per  lb 

Black,  in  z  ooo-lb  barrels,  dry from  3     to  3H  cts  per  lb 

For  lots  of  less  than  full  barrels  an  extra  charge  is  sometimes  made  for  packing 
and  drayage. 
In  pulp  or  paste-form: 

Red,  brown  and  buff i94  cts  per  lb 

Black 3     cts  per  lb 

All  other  cok>rs 2     cts  per  lb 

Colors  in  paste-form  can  be  obtained  in  casks,  barrels,  half-barrels  and  kegs, 
tn  (except  black  and  buff)  weighing,  in  casks,  900  lb;  in  barrels,  550  lb;  and  in 
balf-barrels,  375  lb.  The  buff  weighs,  in  casks,  700  lb;  in  barrels,  450  lb;  and  in 
kalf'barrels,  300  lb.  Black  weighs,  in  barrels,  450  lb;  and  in  half-barrels,  275  lb. 
Vo  color  the  mortar  for  laying  r  000  bricks  with  H-in  joints  requires  about  50 
b  of  red,  terra-cotta  color,  amber,  fern-green  and  salmon;  40  lb  for  buff,  brown, 
olonial  drab  or  French  gray;  and  25  lb  for  black.  For  wider  joints,  a  larger 
[uan6ty  of  stain  must  be  used.  For  paste-colors  an  average  mixture  is,  1 
tucket  of  paste-color  to  7  buckets  of  mortar  for  brickwork  with  H-'m  joints. 
Hien  the  colors  are  in  the  form  of  dry  powder  they  are  first  mixed  with  dry 
Etnd,  the  cold  slaked  lime  is  then  added  and  again  mixed  thoroughly.  It  is  very 
nportant  that  the  color  be  uniformly  mixed.  If  it  is  not  added  at  first,  but  left 
ntil  the  mortar  is  made,  the  labor  of  mixing  is  doubled.  The  more  thorough 
le  mixing  the  less  color  is  required.  Mortar  colors  should  never  be  mixed  with 
ot  lime.  When  the  color  is  in  the  form  of  a  pulp  or  paste,  it  should  be  thor- 
ighly  hoed  in,  in  order  to  seciye  a  uniform  and  smooth  shade.  For  very  fine 
ressed  bricks,  the  stained  mortar  should  be  strained  through  a  coarse  sieve. 

Efflorescence  on  Brickwork.  A  white  efflorescence  often  appears  on 
ickwork,  especially  in  moist  climates  and  damp  places.  It  may  spread  over 
rge  areas  of  the  wall-siuiace  although  originating  in  the  mortar  joints.  Solu- 
e  salts,  principally  of  soda,  potash  and  magnesia,  in  the  cement  or  lime  mortar, 
e  ciissolved  by  the  water  absorbed  by  the  mortar  and  later  precipitated  on  the 
rfaxre  of  the  brickwork  as  a  white  deposit,  when  the  water  evaporates.  This 
posit  seems  to  be  greater  with  the  natural  than  with  the  Portland-cement  mor- 
rs  and  still  heavier  with  lime  mortar.  The  origin  of  the  effloresence  may  be  in 
B  bricks  themselves  as  well  as  in  the  mortar  used.  This  is  the  case  when  the 
Icics  are  made  from  days  containing  iron  pyrites  or  burned  with  suIpfannKtf 
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coal.  Moisture  in  such  brides  tends  to  dissolve  the  sulphate  of  magnrsli  aad 
sulphate  of  lime,  which,  in  the  evaporation  of  the  water,  are  deposited  on  Ibe 
surface  as  crystals  of  these  salts.  Efflorescence  may  r^ult,  also,  from  water 
impregnated  from  the  mortar,  absorbed  by  the  bricks  and  then  evaporated, 
leaving  the  whitish  deposits;  and  it  is  sometimes  caused  by  adulteratioas  a 
certain  mortak-<x)L0R8.  As  a  PKE\'ENtivE,  General  Gilmore  reoommcnded  the 
addition  to  every  500  lb  of  the  cement  powder,  100  lb  of  quicklime,  and  from  8 
to  12  lb  of  any  cheap  animal  fat,  whirh  is  to  be  thoroughly  incorporated  witk 
the  quicklime  before  the  latter  is  slaked,  preparatory  to  adding  it  to  the  cefoeat 
The  alkaline  salts  tend  to  be  saponified  by  the  fat.  This  is  not  an  eBtirdy 
satisfactory  treatment,  and  as  a  rule  it  only  partly  prevents  or  reoioves  the 
objectionable  deposits;  and  this  addition  to  the  cement  retards  its  setting  and 
somewhat  diminishes  its  strength.  It  is  claimed  by  some  that  boiled  linseed- 
oil,  applied  to  brickwork  in  two  coats,  will  lessen  the  absorption  of  moisture  for 
from  one  to  three  years  and  thus  lessen  the  tendency  to  efflorescence.  It  is 
usually  mixed  in  the  proportion  of  2  gal  of  oil  to  300  lb  of  dry  cement,  either  with 
or  without  lime;  but  it  is  injured  by  the  mortar  and,  like  the  fat,  retards  the 
setting  of  the  cement  mortar  and  weakens  it.  In  order  to  diminish  the  ch«iwT< 
of  efflorescence  on  brickwork,  the  walls  should  be  made  as  hcpesvioits  as  poasibfe 
by  laying  the  bricks  in  a  rich  well-mixed  Portland-cement  mortar  and  fiUiog  all 
joints  full  and  solid.  If  the  building  is  on  damp  ground,  carefully  constructed 
DAMP-PROOF  COURSES  of  the  proper  materials  should  be  built  into  the  waJIs  or  a 
course  of  horizontal  joints  near  the  bottom  of  the  walls  should  be  waterproofo. 
Reasonably  hard  bricks  should  be  used  for  facing,  projections  and  exposed  top 
surfaces  waterproofed  and  provided  with  drips,  and  the  roof,  cornice  and  gnttos 
made  water-tight.  When  efflorescence  is  due  to  the  penetration  of  rain-water  or 
moisture  into  the  brickwork  and  it  is  required  to  preserve  the  texture  and  cokr 
of  the  work,  the  surface  may  be  coated  with  preparations  of  paraxtiks  or  with 
various  patented  waterproofing  mixtures.  The  preparations  containing 
paraffine  are  usually  applied  hot,  and  the  walls,  also,  are  heated  by  portable 
heaters  previous  to  the  application.  They  give  fairiy  good  results,  but  aie 
quite  expensive,  owing  to  the  time  and  labor  required  for  their  applicatkn. 
Brick  walls  may  be  rendered  imper\aous  to  moisture  by  washes  applied  by  the 
Sylvester  process.  These  washes  consist  of  an  alum-solxhion  made  by  dis- 
solving I  lb  of  alum  per  gallon  of  water,  and  a  soap-solution  made  by  (tissolvinc 
2  H  lb  of  pure  hard  soap  per  gallon  of  water.  The  brick  walls  should  be  dry  and 
clean  and  it  is  reconmiended  that  they  should  not  be  colder  than  50°  F. 
soap-wash  is  made  boiling  hot  and  then  applied  to  the  brickwork.  The  ti 
perature  of  the  alum-solution  is  usually  from  60^  to  70^  F.  when  put  on. 
wash  is  applied  and  allowed  to  dry  for  about  24  hours,  after  which  the  other  wash 
is  put  over  it.  When  aluminium  sulphate,  improperly  called  alum,  is  substi- 
tuted for  the  alum,  the  cost  of  the  wash  is  less,  only  two-thirds  as  much  sulphate 
as  alum  is  required  and  the  results  are  better. 

LIME* 

Nature  and  Properties  of  Lime.  Chemically,  lime  is  calcium  oxide.  Used 
in  a  broader  sense,  it  is  the  class-name  of  a  great  variety  of  products  maxxi»- 
factured  by  the  calcination  of  limestone.  Limestone  consbts  of  the  carbcMiatcs 
of  calcium  and  magnesium  which  vary  widely  in  their  ratio  to  each  other. 
limestones  used  in  the  manufacture  of  lime  products  may  be  divided  into  V 

*  Valuable  practkal  data  rdatmg  to  lime  and  plaster  has  been  foiiiiriied  by  the 
Wancr  ComDany,  of  Wihniogton,  DeL 
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classes,  calcixtm  ldiestones  and  dolomitic  limestones.    High-caldum  lime- 
stones contain  only  a  relatively  low  percentage  of  magnesium  carbonate,  while 
dolomitic  limestones  contain  a  considerable  amount  of  it.    Dolomitic  limestone 
usually  corresponds  roughly  to  the  theoretical  formula  of  dolomite  (CaCOs) 
(MgCQi).   The  calcinaikm^  of  limestone  consists  of  heating  to  expel  the  carbon 
dioxide.    The  product  resulting  from  calcination  of  limestone  is  known  as 
QUICKLIME  and  possesses  great  affinity  for  water.    Slaking  is  the  process  of 
adding  water  to  quicklime.    During  the  process  of  slaking,  heat  is  energetically 
evolved  and  much  of  the  water  driven  off  in  the  form  of  steam.    During  this 
slaking  process,  also,  high-caldum  quicklimes  must  be  agitated  and  stirred  con< 
tinually  or  a  portion  will  fail  to  receive  the  proper  quantity  of  water  and  will 
contain  unslaked  partides  which  are  likely  to  slake  after  being  used  in  the  work, 
causing  POPPorG,  pitting  and  disintegration.    Dolomitic  limes  do  not  slake  so 
energetically,  and  while  th^r  should  be  stirred  while  slaking,  this  is  not  so  neces^ 
aaiy  as  with  high-caldum  limes.    Either  class  of  quicklime,  through  faulty  manu- 
facture, is  likdy  to  contain  over-burned  portions  which  slake  with  difficulty  and 
may  cause  popping,  etc.,  if  the  lime-paste  is  not  carefully  screened  before  use. 
The  SETTING  and  hardening  of  common  lime  mortar  is  due,  first,  to  the  drying 
put  and,  secondly,  to  the  absorption  of  carbon  dioxide  from  the  atmosphere  and 
the  formation  of  crystab  of  caldum  carbonate  to  which  the  strength  of  the  mor- 
tar is  ascribed.    In  the  manufacture  and  use  of  common  lime  mortar,  therefore, 
^he  raw  material,  limestone,  is  first  caldned,  and  the  carbon  dioxide  expelled;  it 
s  then  slaked  with  water  and  forms  caldum  hydroxide,  in  which  the  water  is 
^dually  replaced  by  carbon  dioxide.    The  lime  thus  eventually  returns  to  its 
(liginal  carbonate  form.    As  far  as  the  ultimate  result  is  concerned,  there  is 
lenerally  little  difference  between  high-caldum  and  dolomitic  quicklimes. 
)wing  to  greater  familiarity  with  one  or  the  other  of  the  classes  of  lime,  archi- 
ects  and  builders  in  certain  sections  of  the  country  prefer  one  to  the  other. 

Sp«ciflcatio]it  for  Quicklime.  The  lime  industry  has  in  recent  years  been 
xade  the  subject  of  careful  study  and  the  following  dauses  give  the  various 
Bquirements  of  Standard  Spedfications  for  Quicklime  adopted  by  the  American 
odety  for  Testing  Materials  in  191 5. 

1.  Definition.  Quicklime  is  a  material  the  major  part  of  which  is  caldum 
ride  or  caldimi  and  magnesium  oxides,  which  will  slake  on  the  addition  of  water. 

2.  Grades.    Quicklime  is  divided  into  two  grades: 

(a)  Selected.  Shall  be  well-burned,  picked  free  from  ashes,  core,  clinker  or 
:her  foreign  material. 

(b)  Run-of-Kiln.    Shall  be  well-burned,  without  selection. 

3.  FORifS.    Quicklime  is  shipped  in  two  forms: 
(a)  Lump.    Shall  be  kiln-size. 

{b)  Pulverized  Lime.    Lump  lime  reduced  in  size  to  pass  a  K*in  screen. 

4.  Classes.  Quicklime  is  divided  into  four  classes:  (a)  High-Caldum;  (b) 
ilcium;    (c)  Magnesian;  {d)  High-Magnesian. 

5.  Basis  or  Purchase.  The  particular  grade,  form  and  class  of  quicklime 
sired  shall  be  spedfied  in  advance  by  the  purchaser. 

L    Chemical  Properties  and  Tests 
(A)  Sampling 

).  LncB  TS  Btjlk.  When  qmckiime  is  shipped  in  bulk,  the  sample  shall  be  so 
:en  that  it  will  represent  an  average  of  all  parts  of  the  shipment  from  top  to 
:tom,  and  shall  not  contain  a  disproportionate  share  of  the  top  and  bottom 
ers,  wbich  are  most  subject  to  changes.  The  samples  shall  comprise  at  least 
shovelfuls  taken  from  different  parts  of  the  shipment.    The  total  sampla 
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taken  shall  weigh  at  least  loo  lb  and  shall  be  crushed  to  pass  a  i-in  ring  asd 
quartered  to  provide  a  15-lb  sample  for  the  laboratory. 

7.  Lime  in  Barrels.  When  quicklime  is  shipped  in  barrels,  at  least  3^  of 
the  number  of  barrels  shall  be  sampled.  They  shall  be  taken  from  various  parts 
of  the  shipment,  dumped,  mixed  and  sampled  as  specified  in  Section  6. 

8.  Laboratory  Samples.  All  samples  to  be  sent  to  the  laboratory  shall  be 
immediately  transferred  to  an  air-tight  container  in  which  the  unused  portb 
shall  be  stored  till  the  quicklime  is  finally  accepted  or  rejected  by  purchaser. 

(B)  Chemical  Testa 

9.  Chemical  Properties,  (a)  The  classes  and  diemical  properties  of  quid- 
Kme  shall  be  determined  by  standard  methods  of  chemical  analysis.  «*) 
Samples  shall  be  taken  as  specified  in  Sections  6,  7  and  8.  (c)  Quicklime  slnB 
conform  to  the  following  requirements  as  to  chemical  compoatton: 

Chemical  Composexiqm 


Properties  considered 


Calcium  oxide,  per  cent. . 
Magnesium  oxide*  per  ct . 

Calcium  oxide  phis  mag- 
nesium oxkle,  min,  per 
cent 

Carbon  dioxide,  mtf,  per 
cent 

Silica  plus  alumina  plus 
oxide  of  iron,  max,  per 
cent 
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Higit- 
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10.  Percentage  of  Waste.  An  average  5-lb  sample  shall  be  put  into  a  b« 
and  slaked  by  an  experienced  operator  with  sufl&cient  water  to  produce  the 
maximum  quantity  of  lime  putty,  care  being  token  to  avoid  burning  or  dro««- 
ing  the  lime.  It  shall  be  allowed  to  stand  for  34  hours  and  then  washed  throo^ 
a  2o-mesh  sieve  by  a  stream  of  water  having  a  moderate  pressure.  No  mateml 
shall  be  rubbed  through  the  screens.  Not  over  3%  of  the  weight  of  the  sekctrf 
quicklime  nor  over  5%  of  the  weight  of  the  run-of-kihi  quicklime  shall  be 
retained  on  the  sieve.  The  sample  of  lump  lime  taken  for  this  test  shaBje 
broken  so  that  all  of  it  will  pass  a  i-in  screen  and  be  retained  on  a  H-in  screes- 
Pulverized  lime  shall  be  tested  as  received. 

QL  XiicpeetiMi  tad  Rejectioa 

11.  Inspection,     (a)  AU  quicklime  shall  be  subject  to  inspectioii. 

(b)  The  quicklime  may  be  inspected  either  at  the  place  of  maaufacture  or  tie 
point  of  delivery,  as  arranged  at  time  of  purchase. 

(c)  The  inspector  representing  the  purchaser  shall  have  free  entiy,  at  all  tins 
white  work  on  the  contract  of  the  purchaser  is  being  performed,  to  aM  !»?* 
the  manufacturer's  works  which  concern  the  mamilacture  of  the  quickB* 
ordered.  The  maitufactuier  sh*!!  afford  the  inspector  all  zeatonable  facflfe* 
for  inspection  and  sampling,  which  shall  be  so  conducted  as  not  tx>  antofeie  o- 

T.rily  with  the  operation  of  the  works. 
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id)  The  purchaser  may  make  the  tests  to  govern  the  acceptance  or  rejection 
of  the  quickiime  in  his  own  laboratory  or  elsewhere.    Such  tests,  however,  shall 
■  be  made  at  the  expense  of  the  purchaser. 

12.  RfijEcnoN.  Unless  otherwise  specified,  any  rejection  based  on  failure 
to  pass  tests  prescribed  in  accordance  with  these  specifications  shall  be  reported 
within  five  days  from  the  taking  of  samples. 

13.  Rehearing.  Samples  which  represent  rejected  quicklime,  shall  be  pre* 
served  in  air-tight  containers  for  five  days  from  the  date  of  the  test-report.  In 
case  of  dissatisfaction  with  the  results  of  the  tests,  the  manufacturer  may  make 
claim  for  a  rehearing  within  that  time. 

Hydrated  Lime.  The  slaking  of  quicklime  is  an  operation  which  is  almost 
invariably  carried  on  by  laborers  who  have  little  or  no  conception  of  the  impor- 
tance of  their  task.  As  a  result,  many  failures  have  been  charged  to  lime  in  the 
past  which  actually  were  due  to  improper  preparation  during  the  slaking  opera- 
tion. The  new  product  known  as  hydrated  hue  has  been  offered  widely  to  the 
trade  in  recent  years  and  has  met  with  much  success.  Hydrated  lime  is  a  dry 
ilocculent  powder  resulting  from  the  slaking  of  quicklime  by  mechanical  means, 
with  an  amount  of  water  which  is  sufficient  to  satisfy  the  calcium  oxide,  but 
insufficient  to  make  a  paste  or  putty.  Hydrated  lime  is  manufactured  in  me- 
dianical  hydrators  in  which  the  batches  of  quicklime  and  water  used  are  carefully 
proportioned  by  weight.  After  passing  irom  the  faydrator,  hydrated  lime  is 
labjected  to  a  mechanical  system  of  separation  which  eliminates  the  coarse  or 
Knpure  particles  which  may  cause  popping,  etc.  Hydrated  lime  is  sold  in  bags  of 
lefinite  weight  and  requires  only  to  be  mixed  with  sand  and  water  to  make  the 
Dortar.  The  bags  have  usually  been  made  of  heavy  burh^  or  duck  cloth,  con- 
aining  100  Ib»  or  of  paper,  containing  40  lb.  Several  of  the  more  prominent 
nanufacturers  of  hydrated  lime  in  the  United  States  employ  chemists  who 
egularly  superintend  the  manufacture  of  hydrated  lime,  just  as  the  chemists  in 
^ortland-cement  factories  superintend  the  proportioning  of  the  raw  mix  going 
o  the  kilns  to  be  burned  for  Portland  cement.  The  hydrated  lime  manufac- 
ured  under  such  chemical  supervision  is  a  reliable  product  free  from  tendencies 
rhich  might  give  rise  to  popping,  pitting  or  disintegration.  Hydrated  lime  of 
ood  quality  may  be  used  for  almost  any  purpose  for  which  lime  mortar  is  used, 
ad  is  by  some  considered  a  more  reliable  product  than  quicklime.  Among  the 
ewer  uses  for  hydrated  lime  may  be  mentioned  its  employment  in  cement  mor- 
trs  and  concrete.  An  addition  of  about  15%  of  hydrated  lime  to  cement 
tortar  or  concrete  decreases  its  permeability  to  water,  reduces  the  cracking 
lie  to  shrinkage,  etc.,  and  increaaes  the  plasticity  of  the  moctar  or  concrete, 
lus  preventing  separation  of  the  sand,  stone  and  cement  and  causing  the  mix- 
ire  to  flow  and  fill  the  forms  more  readily.    (See  Macgregor  testa,  page  276.) 

Specifications  for  Hydrated  lime.  The  foUowing  clauses  give  the  various 
quirements  of  Standard  Specifications  for  Hydrated  Lime  adopted  by  the 
nerican  Society  for  Testing  Materials  in  191 5. 

I.  Definition.  Hydrated  lime  is  a  dry  flocculent  powder  resulting  from  the 
'dration  of  quicklime. 

3.  Classes.     Hydrated  lime  is  commerdally  divided  into  foor  classes:   (a) 
gfh-Caldum;  (,b)  Calcium;  (c)  Magnesian;  \d)  High-Magnesian. 
3.  Basis  of  Purchase.    The  particular  type  of  hydrated  lime  desired  shall 
specified  in  advance  of  purchase. 

I.  Chemical  Prapertles  aatf  Teste 

$,  Sampling.  The  sample  shall  be  a  fair  average  of  the  shipment.  Three  per 
It  of  the  padcages  shall  be  sampled.  The  sample  shall  be  taken  from  the 
fa4X  to  the  center  of  the  package.    A  24b  sample  to  be  sent  to  the  laboratory 
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shall  immediately  be  transferred  to  an  air-tight  container,  in  which  the  unused 
portion  shall  be  stored  until  the  hydrated  lime  has  been  finally  accepted  or  ie> 
jected  by  the  purchaser. 

5.  Chemical  Properties,  (a)  The  classes  and  chemical  properties  of  hy- 
drated lime  shall  be  determined  by  standard  methods  of  chemical  analysis,  (b) 
The  non-volatile  portion  of  hydrated  lime  shall  conform  to  the  foUowins 
ments  as  to  chemical  composition: 
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6.  Fineness.  A  loo-g.  sample  shall  leave  by  weight  a  residue  of  not  over 
5%  on  a  standard  loo-mesh  sieve  and  not  over  0.5%  on  a  standard  30-mesii 
sieve. 

7.  Constancy  of  Volume.  Hydrated  lime  shall  be  tested  to  determine  its 
constancy  of  volume  in  the  following  manner:  Equal  parts  of  hydrated  Kh^ 
under  test  and  volume-constant  Portland  cement  shall  be  thorou£;h]y  mixed 
together  and  gauged  with  water  to  a  paste.  Only  sufficient  water  shall  be 
used  to  make  the  mixture  workable.  From  this  paste  a  pat  about  3  in  in  diaia- 
eter  and  \i  in  thick  at  the  center,  tapering  to  a  thin  edge,  shall  be  made  oa  a 
clean  glass  plate  about  4  in  square.  This  pat  shall  be  allowed  to  harden  24 
hours  in  moist  air  and  shall  be  without  popping,  checking,  cracking,  warping 
or  disintegration  after  5  hours'  eziwsure  to  steam  above  boiling  water  in  a 
loosely  dosed  vessel. 

UL   Packing  and  Marking 

8.  Packing.  Hydrated  lime  shall  be  packed  either  in  doth  or  paper  Kng^ 
and  the  weight  shall  be  plainly  marked  on  each  package. 

9.  Marking.  The  name  of  the  manufacturer  shall  be  legibly  marked  or 
tagged  on  each  package.     . 

IV.   Inspection  and  Reijection 

10.  Inspection,    (a)  All  hydrated  lime  shall  be  subject  to  inspection. 

ifi)  The  hydrated  lime  may  be  inspected  either  at  the  place  of  mannfactnre 
or  the  point  of  delivery,  as  arranged  at  the  time  of  purchase. 

{c)  The  inspector  representing  the  purchaser  shall  have  free  entry,  at  all  times 
while  work  on  the  contract  of  the  purchaser  is  being  performed,  to  all  parts  of  the 
manufacturer's  works  which  concern  the  manufacture  of  the  hydrated  Ease 
ordered.  The  manufacturer  shall  afford  the  inspector  all  reasonable  facifities 
for  inspection  and  sampling,  which  shall  be  so  conducted  as  not  to  interfere  n»- 
necessarily  with  the  operation  of  the  works. 

id)  The  purchaser  may  make  the  tests  to  govern  the  acceptance  or  lejecliBa 
oi  ^he  hydrated  lime  in  his  own  laboratory  or  dsewhere.    Such  tests,  howevvK 
tnade  at  the  expense  of  the  purchaser. 
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XI.  Rejection.  Unkss  otherwise  specified,  any  rejection  based  on  failure  to 
pass  tests  prescribed  in  these  specifications  shall  be  reported  within  five  working 
days  from  the  taking  of  samples. 

la.  Reheakino.  Samples  which  represent  rejected  hydrated  lime  shall  be 
preserved  in  air-tight  containers  for  five  days  from  the  date  of  the  test-report. 
In  case  of  dissatisfaction  with  the  results  of  the  tests,  the  manufacturer  may 
make  claim  for  a  rehearing  within  that  time. 

Alca  lime*  A  recent  devebpment  in  the  lime  industry  is  Alca  Lime.*  This 
is  a  matenal  said  to  combine  the  plasticity  and  sand-carrying  qualities  of  lime 
mortar  with  the  strength,  hardness  and  quicker  set  of  the  gypsum  plasters. 
It  is  composed  of  approximately  85%  of  hydrated  lime  and  15%  of  a  specially 
prepared  material  containing  alumina  and  silica  in  such  proportions  as  to  com- 
bine, forming  bodies  which  greatly  contribute  to  the  strength,  hardness  and 
plasticity  of  the  product.  It  is  sold  in  loo-lb  packages  and  requires  only  to  be 
Biixed  with  sand  and  water  before  use.  When  used  for  plastering,  it  has  the 
diaracteristics  of  lime  mortar,  and  while  it  becomes  hard  and  strong,  it  is  claimed 
^t  it  is  free  from  the  so<alled  sounding-boaid  effects  noticed  in  some  hard-wall 
;>Iasters.  It  is  not  injured  by  water  and  is  often  used  for  outside  stucco-work 
ind  also  as  a  brick-laying  mortar  in  place  of  lime  mortar  gauged  with  Portland 
iement.  The  manufacturers'  directions  for  the  use  of  Alca  Lime  should  be  care- 
ully  observed,  and  this  may  be  said  of  all  prepared  plastering  or  cementing 
naterials. 

Useful  Data  on  QuickUine.  Quicklime  b  shipped  either  in  barrels  or  in  bulk, 
n  dry  climates  it  will  keep  for  a  long  time  in  bidk,  but  in  damp  climates  and 
long  the  coast  it  soon  slakes  unless  enclosed  in  barrels.  By  Act  of  Congress^ 
Lugust  23, 1916,  it  is  required  that  lime  in  barrels  shall  be  packed  only  in  barrels 
ontaining  280  lb  or  180  lb,  net  weight.  When  shipped  in  bulk  it  is  generaUy 
[>ld  by  the  bushel  of  80  lb,  aVi  busheb  or  280  lb,  net,  of  lime  being  considered 
s  equivalent  to  a  large  barrel.  Other  weights  are  x 80  lb,  net,  per  small  barrel, 
nd  64  lb  per  cu  ft.  The  average  yield  of  ume-paste  from  the  best  Eastern 
mes  has  been  found  to  be  2.62  times  the  bulk  of  unslaked  lime.  A  barrel  of 
Dod  quality  well-burned  lime  should  make  8  cu  ft,  or  20  pails,  of  lime-paste  or 
utty.  Careful  experiments  conducted  by  United  States  engineers  have 
emonstrated  that  the  best  mortar  is  obtained  by  mixing  one  part  of  lime  paste 
>  two  parts  of  sand. 

Cements.    For  data  on  cements,  see  Chapter  III. 

SAND  AND  GRAVEL 

Sand  is  obtained  from  banks  or  pits,  from  river-beds  and  from  the  seashore. 
It-sand  or  bank-sand,  free  from  clay  or  earthy  materials,  is  generally  considered 
lie  best  for  mortar,  although  excellent  sand  is  often  obtained  from  river-beds, 
ea-sand  contains  alkaline  salts  which  attract  and  retain  moisture  and  which, 
nless  thoroughly  washed,  cause  efflorescence  when  used  in  brickwork.  Both 
a-sand  and  river-sand  have  more  or  less  rounded  grains,  to  which  lime  or  cement 
ill  not  adhere  as  well  as  to  sharp,  angular  grains.  Both  are  extensively  used, 
»wever,  for  lack  of  better  materials.  The  use  of  sand  in  mortar  is  to  prevent 
uressive  shrinkage  and  to  save  the  cost  of  lime  or  cement.  Sand,  when  used  in 
le  proportion  of  i  :  2,  strengthens  lime  mortar,  but  any  additk>n  of  sand  to 
ment  weakens  it. 

Screening  Sand.     Sand  for  mortar  must  ordinarily  be  screened.    Sand  for 
own  mortar  for  plastering  or  common  brickwork  is  ordinarily  run  through  a 

*  This  is  a  patented  artkle  and  is  offered  for  sale  by  many  Ucensis  in  the  United  States 
der  the  fi|^affc^^m^  pflt^ntft 
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No.  4  screen  having  4  by  4  meshes  to  the  inch.    For  smd  finidi  and 
pressed  brickwork,  either  a  No.  10  or  a  No.  1 2  screen  with  10  by  10  or  xa  bgpj 
meshes  to  the  inch  is  commonly  used.     For  rabble  stonewock  the  sand 
ordinarily  screened,  unless  it  coittains  mudi  gravel,  in  which  case  it  shooUl 
screened  through  a  ^in  mesh. 

Weight  of  Send.    Dry  sand  weighs  from  80  to  115  lb  per  cti  ft.     The 
age  weight  of  damp  (not  wet)  sand  is  about  96  lb  per  cu  ft,  or  about  2  600 1 
per  cu  yd.    The  voids  for  ordinary  sand  range  from  0.3  to  0.5  of  the  vuiung, 
average  for  screened  sand  suitable  for  mortar  being  0.35  of  the  voItuk. 
more  uneven  the  grains  in  siae  the  smaller  the  percentage  of  the  voids. 
one-horse  kiad  of  sand  contains  about  22  cu  ft.    Two-horse  loads  vary 
I  Vi  to  2  yd.    The  amount  hauled  per  load  in  the  larger  dties  is  generaQy 
by  the  Team  Owners'  Association.    iK  yd  is  a  fair  load,  t}4  yd  a  good 
and  2  yd  a  huge  load. 


LATHING  AND  PLASTERING 

Wooden  Laths  should  be  wdl  seasoned,  free  from  sap,  baik  and  dead 
Bark  on  laths  is  quite  sure  to  stain  the  plaster.  White  pine  is  generally  coo* 
sidered  the  best  wood  for  laths,  although  spruce  and  hemlock  laths  are  nuA, 
used.  Hard  pine  is  not  a  good  material,  as  it  contains  too  much  pitch.  Tie 
regular  size  of  laths  is  Min  by  i  Vi  in  by  4  ft.  The  width  and  thickness  vary  sons- 
what  in  different  mills.  There  is  a  new  lath  on  the  market,  which  is  only  32  k 
long  and  which  costs  from  $1.75  to  $a  less  than  the  48-in  lengths.  Laths  as 
sokl  by  the  thousand,  in  bimches  containing  100  laths,  from  I4.50  to  $5.50  be- 
ing about  the  average  prices.    (Pre-war  prices.) 

Metal  Lathing.    (See  Chapter  XXm,  pages  8S3  to  887.) 

Plastering  on  laths  is  generally  done  in  three  coats.  ^  The  first  coat  is  called 
the  scratch>coat;  the  second,  the  brown  coat,  and  the  third,  the  white  coai, 
SKIM-COAT,  or  FINISH.  On  brickwork  or  stonework  the  scratch-coat  is  generallj 
ondtted.  For  hrst-dass  work  each  coat  should  be  permitted  to  dry  thorougUir 
before  the  next  coat  is  applied,  and  under  no  drcimistances  should  the  finish- 
coat  be  applied  before  the  brown  coat  is  thoroughly  dry. 

Drawn  Work  is  a  brown  coat  affiled  to  a  scratch-coat  from  the  same  staging, 
immediately  after  the  scratch-coat  is  applied.  It  is  a  little  cheaper  than  okt 
SCRATCH,  and  much  of  it  is  done  in  the  Western  States. 

The  Scratch-Coat  should  always  be  made  rich  in  lime,  and  should  ^''wtain  iH 
b'li  of  hair,  or  an  equivalent  quantity  of  fiber  to  each  cask  of  lime,  or  i  bu  of  hair 
to  2  of  lime.  A  proportion  of  one  part  lime-paste  to  two  parts  of  sand  will  re- 
quire I  cask  (2^2  bu)  of  lime  to  5^^  bbl  of  screened  sand. 

The  Brown  Coat  should  contain  i  cask  {iH  bu)  of  lime  to  7  bbl  of  screened 
sand,  and  i  bu  of  hair  to  5  of  lime.  Very  little  plaster  is  mixed  by  measure,  hon- 
ever,  the  usual  custom  being  to  mix  as  much  sand  with  the  slaked  lime  as  the 
mortar-mixer  thinks  it  will  stand  and  give  satisfaction,  the  tendency  being  alwayi 
to  make  the  lime  go  as  far  as  possible. 

The  Third  or  Finishing  Coat  is  designated  by  various  terms,  such  as  scni- 
COAT,  WHITE  COAT,  PUTTY-COAT,  SAND-FINISH,  etc.    The  skim-cost  as  used  in  the 

*  In  the  Eastern  States,  dwellings  of  moderate  coBt  are  generally  plastered  with  tvo* 
coat  work,  the  first  or  scratch-coat  being  brought  nearly  to  the  grounds,  and  cmicfnQr 
''     ■  *  ■  -"^d  to  receive  the  skim-coat. 
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Eastern  States  is  generally  composed  of  Hme-putty  and  washed  beach-sand  in 
iqual  proportions. 

Sand  Finish,  which  has  a  rough  surface  resembling  coarse  sandpaper,  is  mixed 
h  the  same  way,  only  that  coarser  sand  and  more  of  it  is  used,  and  it  is  finished 
fith  a  wooden  or  cork-faced  float. 

White  Coating  or  Hard  Finish  generally  means  a  composition  of  lime-putty 
md  plaster  of  Paris,  to  which  marble-dust  is  sometimes  added.  Plaster  of  Paris 
md  marble-dust  when  used  should  not  be  mixed  with  the  lime-putty  until  a  few 
noments  before  using,  and  no  more  should  be  prepared  at  one  time  than  can  be 
ised  up  at  once,  as  it  soon  sets,  after  which  it  should  not  be  used.  The  skim- 
X)at  or  hard  finish  should  be  finished  with  a  steel  trowel  and  wet  brush.  The 
Dore  the  work  is  troweled  the  harder  it  becomes.  A  superior  hard  finish  is  ob- 
ained  by  mixing  4  parts  of  Best's  Keene's  cement  to  i  part  lime-putty. 

Mortar  for  Plastering.  To  make  sure  that  the  lime  is  well  slaked,  it  is  cus- 
omary  to  require  that  the  mortar  for  plastering  shall  be  mixed  at  least  seven 
lays  before  it  is  used. 

Hair  such  as  is  used  by  plasterers  is  obtained  from  the  hides  of  cattle,  and  after 
jdng  washed  and  dried  is  put  up  In  paper  bags,  each  bag  being  supposed  to  con- 
ain  X  bushel  of  hair  when  beaten  up.  Each  package  is  supposed  to  weigh  from 
to  8  lb  but  the  weight  often  falls  short.  Asbestos  and  Manilla  hber  are  both 
sed  in  place  of  hair;  they  are  cleaner  than  hair  and  are  said  to  be  less  injured  by 
he  lime.  It  is  much  better  to  add  the  hair  to  the  lime-paste  a?ter  it  is  cold 
nd  before  mixing  in  the  sand,  as  hot  lime,  and  the  steam  caused  by  the  slaking, 
um  or  rot  the  hair  so  as  to  greatly  weaken  it.  The  common  practice  is  to  put 
ie  hair  in  the  mortar-box,  run  off  the  hot  lime  as  soon  as  it  is  slaked,  throw  in 
^e  sand  and  mix  the  whole  together.  It  is  then  thrown  out  of  the  box  into  a 
lie  and  a  new  batch  mixed  up. 

Mftchine-Made  Mortar.  In  several  of  the  larger  cities  plants  have  been 
luipped  for  the  mixing  of  mortar  by  machinery.  Machine-mixed  mortar  should 
e  much  better  than  the  ordinary  hand-mixed  mortar,  for  the  reason  that  time 
m  be  pven  for  the  lime  to  slake,  the  lime  and  sand  can  be  accurately  measured, 
id  the  hair  and  lime  are  not  mixed  with  the  lime  until  just  before  delivery.  The 
ixing  may  also  be  more  thoroughly  and  evenly  done  by  machinery  than  is 
>ssible  by  hand. 

Imfffoved  Wall-Plasters.  Owing  to  the  difficidty  of  obtaining  sufficient  space 
building  operations  in  central  sections  of  large  cities  to  properly  slake  sufficient 
ne  mortar  to  carry  on  the  plastering  with  the  necessary  speed,  other  kinds  of 
astering  materials  have  come  into  existence  in  recent  years.  These  are  known 
GYPSUM  plasters  or  HARD-WALL  PLASTERS.  The  base  of  these  products  is 
Idum  sulphate  or  gypsum  which  has  been  calcined  to  partially  expel  the 
Iter.  The  setting  and  hardening  of  these  products  is  dependent  upon  their 
mbining  chemically  with  the  gauging  water  and  crystallizing  in  the  same 
cmical  form  as  the  material  possessed  before  calcination.  All  hard-wall 
asters  contain  material  added  for  the  purpose  of  controlling  the  set.  The 
raight  calcined  gjrpsum  sets  in  a  very  few  minutes,  which  time  would  be  en- 
idy  too  short  to  peimh  the  workmen  to  apply  the  plaster  to  the  wall  and 
raighten  H  up  before  it  had  set.  These  plasters  are  characterized,  also,  by 
eir  inability  to  carry  as  much  sand  as  lime  mortar.  Many  of  them  contain 
tier  substances,  such  as  clay  or  hydrated  lime,  added  to  improve  their  plastic- 
r.  Hard-wall  plasters  manufactured  in  the  eastern  part  of  the  United  States 
m  rock-gypsvii  faivarisbly  contain  15%,  more  or  less,  of  day  or  hydrate^ 
led  for  this  purpose.    Plasters  made  in  Kansas,  Oklahoma,  Texas  and  other 
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Western  and  Southwestern  States  are  made  from  earth-gyiMum.  In  the  osc 
of  these  materials,  clay  and  hydrated  lime  are  not  added,  for  the  reason  that  the 
earth-gypsmn  contains  considerable  clay  matter,  which  renders  further  additkiiB 
unnecessary. 

Use  of  Bard-Wall  Plasters.  Hard-wall  plasters  are  found  to  be  very  oob- 
venient  in  cases  where  space  and  time  are  the  most  important  elements  in  the 
building  operation.  They  set  more  rapidly  than  lime  plasters,  thus  permittieg 
the  white  coating  and  finishing  of  the  job  to  be  completed  earlier.  While  hard- 
wall  plasters  become  extremely  hard,  this  property  is  sometimes  considered 
objectionable,  as  it  may  give  rise  to  what  b  called  the  souNDiMG-BOAan  effect. 

Keene's  Cement  Plasters.  Asdistinguished  from  theordinary  hard- wall  plaster^ 
there  exists  another  class  of  gypsum-products  which,  however,  are  somewhat 
different  in  the  method  of  preparation  and  behavior.  In  the  manufacture  d 
these  materials,  the  gypsum  is  calcined,  immersed  in  a  bath  of  alum  or  siniibr 
chemical  and  recalcined.  The  name  Keene's  cement  is  usually  am>Ued  to  th&e 
materials,  which  are  made  by  several  manufacturers  in  this  country.  These  are 
slow-setting  and  ultimately  attain  great  strength  and  hardness.  Reene*s  cemeot 
is  generally  used  with  considerable  lime-putty  or  hydrated  lime.  The  use  of 
equal  parts  of  hydrated  lime  and  Keene's  cement  in  making  a  plastering  "»a^twial 
is  often  recommended  and  found  in  specifications.  (For  Alca  lime  used  as  a 
wall-plaster,  see  page  1553.) 

Advantages  of  Improved  Wall-Plasters.  Among  the  advantages  gained  hy 
the  use  of  these  plasters  are  uniformity  in  strength  and  quality,  extra  hardnrw 
and  toughness,  freedom  from  pitting,  saving  in  time  required  in  malring  and  diy- 
ing,  minimum  danger  from  frost  while  being  applied  and  before  set,  less  wejiht 
and  moisture  in  the  building,  and,  in  some  cases,  greater  resistance  to  the  actioa 
of  fire. 

M  easnring  Plasterers'  Work.  Lathing  is  always  figured  by  the  square  yaid 
and  is  generally  included  with  the  plastering,  although  in  small  country  towns  the 
carpenter  often  puts  on  the  laths.  Plastering  on  plane  surfaces,  such  as  i»Il5 
and  ceilings,  is  always  measured  by  the  square  yard,  whether  it  b  one-coat,  tvo- 
coat,  or  three-coat  work,  or  lime  or  hard  plaster.  In  regard  to  deductioos  for 
openings,  custom  varies  somewhat  in  different  parts  of  the  country  and  also  with 
different  contractors.  Some  plasterers  allow  one-half  the  area  of  openings  for 
ordinary  doors  and  windows,  while  others  make  no  allowance  for  openings  oi  kas 
than  7  sq  yd. 

Miscellaneous  Details.  Returns  of  chimney-breasts,  pilasters  aind  all  strips 
less  than  12  in  in  width  should  be  measured  as  12  in  wide.  Closets,  soffits  of 
stairs,  etc.,  are  generally  figured  at  a  higher  rate  than  plain  walb  or  ceilings,  as  it 
is  not  as  easy  to  get  at  them.  For  circular  or  elliptical  work,  domes  or  ground 
ceilings,  an  additional  price  is  made.  If  the  plastering  cannot  be  done  froa 
trestles  an  additional  charge  must  be  made  for  staging.  Whenever  plastering  is 
done  by  measurement  the  contract  should  definitely  state  whether  or  not  opc»- 
ings  are  to  be  deducted,  and  a  special  price  should  be  made  for  the  stuoco-woik, 
based  on  the  full-size  details. 

Cornices  and  Motdings.  Stucco  cornices  and  molded  work  are  genenSr 
measured  by  the  superficial  foot,  measuring  on  the  profile  of  the  molding.  Wfaei 
less  than  12  in  in  girth  they  are  usually  rated  as  i  ft.  For  each  intemal  angle  t 
lin  ft  should  be  added,  and  for  external  angles,  2  lin  ft.  For  oomioes  on  areolae 
or  elliptical  work  an  additional  price  should  be  charged.  Eniicbed  moldinp  mtt 
^[enerally  figured  by  the  linear  foot,  the  price  depending  upon  the  design  udmm 
of  the  mold. 
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Qtumtitids  of  Materials  for  Lathing  and  Plastering 

i  liiicelltneoiis  Data.    To  cover  loo  sq  yd  requires  from  1 400  to  1 500  laths, 
ir  say  i  450  for  an  average  job,  and  10  lb  of  threepenny  fine  nails. 
,  Three-coat  plastering  on  wooden  laths,  plaster-of-Paris  finish,  will  require 
jrom  10  to  12  bu  of  llme»  iH  cu  yd  of  sand,  2  bu  of  hair  and  100  lb  of  plaster  of 
l^aris  per  100  sq  yd. 

If  the  finish-coat  is  omitted,  deduct  2  bu  of  Ume  and  all  of  the  plaster  of  Paris. 
,  If  sand-finished,  omit  the  plaster  of  Paris  and  add  ^i  cu  yd  of  sand. 

To  cover  100  sq  yd  with  two  coats  on  brick  or  stone  walls,  the  brown  coat  and 
finishing  coats,  will  require  from  8  to  10  bu  of  Ihne,  i^i  cu  yd  of  sand,  and  100  lb 
)f  plaster  of  Paris,  to  100  sq  yd. 

Using  Best's  Keene's  cement  for  brown  mortar  and  Keene's  finish  on  expanded- 
netal  hith  will  require,  for  brown  mortar,  550  lb  of  cement,  sH  bu  of  lime,  2  cu 
^d  of  sand  and  2  bu  of  hair;  for  the  finish,  300  lb  of  cement  and  i  bu  of  lime  per 
too  yd. 

Hard  plasters  on  e]q;>anded-metal  lath,  plaster-of-Paris  finish,  require,  for 
atowTk  mortar,  7  000  lb  of  plaster  and  2  cu  yd  of  sand;  for  the  finish,  1  bu  of  lime 
lad  100  lb  of  plaster  of  Paris  per  100  yd. 

Cost  of  T4ithing  and  Plastering.  The  average  price  for  putting  on  wooden 
ttfas,  labor  only,  is  4H  cts  per  yard.  For  expanded  or  sheet-metal  laths  on 
iboden  studding,  s*i  cts;  on  steel  studding,  wired,  from  xo  to  12  cts. 

The  cost  of  putting  three  coats  on  laths,  plaster-of-Paris  finish,  labor  only, 
pns  about  22  cts  per  yard. 

With  sand  finish  the  cost  is  about  23  cts. 

These  figures  are  based  on  plasterers'  wages  at  75  as  per  hour,  and  50  cts 
br  hour  for  hod-carriers  and  mortar  mixers. 

The  following  schedule  *  gives  the  average  cost  of  different  kinds  of  plastering, 
ftsed  on  lime  at  40  cts  per  bushel,  sand  at  75  cts  per  load  of  i  U  cu  yd,  hair  at  40 
ts  per  bushel,  plaster  of  Paris  at  50  cts  per  100  lb. 

cratch  and  brown  coat  (Ume)  on  wooden  laths 25  cts  per  sq  yd. 

hree  coats  (lime)  on  wooden  laths,  plaster-of-Paris  finish  . .  30  cts  per  sq  yd. 

hree  coats  (lime)  on  wooden  laths,  sane*  finish 30  cts  per  sq  yd. 

rown  coat  and  finish  on  brick  walls 23  cts  per  sq  yd. 

For  hard-wall  plaster  instead  of  lime,  add 3  cts  per  sq  yd. 

hree  coats   (lime),  plaster-of-Paris  finish,  metal  lath  on 

wooden  studding 65  cts  per  sq  yd, 

hree  coats  (lime)  plaster-of-Paris  finish,  metal  lath  on  steel 

studding 68  cts  per  sq  yd. 

For  Keene's  cement  finish,  add 10  cts  per  sq  yd. 

For  blocking  in  imitation  of  tile,  add 50  cts  per  sq  yd. 

nro  coats  hard-wall  plaster,  plaster-of-Paris  finish,  metal 

lath,  wooden  studding 70  ctfe  per  sq  yd. 

vo  coats  hard-wall  plaster,  plaster-of-Paris  finish,  metal 

lath  on  steel  studs 73  cts  per  sq  yd. 

For  Keene's  cement  finish,  add 10  cts  per  sq  yd. 

^rtland  cement,  brown  coat,  finished  with  Keene's  cement 

blocked  in  imitation  of  tile,  3  by  6  in $2.80  per  sq  yd. 

V  running  base,  9  in  high,  in  Best's  Keene's  cement 10  cts  per  ft. 

^  running  plain  moldings  in  plaster  of  Paris,  from  3  to  5  cts  per  inch  of  girth. 

V  finkhing  shafts  of  columns,  from  16  to  24  in  in  diam.,  from  12  to  14  ft  high» 
$3  per  column  (labor  only). 

*  These  are  pre-war  prices  and  the  unit  values  per  sq  yd  must  be  largely  increased  on 
ount  ol  the  increase  in  wages  and  materials. 
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These  prices,  of  course,  vary  wmewhat  in  difiefent  sections  of  the  ooatQ 
In  some  localities  prices  for  materials  or  labor  are  less,  in  others  higher. 

Staff  is  a  composition  of  plaster  of  Paris  and  hemp-fiber,  cast  in  moklN  » 
nailed  or  wired  in  place.  All  of  the  buildings  of  the  Columbian  Expositkai 
Chicago  (1893)  were  covered  with  this  material  and  all  of  the  temporary  bcfli 
ings  of  the  St.  Louis  Exposition  (1904).  It  is  not  sufficiently  durable  farpe 
manent  work  unless  it  is  frequently  painted.  The  cost  of  staff,  as  used  00  th 
buildings  at  Chicago  in  1893,  varied  from  $2  to  $2.25  per  sq  yd. 


DATA  ON  LUMBER  AND  CAKPENTEBS'  WORK* 

Relative  Hardness  of  Woods.  Taking  shell-bark  hickory  as  the  hfte 
standard  of  our  forest- trees,  and  calling  that  100,  other  trees  will  compare  vitfai 
for  hardness  as  follows: 


Shell-bark  hickory 100 

Pignut  hickory 96 

Whiteoak 84 

White  ash 77 

'Dogwood 75 

Scrub-oak 73 

White  hazel 73 

Apple-tree 70 

Red  oak 69 

White  beech 65 

Black  walnut 65 

Black  birch 62 


Yellow  oak lo 

Hard  maple jf 

Whitodm !l 

Red  cedar 36 

Wild  cherry S 

Yellow  pine 54 

Chestnut 9 

Yellow  poplar Ji 

Butternut 43 

White  birch H 

White  pine P 


Weight  of  Rough  Lumber  per  i  000  Feet 

BOASD-ICEASURE,  APPROXHIATE 
For  weight  of  various  woods  see  tables  on  pages  150X  to  1508 


Kind  of  wood 


Ash 

Chestnut 

Hemlock , 

Maple,  hard.., 
Maple,  soft  — 

Oak,  red 

Oak,  white — 
Pine,  long-leaf 

Pine,  white 

Poplar 

Spruce 

Sycamore 

Walnut,  black 


Green  from 

Shipping- 

WeU- 

KnxHbied, 

saw. 

dry, 

seasoned. 

lb 

lb 

lb 

lb 

4  600 

3  500 

3Jac 

4  300 

3  000 

5400 

4  ISO 

3900 

34a 

5000 

3650 

3300 

300c 

SSoo 

4  3SO 

4000 

3Ja: 

5700 

4500 

4  100 

3600 

4500 

3500 

3500 

3500 

3  400 

3330 

4000 

3000 

3900 

2400 

3150 

3700 

2^00 

aaoe 

4  7SO 

3200 

3000 

4900 

4000 

3800 



*  A  comprehensive  booklet  giving  the  rules  Cor  the  grading  and  r!^t?ifififf*wft  of  ycSa* 
Dine  lumber  and  dressed  stock  may  be  obtained  from  The  Southern  Pine  AasodiM 
New  Orleans,  La. 


Measurement  of  Rough  Lunober 
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Framing-Lumber  may  coxmnooly  be  purchased  in  any  of  the  following  nomi< 
oal  sizes,  except  that  common  pine,  spruce,  and  hemlock  cannot  usually  be  ob< 
tained  in  larger  sizes  than  12  by  12  in. 

Nominal  Sizes  of  Fnuning-Lomber 


in 

in 

in 

in 

a    X  4 

3X  6 

4Xia 

8X13 

2X6 

3X  8 

4X14 

8X14 

a    X  8 

3X10 

6X  6 

^      10X10 

a    Xio 

3X12 

6X  8 

10X12 

a    X12 

3X14 

6X10 

10X14 

2    X14 

3X16 

6Xia 

10X16 

a    X16 

4X4 

6X14 

i2Xia 

a^Xia 

4X  6 

6X16 

iaXi4 

2HX14 

4X  8 

8X  8 

12X16 

2HX16 

4X10 

8X10 

14X14 
14X16 

In  some  of  the  New  England  mills,  the  following  sixes,  also,  are  sawed:  2  by  3, 

1  by  5,  2  by  7,  a  by  9, 3  by  4  and  3  by  5  in.  These  sizes  are  not  commonly  carried 
ki  stock,  and  in  most  localities  would  have  to  be  obtained  by  ripping  larger 
nzes.  Most  of  the  long-leaf  yellow  pine  and  Douglas  hr  is  shipped  surfaced 
WE  SIDE  AND  EDGE,  the  actual  dimensions  being  from  H  in  to  H  in,  and  some- 
imes  H  in,  scant  of  the  nominal  dimensions.  When  framing-lumber  is  required 
o  he  full  to  dimensions  it  should  be  ordered  in  the  rough,  and  a  special  contract 
nade  on  that  understanding. 

Lengths  0/  Framing-Timbers.  All  timber  is  cut  and  sold  in  even  lengths,  as 
;o,  ia»  14  and  16  ft.  Odd  and  fractional  lengths  are  counted  as  the  next  higher 
rven  length;  consequently  it  is,  in  certain  cases,  possible  and  economical  to  plan 
mildings  so  that  timbers  of  even  lengths  may  be  used  without  waste. 

Measurement  of  Rough  Lumber.  All  rough  lumber  is  sold  by  the  foot» 
K>ARi>-MEASURE,  oue  foot  being  the  equivalent  of  a  board  i  ft  wide,  i  ft  long,  and 

in  thick.  To  compute  the  board-measure  in  any  board,  plank,  or  timber,  di- 
ide  the  nominal  sectional  area,  in  inches,  by  12,  and  multiply  by  the  length  in 
eel.  Thus  the  number  of  feet  in  a  2  by  4-in  scantling,  8  ft  long  >■  (2  x  4/ 1 2)  X 
' "  SVi  ft,  board-measure.     A  lo-in  board,  12  ft  long,  contains  (i  x  10/12)  x 

2  «  10  ft,  board-measure.  Extensive  tables  are  published  showing  the  feet,  in 
oard-measure,  for  almost  any  commercial  size  of  timber.  The  following  table, 
owever,  although  compact,  will  enable  one  to  readily  estimate  the  number  of 
EET  in  any  of  the  standard  sizes  of  boards,  planks,  or  timbers.  To  use  the  table» 
ind  the  product  of  the  lateral  dimensions  of  the  cross-section;  then  in  the 
olumn  having  a  heading  equal  to  this  product,  and  in  the  horizontal  line  oppo- 
ite  the  given  length  will  be  found  the  number  of  feet  in  board-measure.  Thus, 
>r  a  3  by  4,  2  by  6,  or  i  by  12-in  timber  look  in  the  column  headed  12;  for  a  2 
y  12,  4  by  6,  or  3  by  8-in  {nece,  look  in  the  column  headed  24.  For  lengths  not 
Even  in  the  table,  take  either  twice  the  length  and  divide  by  2,  or  one-half  the 
aigth  and  multiply  by  2.  Where  timbers  of  the  same  size  abut  end  to  end,  it 
cooomizes  labor  in  reducing  to  board-measure  to  take  the  full  length;  for  this 
eason  the  lengths  in  the  table  are  carried  beyond  those  for  single  sticks. 
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Tftble  of  Board-MMsnre 

For  explanation,  see  page  1559 


Length 
in  feet 


6 

8 

10 

la 

14 
x6 
18 
20 
22 
34 

26 
28 
30 
33 
34 
36 
38 
40 
43 


6 

8 

10 

12 

14 
16 
18 
20 
22 
24 

26 
28 
30 
32 
34 
36 
38 
40 
42 


Sectional  area  in  aquare  inches 


4 
ft  in 


2 
2 
3 
4 
4 
S 
6 
6 

7 
8 

8 

9 
10 
10 
II 

12 
12 
13 
14 


o 
8 

4 
o 
8 

4 
o 
8 

4 
o 

8 

4 
o 
8 

4 
0 
8 

4 
o 


6 

8 

10 

12 

14 

16   i 

ff 

ft 

in 

ft 

in 

ff 

ft 

in 

ft 

in 

3 

4 

0 

S 

0 

6 

7 

0 

8 

0 

4 

5 

4 

6 

8 

8 

9 

4 

10 

8 

S 

6 

8 

8 

4 

10 

II 

8 

13 

4 

6 

8 

0 

10 

0 

12 

14 

0 

16 

0 

7 

9 

4 

II 

8 

14 

16 

4 

18 

8 

8 

10 

8 

13 

4 

16 

18 

8 

21 

4 

9 

12 

0 

IS 

0 

18 

21 

0 

34 

0 

10 

13 

4 

16 

8 

20 

33 

4 

36 

8 

II 

14 

8 

18 

4 

22 

25 

8 

39 

4 

12 

16 

0 

20 

0 

34 

28 

0 

33 

0 

13 

17 

4 

21 

8 

26 

30 

4 

34 

8 

14 

X8 

8 

23 

4 

28 

33 

8 

37 

4 

15 

20 

0 

25 

0 

30 

35 

0 

40 

0 

16 

21 

4 

26 

8 

33 

37 

4 

43 

8 

17 

22 

8 

28 

4 

34 

39 

8 

45 

4 

18 

24 

0 

30 

0 

36 

43 

0 

48 

0 

19 

25 

4 

31 

8 

38 

44 

4 

SO 

8 

20 

26 

8 

31 

4 

40 

46 

8 

53 

4 

21 

28 

0 

35 

0 

43 

49 

0 

S6 

0 

x8 

ff 


ft  in 


9 
12 

IS 
18 
21 

24 
37 
30 
33 
36 

39 
42 
45 
4S 
51 
54 
57 
60 

63 


10  o 

13  4 

x6  8 

ao  o 

23  4 

26  8 

30  o 

33  4 

36  8 

40  c 

43  4 

46  8 

SO  0 

53  -t 

S6  8 

60  0 

63  4 

66  S 

70  c 


Sectional  area  in  square  inches 


24 

ff 


12 
16 

20 

24 

28 
32 
36 

40 

44 
48 

53 

56 
60 

64 
68 
72 
76 
80 
84 


28 
ft  in 


14 
18 

23 

28 

32 
37 
42 
46 
SI 
56 

60 

65 
70 

74 
79 
84 
88 

93 
98 


o 
8 

4 
O 
8 

4 

o 
8 

4 
o 

8 

4 

0 
8 

4 
o 
8 

4 
o 


30 
ft* 


15 

20 

35 

30 

35 
40 
45 
50 
SS 
60 

65 
70 

75 
80 

85 
90 
95 

100 

105 


32 

ft   in 


16 
21 
26 
32 
37 
42 
48 

S3 
58 
64 

69 
74 
80 

85 

90 

96 

101 

106 

112 


o 

4 

8 
o 

4 
8 
o 

4 
8 

o 

4 
8 
o 

4 
8 
o 

4 
8 
o 


35 

ft  in 


36 
ft* 


17  6 

23  4 

29  2 

35  o 

40  10 

46  8 


52 
58 

64 
70 


6 

4 

2 
0 


75  10 
81   8 


87 

93 

99 

105 


6 

4 
2 

o 


no  10 

116  8 

122   6 


18 

34 
30 
36 
43 

48 

54 
60 
66 
73 

78 
84 
90 
96 
102 
108 

114 
120 
126 


40 
ft  in 


20 
26 

33 
40 
46 
53 
60 
66 

73 

80 

86 

93 
xoo 

106 
113 

120 
126 

133 
140 


o 
8 

4 
o 
8 

4 
o 
8 

4 
o 

8 

4 
o 
8 

4 
o 
8 

4 

o 


42 

ff 


21 
28 
35 
43 
49 
56 

63 

TO 
77 
84 

91 

98 

105 

112 

119 
126 

133 
140 

147 


48 

ff 


24 
32 
40 
48 
S6 
64 
7a 
So 
88 
96 

IQ4 

XI2 

MO 

laS 
136 
144 

152 

160 


*  The  measurements  m  these  columns  come  out  In  even  ieeL 


Boaid-Meastue 
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TftUe  of  BMid-MMMnra  (C«iitlitM«) 
For  espJanation,  see  page  1559 


r 


I    Leogth 
in  feet 


A 

6 

8 

10 

12 

14 
16 
18 
ao 
22 

M 
26 
28 
30 
32 

34 
36 
38 
40 
42 

44 
46 
48 
50 
52 

54 

56 

58 
60 
62 

64 
66 
68 
70 
72 

74 
76 
78 
80 
82 


Sectional  area  in  square  inches 


345  4 

354  8 

364  o 

373  4 

382  8 

392  o 


60 
ft* 


20 
30 
40 
SO 
60 

70 

80 

90 

100 

no 

120 

130 

140 

X50 
160 

170 

180 
190 

200 
210 

220 
230 
240 

250 
260 

270 
380 
290 
300 
310 


64 

ft 

in 

2K 

4 

32 

0 

42 

8 

S3 

4 

64 

0 

74 

8 

85 

4 

96 

0 

Z06 

8 

117 

4 

126 

0 

138 

8 

149 

4 

160 

0 

170 

8 

181 

4 

192 

0 

202 

8 

213 

4 

224 

0 

234 

8 

245 

4 

256 

0 

266 

8 

277 

4 

288 

0 

298 

8 

309 

4 

320 

0 

XV> 

8 

341 

4 

352 

0 
R 

320 

341 

4 

330 

352 

0 

340 

362 

8 

350 

373 

4 

3bo 

384 

0 

370 

394 

8 

3S0 

40s 

4 

390 

416 

0 

400 

426 

8 

410 

437 

4 

420 

448 

0 

72 
ft* 


24 

36 
48 
60 
72 

84 
96 

Z08 

120 
132 

144 

IS6 
x68 
180 
192 

204 
216 
228 
240 
252 

264 
276 
288 
300 
312 

324 

336 
348 
360 
372 

384 
396 
408 
420 
432 


4S6 
468 
480 
492 

S04 


80 

84 

96 

100 

ft  in 

ft* 

ff 

ft  in 

26  8 

38 

32 

33  4 

40  0 

42 

48 

50  0 

53  4 

56 

64 

66  8 

66  8 

70 

80 

83  4 

80  0 

84 

96 

xoo  0 

93  4 

98 

Z12 

xx6  8 

Z06  8 

ZI2 

128 

133  4 

120  0 

X26 

144 

X50  0 

lx^   4 

140 

160 

x66  8 

146  8 

154 

176 

183  4 

160  0 

168 

X92 

200  0 

173  4 

182 

308 

216  8 

X86  8 

196 

224 

«33  4 

200  0 

210 

240 

250  0 

213  4 

224 

256 

266  8 

226  8 

238 

272 

383  4 

240  0 

252 

288 

300  0 

253  4 

266 

304 

316  8 

266  8 

280 

320 

333  4 

280  0 

294 

336 

350  0 

293  4 

308 

352 

366  8 

306  8 

322 

368 

383  4 

320  0 

336 

384 

400  0 

333  4 

350 

400 

416  8 

346  8 

364 

416 

433  4 

360  0 

378 

432 

450  0 

373  4 

392 

448 

466  8 

386  8 

406 

464 

483  4 

400  0 

420 

480 

500  0 

4x3  4 

434 

496 

516  8 

426  8 

448 

S12 

533  4 

440  0 

462 

528 

550  0 

453  4 

476 

544 

S66  8 

466  8 

490 

S60 

583  4 

480  0 

S04 

576 

600  0 

493  4 

SI8 

592 

616  8 

506  8 

S32 

608 

633  4 

520  0 

546 

634 

650  0 

533  4 

560 

640 

666  8 

546  8 

574 

656 

683  4 

560  0 

588 

672 

700  0 

XX3 

ft  in 


37  4 

56  o 

74  8 

93  4 

ZI3  e 

130  8 

149  4 

x68  o 

186  8 

305  4 

334  o 

343  8 

36x  4 

380  o 

398  8 


317 
336 
354 
373 
392 


4 
o 
8 

4 
0 


410  8 

439  4 

448  o 

466  8 

485  4 

S04  o 

523  8 

541  4 

S6o  o 

578  8 

597  4 

6x6  o 

634  8 

653  4 

673  o 

690  8 

709  4 

738  o 

746  8 

76s  4 

784  0 


*  The  measurements  in  these  cohmms  come  out  in  even  feet. 
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Lumber  and  Caipenteis'  Work 


Table  «f  Board-MMture  (Oontiiuwd) 
For  exptanatioo,  see  page  1559 


Length 

Size  and  sectional  area  in  inches 

infect 

130 

140 

144 

160 

168 

193 

196 

224 

10X12 

10X14 

12X12 

X0X16 

12X14 

X2X16 

14XX4 

14X1& 

ft* 

ft    in 

ft* 

ft     in 

ff 

ft* 

ft 

in 

ft    ia 

4 

40 

46    8 

48 

53    4 

S6 

64 

65 

4 

74  8 

6 

60 

70    0 

72 

80    0 

84 

96 

98 

0 

IM    0 

8 

80 

93    4 

96 

106    8 

112 

128 

130 

8 

149   1 

10 

100 

116    8 

120 

133    4 

X40 

x6o 

163 

4 

186  I 

12 

120 

140    0 

144 

160    0 

168 

X92 

196 

0 

224   3 

14 

140 

163    4 

168 

186    8 

196 

224 

238 

8 

a6i  4 

16 

160 

186    8 

193 

213    4 

224 

256 

261 

4 

298  1 

18 

180 

310     0 

216 

240    0 

252 

288 

294 

0 

336  c 

20 

200 

233    4 

340 

266    8 

280 

320 

326 

8 

373  4 

23 

220 

256    8 

264 

393    4 

308 

352 

359 

4 

410  8 

24 

240 

280    0 

388 

320    0 

336 

384 

392 

0 

448  0 

26 

260 

303    4 

312 

346    8 

364 

416 

424 

8 

48s  4 

28 

280 

326    8 

336 

373    4 

392 

448 

457 

4 

52a  S 

30 

300 

350    0 

360 

400    0 

420 

480 

490 

0 

560  c 

32 

320 

373    4 

384 

426    8 

448 

512 

523 

8 

597  4 

34 

340 

396    8 

408 

453    4 

476 

544 

555 

4 

6J4  S 

36 

360 

420    0 

432 

480    0 

504 

576 

588 

0 

67a  c 

38 

380 

443    4 

456 

506    8 

532 

608 

630 

8 

709  4 

40 

400 

466    8 

480 

533    4 

560 

640 

653 

4 

74«  8 

42 

420 

490    0 

504 

560    0 

588 

672 

686 

0 

7«4  0 

44 

440 

SI3    4 

528 

586    8 

616 

704 

718 

8 

in  A 

46 

460 

536    8 

552 

613    4 

644 

736 

751 

4 

858  8 

48 

480 

560    0 

576 

640    0 

672 

76S 

7«4 

0 

896  c 

50 

500 

583    4 

600 

666    8 

700 

800 

816 

8 

933  4 

52 

520 

606    8 

624 

693    4 

738 

832 

849 

4 

970  5 

54 

540 

630    0 

648 

720    0 

756 

864 

8R3 

0 

I0C8    8 

56 

560 

653    4 

672 

746    8 

784 

896 

914 

8 

I  04s   4 

58 

S80 

676    8 

696 

773    4 

8l3 

928 

947 

4 

10B3  S 

60 

600 

700    0 

720 

800    0 

840 

960 

980 

0 

I  X20    C 

62 

620 

723    4 

744 

826    8 

868 

992 

I  OI3 

8 

X157  : 

64 

640 

746    8 

768 

853    4 

896 

t  024 

1045 

4 

1194  8 

66 

660 

770    0 

792 

880    0 

924 

1056 

1  078 

0 

laja  : 

68 

680 

793    4 

816 

906    8 

952 

I0R8 

I  110 

8 

1369   4 

70 

700 

816    8 

840 

933    4 

980 

X  120 

1  143 

4| 

1306  s 

72 

720 

840    0 

864 

960    0 

xooe 

I X52 

X  X7< 

0 

1344   C 

74 

740 

863    4 

888 

986    8 

1036 

1 184 

X206 

8 

1^1    4 

76 

760 

886    8 

912 

1013    4 

X064 

X  216 

I  241 

4 

14X8   8 

78 

780 

910    0 

936 

I  040    0 

1092 

X  248 

1  374 

0 

1456    8 

80 

800 

933    4 

960 

1066    8 

X  120 

X  a8o 

I  306 

8 

1493   4 

83 

820 

956    8 

984 

1093    4 

I  148 

I  312 

1339 

4 

IS30  8 

84. 

840 

980    0 

I  008 

I  I30     0 

1  176 

1344 

13T» 

0 

xsflB  c 

*  The  measurements  in  these  rolurmis  come  out  in  even  feet. 


'  Measurement  at'  Lumber  1563 

rliMsurement  of  Finisliiiig-Liimber,  Flooftng,  OMtigt  ^Bkt,   Most,  if  not 
t  lumber  for  finishing  is  sawed  for  use  in  thicknesses  of  i  in,  iH  in,  if^  in,  aad 
in,  and  some  woods,  such  as  wliite  pine  and  poplar,  are  sawed  into  thicknesses 
aHinand  3  in. 

When  surfaced  both  sides,  the  thickness  is  reduced  to  i^«,  iH»,  iMoi  iH,  2H, 
id  2^yi%  in. 

AH  dressed  stock  is  measured  and  sold  stsip>count,  that  is,  full  size  of  rough 
fUerial  necessarily  used  in  its  manufacture.  Thus  x  H«*in  boards  are  measured 
though  iH  in  thick.  The  number  of  feet,  board-measure,  for  iH-in  stock 
He  finished)  is  I^  times  that  in  a  i-in  board,  and  in  the  same  way  for  iH-in 
d  2ir^in  stock.  i^4-in  planks  are  always  measured  2  in  thick,  and  iH-in 
M:k,  2H  in  thick.  Boards  less  than  x  in  thick  are  measured  the  same  as  x-in 
ards,  but  for  H-in  and  H-in  stock  a  reduced  price  is  generally  made. 

Hatched  Ordinary  Flooring.*  The  standard  sizes  for  flooring  (other  than 
idwood,  parqueting  or  parquet-flooring)  are  i  by  3,  x  by  4  and  i  by  6;  or  iH  by 
iV4  by  4  and  xH  by  6.  The  thickness  of  x-in  flooring  should  be  ifi«  in,  and 
I  H-in  flooring,  x^ia  in.  3-in  flooring  should  show  2H  in  on  the  face,  after  it  b 
d;  4-in,  jVi  in;  and  6-in,  sH  in. 

Iftatched  Ha|ile  Flooring  is  usually  made  in  2-in,  2V4-in  and  3  H-in  face,  and 
thicknesses  of  ^ie,  xM«  and  xM«  in. 

Ceiliiig,  matched  and  beaded  boards,  is  regularly  stuck  in  the  same  widths  as 
3ring.  The  standard  (nominal)  thicknesses  of  yellow-pine  ceiling  are  H,  H, 
and  H  in,  the  actual  thickness  of  each  being  Ho  in  less.  The  H-'m  ceiling  is 
ssed  one  side  only,  the  other  thicknesses  both  sides. 

fellow  Pine  Drop-Siding.  Dressed  and  matched  yellow  pine  drop-siding  it 
by  3H  and  H  by  5H  in,  showing  3H  and  5 H-in  face;  and  worked  shiplap  is 
by  3H  and  ?i  by  5H  in,  showing  3  and  5-in  face. 

Beveled  Siding  is  resawed  on  a  bevel  from  stock  ifi«  by  3VI2  and  iMo  by  sH  in, 
er  surfacing. 

Blew  Bngland  Oapboaxds  are  4  ft  long,  6  in  wide,  H  in  thick  at  the  butt,  and 
3Ut  H  in  thick  at  the  other  edge.  They  are  put  up  in  bunches  and  sold  by  the 
»usand. 

Etules  for  Estimating  Quantities  of  Sheathing,  Flooring,  Etc.  For  com- 
\n  sheathing  laid  horizontally  on  a  wall  or  roof  without  openings,  addone- 
ith  to  the  actual  superficial  area  to  albw  for  waste.  On  the  walls  of  dwelling^ 
ore  the  walls  as  though  without  openings  and  allow  nothing  for  waste.  If 
iathing  is  laid  diagonally,  add  one-sixth  to  the  actual  superficial  area. 
For  tight  sheathing  laid  horizontally,  add  one-fifth  for  6-in  boards,  one-seventh 
8-in  boards,  and  one-ninth  for  lo-in  boards.  If  laid  diagonally  add  on&> 
irth  for  6-in  boards,  one-sixth  for  8-in  boards,  and  one-eighth  for  lo-in  boards. 
For  3-in  matched  flooring  add  one-half  to  the  actual  superficial  area  to  be 
/-ered. 

For  4-in  flooring  add  one-third  and  for  6-in  flooring  add  one-fifth.  Ceiling  is 
asured  the  same  as  flooring. 

For  drop-siding,  add  one-fifth  to  the  superficial  area. 

For  lap-siding,  laid  4  in  to  the  weather,  add  one-half  to  the  actual  superficial 
a;  if  4H  in  to  the  weather,  add  one-third. 

*  Evetywhece  except  in  New  England  floorino  is  alwajrs  andeistood  to  be  tongued  and 
oved. 
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Buflding  Papers,  FdLts  and  QuilU 


Ptrt 


Cott  of  Labor  for  Ca^enten'  Woik.    There  axe  to  many  itena  tad  a 

ditions  which  enter  into  the  cost  of  carpenters'  work,  and  the  oost  vidai 
widely  with  the  locality,  that  it  is  quite  impossible  to  give  figures  wUch  aai 
general  practical  value,  although  several  books  *  have  been  pubiiahed  ob  cM 
mating  labor  and  materials  for  buildings. 

The  following  figures  of  the  cost,t  for  Ubor  and  nails,  of  framing  and  pooi 
on  sheathing  and  siding  and  laying  flooring  were  oomputed  on  the  baas  d  a 
penters'  wages  at  $3  a  day  of  eight  hours  (37H  cts  per  hour).  The  00a  1 
framing  is  almost  alwajrs  figured  at  a  certain  price  per  thousand  feet  of  famU 
board-measure.  The  cost  of  laying  flooring,  sheathing,  etc.,  is  almost  tta^ 
figured  by  the  square  of  100  sq  ft  (zo  by  10  ft). 


Character  of  work 

For  setting  up  studding  and  framing  walls  of  wooden 
dwellings 

For  framing  and  setting  floor- joists,  3  by  8  to  3  by  X3. . . 

Framing  and  setting  heavy  joists  and  girders,  6  by  X3  to 
10  by  14 

Framing  gable  roofs  and  setting  in  place 

Framing  hip-roofs  and  setting  in  place 

For  putting  in  bridging,  after  it  is  cut,  per  100  tin  ft  in  the 
row 

For  covering  the  sides  or  roofs  of  wooden  buildingps  with 
dressed  sheathing,  laid  horizontally 

The  same,  if  laid^  diagonally 

The  cost  of  labor  and  nails  for  laying  6-in  flooring,  blind- 
nailed  to  every  joist,  without  dressing  after  laying,  is 
about 

For  4-in  flooring,  not  dressed,  allow 

For  j-in  flooring,  not  dressed,  allow 

For  3-in  hard-pine  flooring,  hand-smoothed  or  traversed. 

For  3-in  red-oak  flooring,  hand-smoothed  or  traversed. . 

For  3-in  white-oak  flooring,  hand-smoothed  or  traversed 

For  3-in  maple  flooring,  hand-smoothed  or  traversed. . . . 


Cost 


Sio.oo  per  1000 
I9.00  to  $10.00  per  uoQ 

I  8.50  per  looc 
10.00  per  XDOo 
$11 .00  to  lu.oo  per  m 

li.ss 

60  cts  per  sqiBic 
75  cts  per  squsrc 


Sa.oopersqiure 
3.35  per  square 
a.5opersqave 
3.75  per  squase 
6.00  per  squait 
8.00  per  sqoait 
$10.00  to  Sza.oop«4 


BI7ILDING  PAPEES,  BUILDIXG  FELTS  AKD  QUILTS 

Sheathing-PaperB.t  Pelts,  Quilts,  Etc.  It  is  well  known  that  frame  hA 
Ings  when  merely  sheathed  and  clapboarded  or  shingled  on  the  outside  and  sii^l 
lathed  and  (Mastered  on  the  inside,  are  almost  sure  to  be  hot  in  summer  aadd 
in  winter;  and  as  the  wood  almost  always  shrinks,  cracks  result  through  ^ 
the  wind  finds  its  way.  For  these  reasons  some  extra  provision  should  be  vd 
for  keeping  out  the  wind  and  the  heat  and  cold;  and  it  is  generally  admitted th 

*  Readers  are  referred  to  The  Building  Estimator's  Reference  Book,  by  F.  R.  Wdi 
The  New  Building  Estimator,  by  William  Arthur.  Handbook  of  Cost  DaU,  lif  H 1 
Gillette  and  the  Estimator'  Price  Book,  by  I.  P.  Hicks.  To  all  of  these,  axchitects  ri 
builders  are  referred  for  detailed  Information  and  valuable  data  on  costs  of  bbor  ■ 
material. 

t  The  wages  of  carpenters  varied  (1916)  In  the  United  States  from  35  to  fo  cts  per  U 
or  from  I2.80  to  I5.60  per  day  of  8  hours.  For  rates  per  day  higher  than  tlMie^ 
the  figures  showing  the  costs  in  the  schedule  must  be  raised  propoctioiiaie|y. 

t  The  terms  buhoxng  paper  and  sbkatbimg-papee  are  by  the  puldic  iiiilim  liiiiiaij 
applied  to  all  kinds  of  paper  used  in  connection  with  bufldiog-coostmctioa.  hi 
trade,  however,  the  term  buildino  papbr  b  confined  to  the  rosfn-sbed  and  cbB« 
grades  of  paper,  while  the  her*^  and  better  grades  are  classed  as  saaAiHOi&ffMaa 


^  Buildiiig  Papers,  Building  Felts  and  Quilts  1565 

pre  IS  no  material  that  will  do  this  so  well  and  at  so  small  an  expense  as  good 

iathing-papers  or  sheathing-felts.    The  papers  made  for  this  purpose  are  com- 

mly  known  as  sheathing-papers  or  building  papers.    There  is  a  great 

riety  of  sheathing-papers  manufactured,  many  of  them  of  great  excellence, 

d  even  the  best  are  comparatively  inexpensive,  costing  only  about  $i.oo  per 

9  sq  ft;  so  that  only  the  better  qualities  of  any  kind  of  felt  or  paper  should  be 

fidfied.    Where  the  cost  of  the  sheathing-paper  on  an  ordinary  house  is  only 

ew  dollars,  it  is  poor  economy  to  use  a  cheap  paper,  as  the  labor  of  applying  it 

in  important  item  and  the  poorer  the  paper  the  more  difficult  the  work  of  put- 

ig  it  on.    The  qualities  which  good  aheathing-paper  should  possess  are  per- 

inence,  impenetrability  to  air  and  water  and  sufficient  strength  to  permit  of 

plying  without  tearing.    Protection  or  proof  against  vermin  and  insects  is 

other  important  requirement.    It  should  not  be  brittle  nor  have  a  lasting 

ong  odor  and,  for  the  convenience  of  the  builder,  should  be  clean  for  handling. 

lere  are  so  many  papers  possessing  all  or  most  of  these  qualities  that  it  is  deemed 

acpedient  to  mention  particular  brands.    The  architect  should  decide  for  him- 

f,  from  the  samples  with  which  he  has  probably  been  furnished,  what  papers 

i  best  adapted  to  the  particular  conditions;  and  he  should  then  specify  those 

inds,  giving,  also,  the  manufacturers'  names,  instead  of  leaving  the  choice  to 

i  builder,  who  will  be  quite  sure  to  be  guided  by  price  rather  than  by  quality. 

iny  object  to  tarred  or  saturated  sheathing-papers  and  felts  because  of  their 

idency  to  become  brittle  and  because  they  emit  a  strong  odor  and  are  some- 

at  disagreeable  to  handle.    On  the  other  hand,  the  advocates  of  tarred  felts 

phasize  thdr  cheaimess,  warmth  and  even  their  odor,  which  makes  them 

rmin-proof.    The  odor  gradually  disappears  after  the  clapboards,  siding  or 

ngles  are  put  on  and  the  inside  walls  finished.    Sheathing-paper  is  usually 

plied  just  previous  to  putting  on  the  clapboards,  siding,  or  shingles.    It  is 

lerally  placed  horizontally  and  should  lap  about  3  In  over  each  sheet  and  over 

i  paper  previously  placed  around  the  window  and  'door-frames.    If  sheathing- 

ilt  or  similar  material  is  to  be  placed  under  the  clapboards  or  siding,  laths 

>uld  be  nailed  vertically  over  it,  opposite  each  stud,  and  the  siding  or  clap- 

trds  nidled  to  the  laths;  otherwise  it  will  be  difficult  to  put  them  on  evenly, 

ins  to  the  thickness  and  elastic  quality  of  the  quilt.    Shingles,  however,  may 

applied  directly  over  it.    Sheathing-quilt  possesses  marked  fire-resisting 

^perties.    The  sheathing-paper  and  the  labor  of  putting  it  on  should  be  in- 

ded  in  the  carpenter's  specifications. 

-Sized  Building-papers.  These  are  the  common  grades  of  building 
they  are  not  water-proof,  and  should  not  be  used  on  roofs  or  on  walls  in 
up  climates.  In  dry  places  they  protect  from  dust,  draughts,  and  to  some 
ent  from  heat  and  cold.  They  are  generally  either  a  dull  red  or  gray  in  color, 
re  a  hard,  smooth  surface,  and  are  clean  to  handle.  They  are  always  put  up 
rolls  36  in  wide  and  usually  contain  500  sq  ft.  The  weight  varies  from  18  to 
lb  to  the  roll  of  500  sq  ft. 

ASixlating  and  Deadening- Quilts.  Among  the  insulating  and  deadening- 
Its  much  in  use  are  those  mentioned  below.  There  are  also  other  good  ma- 
a.ls  in  this  line  which  are  manufactured  and  used  for  insulating  and  oeadenlng 


(lieathlng-  Quilt.*  This  consists  of  a  felted  matting  of  eel-grass  held  in  place 
■reen  two  layers  of  strong  Manila  paper  by  quilting.  "The  long,  flat  fibers 
id-srass  cross  each  other  at  every  angle  and  form  within  each  layer  of  quilt 
timcrable  minute  dead-air  spaces,  that  make  a  soft,  elastic  cushion.    This 

*  Made  by  Samuel  Cabot  (Inc.),  Boston,  Mais. 
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gives  the  most  perfect  conditions  for  non-conduction."  Eel-grass  is  Am 
for  the  filling  because  of  its  long,  flat  fibers,  which  especially  adapt  k  \ 
felting;  because  of  its  great  durability,*  and  its  resistance  to  fire;  and  becfl 
owing  to  the  large  percentage  of  iodine  which  it  contains*  it  is  repellent  too 
and  vermin.  This  quilt  is  made  in  single  and  double-ply  thickness,  and  isf 
up  in  bales  of  500  sq  ft.  It  is  also  now  made  with  a  covering  of  asbestos,  vli 
tenders  it  thoroughly  fire-proof.  The  material  is  also  very  efficient  for  ki 
insulation.  When  used  for  this  purpose  there  is  no  objection  to  nails  pui 
through  it. 

Keystone  Hair  Insulator.  Another  material  used  for  sunilar  purposes  si 
Kejrstone  Hair  Insulator.f  This  consists  of  thoroughly  cleansed  catties'  li 
between  two  layers  of  strong,  non-porous  building  paper,  securely  Aitdied  I 
gether.  The  hair  is  chemically  treated,  so  that  it  is  coated  with  lime,  vii 
makes  the  finished  material  vermin-proof  and  odorless. 

Mineral- Wool  Deadeners,  which  are  fire-proof  sound-deadening  qniks 
rock-fiber  wool  stitched  between  two  sheets  of  building  paper  or  of  asbest 
paper  according  to  the  grade  desired,  are  made  by  the  Union  Fibre  Compaar 
Winona,  Minn.,  and  other  firms.  This  company  makes,  also,  what  is  aB 
Lith  and  Feltlino,  which  are  sound-deadening  materials  in  board  form.  Th 
manufacture,  also,  Linofelt,  a  building-quilt  of  flax-fibers  (unbleached  ia 
threads),  stitched  l^etween  water-proof  paper  or  asbestos  paper  according  to  set 
It  is  H  in  thick.  Linofelt  for  sheathing  in  place  of  ordinary  building  paper  al 
from  I  to  iji%  to  the  cost  of  a  house. 

Felt-Papers.  There  are  a  great  many  felt-papers  for  lining  floors  and  aSc 
are  made  fire-proof  by  means  of  chemicals.  As  a  rule  these  felts  are  cheaper  \k 
Cabot's  QUILT,  although  the  saving  in  an  ordinary  residence  would  be  but  Ettl 
and  even  among  the  felts  themselves  there  is  quite  a  difference  in  cost  ] 
choosing  a  felt-paper  for  lining,  the  architect  should  select  one  that  is  soft  a 
dastic  enough  to  form  a  cushion,  and  the  thicker  the  felt,  proWded  it  has  tl 
above  qualities,  the  greater  will  be  its  non-conduction.  Some  felts  are  aaa 
water-proof  by  an  asphalt  center,  which  is  an  advantage  in  case  of  fire  or  k^ 
but  some  authorities  think  that  it  is  doubtful  if  such  felts  obstruct  the  passi9< 
sound  as  well  as  felts  without  the  asphalt  center.  The  experience  of  sob 
acoustical  experts  seems  to  show  that  one  of  the  best  methods  of  deadening  isl 
a  combination  of  heavy  hair-felt  or  felt-paper  with  sheets  of  galvanized  oa 
Two  layers  of  felt,  each  from  ^  to  i  in  thick,  are  placed  on  cither  side  of  a  siai 
layer  of  galvanized  iron,  the  latter  resting  freely  between  the  fdt  layers.  11 
form  of  construction  is  to  be  preferred  where  the  deadening-material  is  not  1 
tached  to  the  enclosing  woodwork.  An  additional  layer  of  iron  and  of  Ik 
increases  the  effectiveness  of  the  combination. 

Saturated  Felts.]:  Common  roofing-felts  are  made  by  saturating  coBai 
dry  felt  with  «oaI-tar  pitch.  Roofing-felts  are  commonly  made  in  weights  of  1 
15,  and  20  lb  to  the  100  sq  ft.  Nothing  lighter  than  12  lb  should  be  usedi 
roofing.  They  are  usually  sold  by  weight.  Asphalt-felts  are  comnKmly  ati 
in  the  same  weights. 

Dry  Saturated  Tarred  Felts  are  specially  run  through  a  tier  of  calenk 
to  give  a  hard,  uniform  surface  and  contain  a  minimum  amount  of  ooal-u 

*  A.  sample  of  eel-grass  250  years  old  and  in  a  perfect  state  of  preservatkxi,  may  be  se 
at  Mr.  Cibot's  office. 

t  Made  by  Johng-ManviUe,  Inc.,  New  York. 

t  The  Barrett  Company  and  other  manufacturers  make  numerous  bruxk  of  rk 
gt»p«fv.:«  -  and  roofiag-papcrs. 
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jlQr  are  especially  ada|>ted  for  slaters'  use,  as  ^ay  wiH  carry  a  chalk  line  and 
K  easy  to  haiMlle.    The  rolls  are  36  in  wide,  contain  500  sq  ft  and  weigh  about 

lb. 

Asbestos  Building  Felts  are  usually  made  about  6,  10,  14  and  16  lb  to  the 
p  sq  ft,  although  different  manufacturers  make  different  weights.  They  come 
rolls  36  in  wide  and  are  sold  by  weight 

Bound-Deadening  Felts.  These  deadening-felts  are  made  by  various  manu- 
iurers.  In  one  of  these  felts  *  the  material  itself  is  rather  hard  and  thin,  but 
s  pressed  in  such  a  way  as  to  form  small  indentations  or  air-ceils.  This  makes 
ikstic  and  breaks  up  the  soimd-waves. 

Isbestos  Sheathing.  Sheathing-papers  or  building  felts,  made  of  asbestos, 
i  used  to  a  considerable  extent  for  floor-linings  and  for  covering  the  outside 
Ds  of  wooden  buildings,  principally  on  account  of  their  fire-proof  and  vermin- 
lof  qualities.  These  papers  are  well  known  in  the  trade  and  can  be  procured 
bout  difficulty.  They  are  supplied  by  the  manufacturers  in  50  or  lOO-lb 
by  36  in  wide,  on  a  basis  of  the  following  scale  of  weights: 

I  4  lb  to  the  100  sq  ft  x8  lb  to  the  100  sq  ft 

6  lb  to  the  100  sq  ft  20  lb  to  the  too  sq  ft 

8  lb  to  the  100  sq  ft  24  lb  to  the  100  sq  ft 

10  lb  to  the  100  sq  ft  32  lb  to  the  zoo  sq  ft 

12  lb  to  the  xoo  sq  ft  He  in  thick 

14  lb  to  the  100  sq  f t  ^  in  thick 

16  lb  to  the  100  sq  ft  H  in  thick 

lie  sheathing  in  the  H«,  Ha  and  H-in  thicknesses  is  used  only  for  special  pur^ 
es  where  an  unusually  thick  lining  is  desired  for  possible  fire-protection 
and  exposed  flues,  for  clumney-breasts,  etc.  When  the  weight  of  paper  ex> 
is  32  lb  to  the  square  foot  it  is  known  as  roli^board  and  is  no  longer  classed 
nreight  per  100  sq  ft,  but  by  thickness.  For  floor-linings,  16-lb  paper  is  gen- 
ly  employed,  this  weight  being  sufficiently  thick  and  strong  to  resist  ordi* 
f  damage  in  application  and  in  handling.  Asbestos  felts  and  building  papers 
ear  to  have  approximately  the  same  effect  in  retarding  the  passage  of  sound- 
"es  as  other  felt-papers  of  a  relatively  similar  thickness  and  quality,  while 
r  fire-proof  and  vermin-proof  qualities  are  a  distinct  advantage.  The  cost  of 
^tos  paper  and  building-felt,  while  somewhat  greater  than  that  of  the  ordi- 
r  papers  used  for  similar  purposes,  is  not  excessive.  The  market  price  varies 
depends  upon  the  fluctuations  of  the  market.  For  example,  the  cost  of 
sq  ft  of  x6-lb  asbestos  paper  varied  from  32  to  40  cts,  according  to  the 
iet,  before  the  war.f 

rftfer-Proof  Papers.  Neponset  Black  Sheathmg  is  water-proof  and 
iroof,  odorless  and  clean  to  handle,  and  is  an  excellent  paper  under 
Ig,  shingtes,  slate,  or  tin.  The  rolls  are  36  m  wide,  containing  250  and 
iqft. 

sponset  Red  Rope  Sheathing  and  Roofing.  This  is  made  of  rope- 
^  has  great  strength  and  flexibility,  and  is  absolutely  water-proof  and  air- 
:.  It  is  one  of  the  best  sheathing-papers  and  makes  a  good  cheap  roofing 
beds,  poultry-houses,  etc.  The  rolls  are  36  in  wide,  containing  100,  250  and 
iq  ft. 

feponset  Florian  Sound-Deadening  Felt,  supplied  by  Bird  &  Son,  East  Walpole^ 

liese  prices  are  now  much  higher. 
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Parchment  Water-Proof  Sheathing.  There  are  various  parchment-sU 
iogs  on  the  market  which  are  semitransparent,  have  anooth  sor&ces,  aid  i 
odorless,  water-proof,  air-proof  and  vermin-proof.  They  are  adapted  for  god 
sheathing  purposes.  In  general  i-ply  weighs  25  lb  to  900  9Q  ft;  i-pty^i^^ 
500  sq  ft;  3-ply.  35  lb  to  275  sq  ft.    They  are  36  in  wide. 

Cost  of  Building  and  Sheathing-Papers  in  Place.*  The  idOomBti 
though  necessarily  restricted  to  a  few  lines,  will  give  a  general  idea  of  the  oaA 
different  kinds  and  grades  of  sheathing-papers,  the  prices  given  being  bir  M 
ages  for  the  materials  applied  to  an  outside  wall  or  loof : 

Price  perm 
iquaiefeet 

Common  tarred  felts  (15  lb  per  square) 30  cts 

Red  rosin-sized  sheathing,  best  grades 25  as 

Monahan's  parchment -sheathing,  single-ply 26  ds 

Monahan's  parchment-sheathing,  double-ply 40  as 

Monahan*s  ship-rigging  tar-sheathing,  2 -ply 75  Os 

"Neponset "  black  (water-proof)  paper 45  as 

"Neponset"  red-rope  roohng $1.20 

Sheathing-papers  with  asphalt  center 40  to  50  rts 

Asbestos  building  or  sheathing-felt,  10  lb  per  square 22Vi  Os 

Asbestos  building  or  sheathing-felt,  14  lb  per  square 3ih  Os 

Cabot's  sheathing-quilt,  single-ply $1.05 

Cabot's  sheathing-quilt,  double-ply $1.25 

Barrett's  specification-felt 35  cts 

Barrett's  defender,  felt-sheathing 80  Os 

Sackett's  water-proof  sheathing 30  ds 

Empire  parchment-sheathing,  i-ply 25  ds 

Empire  parchment-sheathing,  2-ply . : 36  ds 

Empire  parchment-sheathing,  3-ply 50  ds 

Barrett's  red  rope %ijoo 

Barrett's  black,  water-proof  sheathing 40  ds 

PilNT  AND  TABNISH  f 

Pigments  and  Vehicles.  ThesoHd  ingredient  of  a  paint  is  called  the  puani 
and  is  a  fine  powder,  nearly  all  of  which  will  pass  through  a  brass-wire  skit* 
100  meshes  to  the  linear  inch;  in  fact,  most  pigments  are  much  finer  thantta 
and  those  formed  as  precipitates  by  chemical  processes  are  so  fine  that  that 
no  way  to  measure  them.  The  liquid  part  is  called  the  vehicle.  This  is « 
ally  linseed-oil,  sometimes  with  the  addition  of  a  little  turpentine  or  other  vdtfl 
solvent.  In  the  enamel  paints  it  is  varnish  and  in  kalaomine  and  other  c4 
water  paints  it  is  a  solution  of  glue,  casein,  albumen,  or  some  similar  cemotil 
material.    The  cementing  material  is  sometimes  called  the  binder. 

Ingredients  of  Oil-Paint.  White  lead  and  white  zinc  are  the  commoa  «U 
pigments.  There  are  white  pigments  of  variable  composition  called  leaded  a 
and  zinc  lead,  furnace-products,  composed  of  zinc  oxide  and  lead  sulphS 
There  is  also  a  basic  lead  sulphate,  commercially  called  sublimed  white  ta 
which  is  a  similar  furnace-product  consisting  chiefly  of  sulphate  of  kl 
These  composite  white  pigments  are  largely  used  in  mixed  paints.  utbopoI 
IS  a  mixture  of  sulphide  of  zinc  and  sulphate  of  barium.    It  is  voy  wfaitt  i 

*  All  prices  quoted  are  pre-war  prices  and  the  data  are  retained  for  porpoMt  of  (i( 
parison  and  relative  values.  j 

t  The  editor  is  indebted  to  Professor  Alvah  H.  Sabin  for  v&hiahle  assistance  is  ^ 
■  '   -  ''f  the  data  relating  to  this  subject. 
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4d  opaque  and  largely  used  as  the  basis  of  flat  wall-finishes  for  interior  work, 
jt  b  not  durable  for  exterior  work.  It  is  discolored  (grey)  by  strong  light,  but 
ds  is  not  a  very  serious  practical  objection.  White  lead  is  used  everywhere, 
4t  tends  to  yellow  somewhat  in  the  dark.  White  zinc  is  chiefly  used  on  interior 
ork,  being  the  whitest  paint  known.  Both  are  often  mixed  and  both  are  used 
.  mixed  paints.  Yellow  paint  is  commonly  chromate  of  lead,  or  chrome  yellow; 
ten  is  chrome  green,  which  is  a  mixture  of  chrome  yellow  and  Prussian  blue; 
.ue  b  ultramarine,  or  sometimes  Prussian  blue.  The  brilliant  reds  are  coal-tar 
»lors  as  a  rule;  the  dull  reds  and  browns  are  oxides  of  iron.  Ochres  are  dull 
dlow.  Carbon  forms  the  base  of  all  black  paints,  either  as  lampblack,  drop- 
Ack  (boneblack),  or  graphite.  Linseed-oil  is  either  raw  or  boiled.  Raw  oil  is 
le  oil  in  its  natural  state  as  it  is  extracted  from  the  seed;  it  should  be  settled 
id  filtered  perfectly  clear;  it  b  yellow  or  greenish  yellow  in  color.  Boiled  oil  is 
w  oil  which  has  been  heated  to  400^  or  500'  F.  with  compounds  (usually  oxides) 
lead  and  manganese;  it  is  darker  in  color  than  raw  oil,  and  dries  quicker. 
aw  oil  exposed  in  a  thin  film  to  the  air  is  converted  in  about  five  days  into  a 
ugh  leathery  substance;  boiled  oil  undergoes  thb  change  in  from  10  to  24  hours. 

Driers.  These  are  compounds  of  lead  and  manganese,  dissolved  in  oil,  and 
b  solution  thinned  with  turpentine  or  benzine.  They  act  as  carriers  of  oxygen 
tween  the  air  and  the  oil,  and  their  addition  to  a  paint  makes  it  dry  more 
pidly .  Some  driers  are  also  called  japans.  Not  more  than  10%  by  volume  of 
y  of  these  liquid  driers  should  be  added  to  oil.  Excess  of  drier  causes  the 
int  to  lack  durability.  Cheap  driers  often  contain  rosin.  It  is  well  to  specify 
at  driers  and  japans  should  be  free  from  rosin  (not  resin,  as  vambh-resins  are 
esent  in  some  of  the  best  driers). 

Priming  Coat.  This  is  the  first  coat  applied  to  the  clean  surface.  A  priming 
at  for  wood  b  chiefly  oil,  and  is  usually  equivalent  to  a  gallon  of  ordinary  paint 
inned  with  a  gallon  of  raw  linseed-oil.  Paint,  however,  is  not  thinned  to  make 
>rinuiig  coat  for  structural  metal.  In  all  wood-work,  nail-holes  and  other  de- 
ts  are  filled  with  putty  after  the  priming  coat  has  been  applied;  but  if  the 
od  is  resinous,  knots  and  resinous  places  must  be  covered  with  shellac  varnish 
fore  the  priming  coat  b  put  on.  Pitchy  woods,  such  as  southern  yellow  pine 
ci  cypress,  do  not  readily  absorb  oil,  and  turpentine  should  be  substituted  for 
rt  of  the  oil.  Red  lead  is  successfully  used  as  a  primer  (2  parts  to  x  of  white 
d)  on  such  woods;  thb  is  the  standaxd  practice  in  England,  and  b  better  than 
i  use  of  all  white  lead. 

Outside  Painting.  The  priming  coat  having  largely  been  absorbed  by  the 
od,  a  second  and  third  coat  of  paint  are  to  be  applied.  The  most  common 
int  used  on  houses  is  white  lead.  This  is  commonly  sold  as  paste  white  lead, 
itaining  8%  of  oil;  100  lb  of  this  is  equal  to  2.8  gal  in  volume,  and  is  commonly 
Kcd  with  3H  gal  of  raw  linseed-oil,  i  qt  of  turpentine  and  i  pt  of  drier  to  make 

gal  of  paint  for  the  second  coat;  or  with  4  gal  of  oil,  i  pt  of  turpentine  and  i 
of  drier  for  the  finishing  coat.  If  white  zinc  is  used,  9^  lb  of  dry  zinc  oxide 
I  5.7  lb  of  oil  make  i  gal  of  paint;  to  thb,  turpentine  and  drier  should  also 
abided.  White  lead,  after  about  a  year,  b^ns  to  chalk,  that  is,  its  surface 
omes  dry  and  chalky;  this  does  not  indicate  failure,  however,  and  it  makes  a 
«!  suriace  for  repainting.    Finely  reticulated  checking,  not  extending  through 

filmy  occurs  later,  and  when  sufficiently  marked  indicates  need  of  repainting. 
Any  paint,  when  cracks  begin  to  extend  through  to  the  wood,  repainting  b 
ed  for;  these  cracks  occur  sooner  on  pitchy  woods.  White  zinc,  if  used  alone 
outside  (not  inside)  work,  b  very  hard  and  tends  to  peel  off.  Mixed  paints 
spared  proprietary  paints)  generally  contain  dnc  mixed  with  either  white 
I  or  some  of  the  pigments  baaed  on  basic  lead  sulphate,  and  some  auxiliary 
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For  explanation,  see  page  1559 


Sectional  area  in  iquare  inches             J 

Length 

J 

1 

in  feet 

4 

6 

8 

10 

12 

14 

x6 

18 

sc 

ft  in 

ff 

ft  in 

ft 

in 

ff 

ft  in 

ft  in 

ff 

ft  t 

6 

2 

0 

3 

4   0 

5 

0 

6 

7   0 

8  0 

9 

10   1 

)    8 

2 

B 

4 

5   4 

6 

8 

8 

9   4 

10  8 

12 

U  1 

10 

3 

4 

5 

6   8 

8 

4 

10 

II   8 

13   4 

15   x6  11 

13 

4 

0 

6 

8   0 

10 

0 

12 

14   0 

16   0 

x8   20  ll 

14 

4 

8 

7 

9   4 

XI 

8 

14 

16   4 

18   8 

21  «  li 

16 

5 

4 

8 

10   8 

13 

4 

x6 

18   8 

21   4 

24  .  26  1 

18 

6 

0 

9 

12   0 

15 

0 

18 

21   0 

24   0 

27  ;  30  • 

20 

6 

B 

10 

13   4 

X6 

8 

20 

23   4  1 

26   8 

30   33  4 

22 

7 

4 

II 

14   8 

x8 

4 

22 

25  8 

29   4 

33   36  t 

24 

8 

0 

12 

16   0 

20 

0 

24 

28  0 

32   0 

36   40  t 

26 

8 

B 

13 

17   4 

21 

8 

26 

30   4 

34   8 

39 

43  «- 

28 

9 

4 

14 

t8   8 

23 

4 

28 

32   8 

37   4 

43 

46  1 

30 

xo 

0 

IS 

20   0 

25 

0 

30 

35   0 

40   0 

45 

50  0 

32 

10   J 

B 

16 

21   4 

26 

8 

32 

37   4 

42   8 

48 

53  4 

34 

II 

4 

17 

22   8 

28 

4 

34 

39   8 

45   4 

SI 

56  1^ 

36 

12 

0 

18 

24   0 

30 

0 

36 

42   0 

48   0 

54 

60  0 

38 

12 

B 

19 

25   4 

31 

8 

38 

44   4 

so   8 

57 

63  4 

40 

13 

4 

20 

26   8 

33 

4 

40 

46   8 

53   4 

60 

66  1 

42 

14   < 

D 

1 

21 

28   0 

35 

0 

42 

49   0 

56   0 

63 

70  c 

Sectional  ar 

eainsc 

luareincl 

bes 

24 

28 

30 

32 

35 

36 

40 

42 

48 

6 

it* 

ft 

in 

ft* 

ft 

in 

a  1 

m   ff 

ft  in 

ff 

ff 

12 

14 

0 

IS 

16 

0 

17 

6 

18 

20   0 

21 

»  1 

8 

16 

18 

8 

20 

21 

4 

23 

4 

24 

26   8 

28 

3» 

10 

20 

23 

4 

25 

26 

8 

29 

2 

30 

33   4 

35 

40  ' 

12 

24 

28 

0 

30 

32 

0 

35 

0 

35 

40   0 

42 

^ 

14 

28 

32 

8 

3S 

37 

4 

40  ] 

LO 

42 

i  46   8 

49 

56 

16 

32 

37 

4 

40 

42 

8 

46 

8 

48 

53   4 

56 

64 

18 

36 

42 

0 

45 

48 

0 

52 

6 

54 

60   0 

63 

72 

20 

40 

46 

8 

50 

53 

4 

58 

4 

60 

66   8 

70 

80 

22 

44 

SI 

4 

55 

58 

8 

64 

2 

66 

73   4 

77 

88 

24 

48 

S6 

0 

60 

&1 

0 

70 

0 

72 

80   0 

84 

96 

26 

52 

60 

8 

65 

69 

4 

75  1 

:o 

7« 

86   8 

91 

io« 

26 

56 

6S 

4 

70 

74 

8 

81 

8 

84 

93   4 

98 

112   i 

30 

60 

70 

0 

75 

80 

0 

87 

6 

90 

xoo  0 

10$ 

120 

32 

64 

74 

8 

80 

85 

4 

93 

4 

96 

106  8 

112 

128 

i   ^ 

68 

79 

4 

85 

90 

8 

99 

2 

102 

113   4 

X19 

U6 

36 

72 

84 

0 

90 

96 

0 

105 

0 

106 

120   0 

136 

144 

38 

76 

88 

8 

95 

lOI 

4 

110  x 

0 

"4 

126   8 

133   152 

40 

80 

93 

4 

100 

106 

8 

116 

8 

120 

X33   4 

X40  '  t6o 

42 

84 

.98 

0 

IQS 

112 

0 

122 

6 

126 

140   0 

147  ,  168 

*  The  measurements  m  these  columns  come  out  in  even  feeL 


Boaid-Measufe 


1561 
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Sectional  area  in  square  inches 

I.«existh 

in  feet 

56 

60 

64 

72 

8c 

t 

84 

96 

100 

XI2 

ft 

in 

ft* 

ft 

in 

ft* 

ft 

in 

ft* 

ff 

ft 

in 

ft  in 

4 

x8 

8 

20 

21 

4 

24 

26 

8 

28 

32 

33 

4 

37  4 

6 

28 

0 

30 

32 

0 

36 

40 

0 

42 

48 

SO 

0 

56  0 

8 

37 

4 

40 

42 

8 

48 

S3 

4 

S6 

64 

66 

8 

74  8 

10 

46 

8 

SO 

S3 

4 

60 

66 

8 

70 

80 

83 

4 

93  4 

12 

S6 

0 

60 

64 

0 

72 

80 

0 

84 

96 

xoo 

0 

1X2  0 

14 

65 

4 

70 

74 

8 

84 

93 

4 

98 

X12 

xx6 

8 

130  8 

16 

74 

8 

80 

85 

4 

96 

X06 

8 

ZX2 

128 

133 

4 

X49  4 

z8 

84 

0 

90 

96 

0 

108 

X20 

0 

X26 

144 

ISO 

0 

x68  0 

20 

93 

4 

xoo 

106 

8 

X20 

133 

4 

140 

160 

x66 

8 

x86  8 

22 

102 

8 

XIO 

117 

4 

X32 

X46 

8 

IS4 

176 

183 

4 

205  4 

34 

1x2 

0 

Z20 

X28 

0 

X44 

x6o 

0 

x68 

192 

200 

0 

224  0 

26 

121 

4 

130 

138 

8 

156 

173 

4 

182 

208 

2x6 

8 

242  8 

28 

X30 

8 

X40 

149 

4 

x68 

X86 

8 

196 

224 

233 

4 

261  4 

30 

140 

0 

ISO 

160 

0 

x8o 

200 

0 

2X0 

240 

250 

0 

280  0 

32 

149 

4 

160 

170 

8 

X92 

2x3 

4 

224 

256 

266 

8 

298  8 

34 

IS8 

8 

170 

X8i 

4 

204 

226 

8 

238 

272 

383 

4 

317  4 

36 

x68 

0 

180 

192 

0 

2X6 

240 

0 

252 

288 

300 

0 

336  0 

38 

177 

4 

190 

202 

8 

228 

253 

4 

266 

304 

3x6 

8 

354  8 

40 

186 

8 

200 

2X3 

4 

240 

266 

8 

280 

320 

333 

4 

373  4 

42 

196 

0 

210 

224 

0 

252 

280 

0 

294 

336 

350 

0 

392  0 

44 

20s 

4 

220 

234 

8 

264 

293 

4 

308 

352 

366 

8 

4x0  8 

46 

214 

8 

230 

24s 

4 

276 

306 

8 

322 

368 

383 

4 

429  4 

48 

224 

0 

240 

256 

0 

288 

320 

0 

336 

384 

400 

0 

448  0 

SO 

233 

4 

250 

266 

8 

300 

333 

4 

350 

400 

416 

8 

466  8 

52 

242 

8 

260 

277 

4 

312 

346 

8 

364 

416 

433 

4 

48s  4 

54 

252 

0 

270 

288 

0 

324 

360 

0 

378 

432 

450 

0 

504  0 

56 

26X 

4 

280 

298 

8 

336 

373 

4 

392 

448 

466 

8 

522  8 

58 

270 

8 

290 

309 

4 

348 

386 

8 

406 

464 

483 

4 

S4X  4  1 
S6o  0  f 

60 

280 

0 

300 

320 

0 

360 

400 

0 

420 

480 

500 

0 

62 

289 

4 

310 

330 

8 

372 

413 

4 

434 

496 

5x6 

8 

578  8  ) 

64 

298 

8 

320 

341 

4 

3S4 

426 

8 

448 

5X2 

533 

4 

597  4 

66 

308 

0 

330 

352 

0 

396 

440 

0 

462 

528 

550 

0 

6x6  0 

68 

317 

4 

340 

362 

8 

408 

453 

4 

476 

SU 

S66 

8 

634  8 

70 

326 

8 

350 

373 

4 

420 

466 

8 

490 

560 

S83 

4 

653  4 

72 

336 

0 

360 

384 

0 

432 

480 

0 

S04 

576 

600 

0 

672  0 

74 

345 

4 

370 

oW4 

8 

444 

493 

4 

5x8 

592 

6x6 

8 

690  8 

76 

354 

8 

3S0 

40s 

4 

4S6 

506 

8 

532 

60S 

633 

4 

709  4 

78 

3fi4 

0 

390 

416 

0 

468 

520 

0 

546 

624 

650 

0 

728  0 

80 

373 

4 

400 

426 

8 

480 

S33 

4 

S6o 

640 

666 

8 

746  8 

82 

382 

8 

410 

437 

4 

493 

546 

8 

574 

656 

683 

4 

76s  4 

84 

392 

0 

420 

448 

0 

S04 

560 

0 

588 

672 

700 

0 

784  0 

■ 

*  The  measorements  m  these  oofaimns  cone  out  in  even  feet. 


1572  F^mt  and  Vainali  FM 


•  file.  It  k  qpedaBy  witahlc  ior  Hraniwg  oat  miiliiHg*  «ad  «l 
faces  f lom  wfaich  the  vainidi  may  then  be  leimrod  wUk  stiff  fanafaeib  tf  it  is  M 
omvcnieiit  to  use  icxapen.  It  is  capedaliy  dcsinfalc  ip  hawc  ioopocraanm^ 
deanrd  in  this  way;  but  if  a  house  has  been  vannsbed  wjgiaillj  vith  a  bA 
dasB  vamiBh  it  may  be  neccaaaiy  only  to  wash  it  thuwwigMr  and  then  aiv^n 
other  coat  of  varnish.  Smoke  and  diit  nay  oltcn  be  thutuntfily  tomved  faa 
rriKnei  with  the  crumbs  of  fresh  biendL  where  washing  woold  not  be  dcnialik 
A  io%  solution  of  carbonate  ol  soda  (sal  soda)  in  hot  water  may  be  imd  k 
remove  okl  floor-wax. 

Thn  PaiiiHng  of  Stmctimd  StncL  Sted  bang  iwnalty  more  ptiiBaii 
than  wood,  as  wcil  as  more  expensive,  and  used  for  service  where  its  stragtki 
ctiential  to  the  stabiiity  of  the  stnicturep  its  protection  from  oorresioB  by  {■■* 
ing  is  of  much  importance.  It  must  fiist  of  all  be  reoogmzed  that  the  preciatiH 
always  taken  in  painting  wood,  to  secure  a  dean  surface  for  the  paint,  miat  Ml 
be  omitted  with  steel.  Mud  and  dirt  must  first  be  removed  from  the  sted;  tki 
H  must  be  examined  for  rust,  and  any  rust-spots  must  be  tboioiiigiiily  daad 
Loose  scale  may  be  removed  with  wire  brushes,  but  thick  and  doady  sdhoeol 
rust  must  be  removed  with  sted  scnpers,  or  with  hammer  and  cliisd  if  necessny. 
No  doubt  the  best  way  to  dean  sted  b  to  use  the  sand-blast,  but  itisnotavaiiilii 
for  much  architectural  woriL.  In  any  case  much  care  must  be  taken  toobtahi 
clean  surface.  On  wood  the  priming  coat  sinks  into  the  wood  and  forms  a  pohd 
bond  between  it  and  the  succeeding  coats;  but  on  metal  no  such  thing  is  pti 
sible  and  it  is  a  case  of  simple  adhesion,  which  demands  a  dean  surface  for  c& 
dent  results.  The  point  for  structural  metal  should  be  tough  and  elastic,  ad 
to  as  great  a  degree  as  possible  it  should  be  water-pnx>f .  Less  than  two  ca^ 
should  never  be  applied,  and  three  are  better.  Paint  is  always  thin  on  edges  id 
angles,  and  also  on  bolt  and  rivet-heads;  it  b  therdore  good  practice,  after  thi 
first  full  coat,  to  apply  a  partial  or  striping  coat,  covering  the  angles  and  edp 
and  the  surface  for  at  l^t  i  in  back  from  the  edges,  and  covering  all  bok- 
heads  and  rivet-heads.  After  thb  striping  coat  has  become  dry,  the  secoodfi 
coat  is  applied,  and  it  may  then  be  assumed  that  the  whole  smiace  has  recenid 
two  full  coats.  At  least  a  week  should  elapse  between  coats.  In  designxBgtk 
steelwork,  all  cavities  which  may  be  filled  with  rain  during  erection  should  h 
properiy  drained;  and  during  erection  all  small  cavities  should  be  filled  nd 
cement,  and  all  contact-surfaces  thickly  painted. 

Kinds  of  Paint  for  Stnictural  Steel.  Red  lead  b  more  generally  used  da 
anything  else  as  a  paint  for  structural  sted.  It  is  a  "  true  red  lead  "  (PhA),  a> 
ally  made  from  litharge  (PbO),  and  frequently  containing  from  lo  to  20%  of  Ai 
latter.  If  it  contains  much  litharge,  it  rapidly  thickens  when  mixed  with  oii  1^ 
finally  hardens;  this  makes  it  a  paint  difficult  to  apply.  If,  however,  the  matefl^ 
from  which  it  b  made  is  reduced  to  a  suffidently  fine  powder  before  it  boxidiid 
an  almost  completely  oxidised  red  lead  is  produced,  which  b  as  easily  wotU 
as  white  lead,  and  better  in  every  respect.  The  requirements  of  the  gomft 
ment  of  the  United  States  have  for  years  called  for  red  lead  of  not  less  than  9dl 
of  "  true  red  lead  "  (Pbi04),  and  the  Navy  Department,  as  wdl  as  several  lay 
railway  companies,  b  now  using  large  amounts  of  red  lead  which  has  not  less  tki 
98%  of  *'  true  red  lead."  It  nuiy  now  be  obtained  m  paste-form,  similar  to  di 
lead  and  containing  about  BH%  of  raw  linseed-oil.  33  lb  of  red  lead  (diy  9^ 
ment)  to  z  gal  of  oil  b  the  maximum  and  this  b  especially  suitable  for  hydra^ 
work;  28  lb  to  z  gal  of  oil  (containing  ao  lb  of  pigment  in  a  gallon  of  pi^ 
is  more  common;  while  2s  lb  to  a  gallon  of  oil  b  a  common  requirement  for  n^ 
road-specifications.  Findy  ground  graphite  in  linseed-oil  b  a  favorite  p4 
for  metal;  it  flows  wdl,  b  easily  applied,  less  expensive  than  red  lead,  and  if  4 


Window-Glass  and  Glazing  1573 

taade  gives  esoeUent  results.  Graphite  is  sometimes  mixed  with  lampblack,  piob- 
iUy  with  advantage.  Boneblack  is  also  an  important  ingredient  of  carbon 
FAINTS.  Formerly  oxide  of  iron  in  linseed-oil  was  used  more  than  all  other  paints 
tor  this  purpose;  but  while  many  engineers  still  like  it,  its  use  has  very  greatly  di- 
ninished.  Asphaltum  has  been  used  and  is  still  used,  as  a  varnish  either  aJone 
>r  in  combination,  and  some  of  these  asphaltic  preparatbns  are  fairly  satis- 
bctoiy.  The  fact  is,  that  a  really  competent  paint-manufacturer  can  make  a 
(casonsbly  good  paint  out  of  any  of  these,  and  if  the  paint  is  carefully  applied 
Jie  results  will  be  satisfactory.  There  are  great  differences  in  painters.  In  re- 
pud  to  the  surface  of  structural  steel  covered  by  a  gallon  of  paint,,  there  is  a 
peat  difference  of  opinion  among  experts.  Some  say  from  300  to  400  sq  ft, 
ithers  1000  or  1200  sq  ft.  The  truth  is  that  any  paint  may  be  brushed  out 
Bto  an  exceedingly  thin  film  by  a  skilled  workman,  while  ordinary  usage  results 
n  a  film  at  least  twice  as  thick.  The  general  opinion  is  that  it  is  not  wise  to  esti- 
nate  more  than  400  sq  f t  to  the  gallon  for  one  coat.  Varnish-paints  cover  less 
kan  oil-paints,  but  if  well  made  th^  are  very  durable. 

Fainting  on  Cement  and  Concrete.  Cement  and  concrete-work  are  diffi- 
alt  to  paint,  because  they  are  strongly  alkaline  and  even  caustic  when  new. 
fork  in  these  materials  should  be  allowed  to  stand  a  year  or  two  if  possible  be- 
•re  it  is  painted;  then  it  may  be  painted  with  any  ordinary  paint.  A  practice 
khich  has  been  highly  reconmiended  is  to  wash  the  surface,  repeatedly  if  possible, 
|fth  a  strong  solution  of  zinc  sulphate,  the  sulphuric  add  imiting  with  the  free 
ine  and  the  zinc  being  left  in  the  pores  as  an  oxide  or  hydrate.  Some  prepara- 
Uos  for  this  purpose  are  on  the  market;  and  while  some  are  probably  good, 
liias  are  to  be  distrusted.  The  best  way  is  to  allow  the  surface  to  age,  if  this 
i  at  all  possible. 

WINDOW-GLASS  AND  GLAZDfG  * 

Glazing.  The  glazing  of  windows  originally  belonged  to  the  painter's  trade. 
Eld  when  glass  is  broken,  it  is  still  customary  to  go  to  a  painter  to  have  it  re- 
laced;  but  custom  has  so  changed  in  some  parts  of  the  country,  that  when  new 
indows  are  to  be  glazed,  the  work  is  sometimes  done  at  the  mill  or  factory 
here  the  sashes  are  made,  sometimes  by  the  local  glass- jobber  in  the  town  where 
se  building  b  being  erected,  and  again,  in  other  localities,  the  glazing  of  new 
Liildings  is  still  done  by  the  painter.  Common  window-glass  is  usually  set 
ith  putty  and  secured  with  triangular  pieces  of  zinc  called  glaziers'  points, 
riven  into  the  wood  over  the  glass  and  covered  with  putty.  In  the  best  work,  a 
lin  layer  of  putty  is  first  put  in  the  rebate  of  the  sasli  and  the  glass  b  then  placed 
\  it  and  pushed  down  to  a  solid  bearing.  This  is  called  back-puttying.  The 
lints  are  then  driven  about  8  or  10  in  apart  and  the  putty  applied  over  the  glass 
id  points  so  as  to  fill  the  rebate.  Outside  windows  should  always  be  glazed  on 
te  outside  of  the  sash.  Common  window-glass  has  a  slight  bend  in  it,  the  re- 
Jt  of  its  original  cylindrical  shape;  it  should  be  glazed,  therefore,  with  the 
ovex  side  out,  as  thb  reduces  to  a  minimum  the  effects  of  the  waviness  when 
yking  through  it  either  from  the  outside  or  inside.  Plate  glass,  in  window^ 
shes  and  door-lights,  should  be  back-puttied  and  secured  by  wooden  beads. 

IiMided  Olase.  It  was  formerly  a  common  practioe  for  architects  to  name 
the  specifications  a  certain  sum  of  money  to  be  allowed  by  the  carpenter  tor 
B  leaded  glass  and  to  be  expended  under  the  direction  of  the  architect.    Where 

*  Condensed  from  article  on  Window-Glass  and  Glaziiig  by  Professor  Thomas  Nobo 
Bttildmg  CoostmctKA  and  Superintendence,  Part  II,  Carpcnten'  Woik,  by  F.  E. 
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dear  gfa»tr»aaed,  the  ittera  was  iiwiiitMi  i  sh&maoa  AeAatwrJagsiadth 
glass  was  Hmifirti  in  the  ame  mamer  as  aajr  other  wvrk.  Wbea  oolond  fb 
was  to  bensed.  it  was  cosioaanr  to  makr  a  defcnte  alowaare  aad  tiientott 
trust  the  woric  to  a  eood  art-dass  Ban^actimT.  B«t  kaded  glass  ihodd  bi 
designed,  furuisbed  and  pot  in  place  by  those  who  are  cctireiT'  CasSar  win  fi 
manafactare  and  its  fimitatioas;  the  puitAast  cpI  the  same  should  be  left  endRf} 
in  the  hands  oC  the  owner;  and  no  spedficatioa  as  to  its  price  or  onkc  shovhl  h 
tx$ed  bjr  the  architect.  The  colored-glass  windows  sfaodd  show- as  laadi  iai> 
vidiial  artistic  taste  as  any  other  pictare  or  decoration  naed  in  the  huiMipg.  Tk 
cheap  and  inartistic  leaded  glass  is  fast  hwianiiig  a  thwig  of  the 
are  confining  themselves  to  porely  works  of  ait  placed  in 
location  in  the  building. 

Sheet  Glass.  General  Descripdon.  Comiron  window-glass  h  techiik4r 
kriown  as  sheet  ciass  or  cyuxdex  glass.  ^It  b  made  by  the  workmen  dip- 
ping a  tube  with  an  enlarged  end  in  the  mohcn  glass  <m-  hetal  until  from  7  to  lo 
lb  are  gathered  up.  Then  it  is  .blown  out  sKgbtly  by  the  workman,  taken  oei 
blowing-tube  and  stiD  further  blown  and  raanipolated,  until  a  cyliader  ahat 
15  in  in  diameter  and  60  in  long  is  formed.  TUs  cyfihder  has  the  two  esdi 
trimmed  off  and  is  then  cut  longitiidinally  and  gradoaDy  wanned.  It  is  tha 
placed  on  a  large  flat  stone  supported  hy  a  carriage;  whov  it  is  heated  antiit 
loftens  sufficiently  to  open  out  flat;  the  carnage  is  then  pvsfaed  into  the  annal- 
Ag-chamber  and  the  sheet  taken  off."  About  the  jrear  foioy  sheet  giui  Umi 
by  machineiy,  utilizmg  compressed  air,  was  perfected,  and  the  result  has  bceii 
gradual  decrease  in  its  cost.  The  cylinder  blown  by  oompicsaed  air  is  split  ofB 
and  flattened  out  in  just  the  same  manner  and  b>*  the  same  process  as  in  tte 
mouth-blown  cylinder. 

Grades  and  Qualities  of  Sheet  Glass.  Sheet  glass  is  graded  as  DOrBLE-TBC^ 
or  SINGLE-THICK,  and  each  thickness  is  further  divided  into  three  qualities,  nssi, 
SfiCOND,  or  THIKD,  according  to  its  relative  freedom  from  defects.  The  price  vans 
according  to  the  strength  and  quality.  It  should  be  remembered  that  sheet  fibs 
is  always  wavy,  the  result  of  the  flattening  of  the  cylinder.  Many  suppose tbt 
by  designating  sheet  glass,  crystal-sheet  class,  selectci>-sheet  glass,  or 
SHEET  glass  FREE  FROM  WA\'ES  AND  lUPERFECTioxs,  a  sheet  gLiss  free  from  vans 
and  blemishes  can  be  obtained.  The  terms  and  names  do  not  change  the  raMt 
of  this  glass,  which  still  remains  sheet  glass,  characterized  by  the  dtfects  inheroi 
in  the  method  by  which  it  is  manufactured.  To  obt^dn  a  thin  glass,  free  fna 
wavinesSy  plate  glass,  H  in  thick,  sometimes  known  as  crystal  plate,  or  phtt 
glass  9ie  in  thick,  must  be  specified.  Since  the  improvement  in  the  mtin^ 
tare  of  window-glass  in  this  country,  scarcely  any  sheet  glass  is  now  imported  l» 
glazing  purposes.  A  small  amount  of  Belgian  sheet  gla^  is  brou^t  to  tv 
country  and  used  along  the  Atlantic  seaboard  for  picture-framing.  The  k* 
prices  of  the  American  sheet  glass,  and  its  excellent  quality,  have  pfactic4r 
forced  imported  sheet  glass  out  of  the  market.  AH  common  sheet  glass,  withrf 
regard  to  quality,  is  graded  according  to  thickness,  as  single-thick  or  DOTEff- 
THICK.  The  thickness  of  the  double-thick  glass  is  a  scant  H  in  while  that  of  the 
single-thick  averages  about  l^-ia  in.  It  is  customary  to  use  the  double  tWckKSi 
for  sheet  glass  over  24  in  in  width.  The  best  quality  of  sheet  glass  is  specified  B 
A  A,  the  second  as  A  and  the  third  as  B. 

Sizes  of  Sheet  Glass.  The  regular  stock-sizes  vary  by  inches  from  6  to  i*>« 
In  width.  Above  that  they  vary  by  even  inches  up  to  60  in  in  width  and  70 in* 
length  for  double  thickness,  and  up  to  30  by  50  in  for  single  thickness. 

Cost  of  Sheet  Glass.  The  prices  for  sheet  glass*  as  for  all  other  dear  ^ 
vary  ^  '  '"^^  strength  and  quality.    Prices  are  determined  by  a 
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pt  pcice-Hst,'*  giviag  the  price  for  each  size,  in  both  thicknesies,  and  ail  qualities; 
and  from  these  prices  a  veiy  large  discount  is  allowed.  Fluctuations  m  prices 
are  regulated  by  the  discount,  the  list  usually  remaining  unchanged  for  a  number 
of  years.  The  price-list  prevailing  in  1913  was  in  use  from  October  i,  1903. 
The  only  way  to  ascertain  the  price  of  a  light  of  glass  of  a  given  size  is  to  find  it 
from  the  price-list,  from  which  the  discount,  quoted  by  the  glass-dealer,  must  be 
deducted.  For  the  benefit  of  the  Pacific  Coast  trade  there  is  a  Weston  Glass 
List  t  which  differs  somewhat  from  the  Eastern  list.  The  list  is  for  sheet  glass, 
the  plate  glass  lists  being  the  same  in  the  East  and  West.  The  price  per  square 
foot  increases  rapidly  as  the  size  of  the  pane  increases,  so  that  it  is  much  cheaper 
to  divide  a  large  window  into  eight  or  twelve  lights  than  into  two  lights.  Com- 
pared with  the  cost  of  the  building,  however,  the  glass  is  a  small  item  and  in  the 
better  classes  of  buildings  each  sash  is  usually  glazed  with  a  single  light  of  glass. 
Iji  factories,  workshops,  etc.,  where  there  is  usually  a  large  amount  of  glass- 
furface,  the  size  of  the  lights  is  not  of  so  much  importance,  while  the  saving  by 
ising  small  lights  is  quite  an  item;  hence  twelve-light  and  even  sixteen-light 
^'ndows  are  generally  used  in  such  buildings.  The  following  table  shows  quite 
Jearly  the  relative  cost  (19 13)  per  square  foot  of  different-sized  panes  of  Ameri- 
can glass,  the  prices  given  being  an  average  at  that  time  for  the  whole  country. 

Comfaratira  Coat  (19x3)  of  Ameikan  Sheet  QlMtM  par  dqoai*  FooC»  Baaed 
ITpon  a  Discwmt  of  90  and  ao  Per  CeoC  es  the  Liat  of 

October  X,  1903 1 


Sizes  of  lights  in  inches 

Grades 

I0XX2 

XSX20 

24X34 

30X36 

36X40 

40X60 

60X70 

Priees  in  cents  per  square  foot 

Double  strength: 

First  quality 

Second  quality. . . . 
Single  strength: 

First  quality 

Second  quality.... 

7.0 
6.0 

S.o 

4.3 

8.3 
7.3 

4.8 
4.5 

9.4 
8.3 

«.4 
5.6 

10. 0 

9.0 

6.8 
6.0 

Z0.8 
10.0 

X4.0 
14.4 

29.2 

27.0     1 

Crystal-Sheet  Glass,  36-Ounce.  This  glass  is  made  by  the  cylinder-process. 
It  is  a  little  thicker  than  the  ordinary  double-strength  glass.  It  is  probably 
le  best  glass  made,  next  to  plate  glass,  but  owing  to  the  method  of  its  manu- 
cture  is  necessarily  characterized  by  a  wavy  appearance.  If  good  glass  is 
quired  for  first-class  residences,  hotels,  office-buildings,  etc.,  polished  plate 
ass  should  be  used.  The  latter  invariably  gives  satisfaction,  while  sheet  glass, 
» matter  of  what  thickness,  is  usually  disappointing  in  its  appearance. 

Defecte  of  Sheet  Glaaa.    AH  sheet  glass,  when  looked  upon  from  the  outside, 
\s  &  wavy,  watery  appearance,  Hke  the  suriace  of  a  lake  slightly  agitated  by 

*  The  price-lists  of  glass  have  been  omitted  is  th^  can  readily  be  obtained  from  the 

ins  dfs Irm  in  any  city.    Such  liRtg  are  not  of  much  service  unless  they  are  complete; 

d  the  full  lists  are  too  long  to  be  inserted  in  a  condensed  handbook. 

f  This  list,  with  discounts  from  the  prices  given,  may  be  obtained  from  the  W.  P.  FuUer 

vrafMny,  San  Francisco,  Cal. 

I  Much  ▼ahiable  information  in  regard  to  Window-Glsss  and  Glazing  was  furaiBhcd  bgr 

c.  S.  C  Gil9«c  el  the  Hires-Tunier  Glass  Company.  Philadelphia,  Pa. 
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the  wind;  and  when  the  sunshine  falls  upon  it  the  inegularity  of  the  auxfiai 
greatly  emphasized.  This  characteristic  of  sheet  glass  is  due  to  its  being  lak 
in  the  shape  of  a  cylinder  and  then  stretched  or  flattened  out  into  a  sheet,  aodt 
cannot  be  wholly  avoided.    Besides  this  universal  defect,  the  cheaper  grades  an 

often  STRINGY,  BUSTERY,  SULPHURED,  SMOKED,  Or  STAINED;    SO  that,  in  k»ki9| 

through  the  glass,  objects  seen  at  a  distance  are  deformed  and  distorted. 

Plate  Glass.  General  Description.  Plate  glass  is  commonly  knom  s 
POLISHED  PLATE  GLASS  because  its  surface  is  finely  polished  and  thus  made  cbr 
and  transparent.  It  is  more  largely  used  every  year  for  windows  of  fint  rci 
dences,  hotels  and  office-buildings,  where  transparency  is  desired  from  the  iisk 
and  an  elegant  appearance  required  on  the  outside.  The  process  of  manufactiR 
of  plate  glass  is  entirely  different  from  that  of  sheet  glass.  In  making  plate  giaai 
the  metal,  which  is  prepared  with  great  care,  is  melted  in  large  pots  and  thenca^ 
on  a  perfectly  flat  cast-iron  table.  "The  width  and  thickness  of  the  plate  is 
determined  by  means  of  metal  strips  called  guns,  which  are  fastened  on,  aodoa 
which  a  heavy,  metal  roller  travels.  The  ends  of  the  guns  are  tapered  so  ilat 
when  the  roller  is  at  one  extremity,  it  and  the  guns  form  three  sides  of  a  staki, 
rectangular  dish.  The  molten  metal  is  poured  on  and  the  roller  passed  aiias 
slowly,  forcing  the  metal  in  front  of  it  and  rolling  out  the  sheet."  The  sheet  is 
then  annealed  and  forms  what  is  known  as  rough  flaxe,  which  is  used  for  vvMr 
lights,  skylights,  floor-lights  and  the  like.  "For  polished  plate  the  rou^  ^ 
is  carefully  examined  for  flaws,  which  are  cut  out,  leaving  the  laxigest-sized  sbft 
practicable.  The  plate  is  then  fastened  to  a  revolving  table  by  means  of  pbsttf 
of  Paris,  and  two  heavy  shoes,  shod  with  cast  iron,  are  mounted  over  it.  Tk 
table  is  then  revolved  and  sand  and  water  fed  onto  the  surface;  the  shoes  rtk^ 
also,  going  over  all  parts  of  the  plate  and  grinding  it  down  to  a  true  pltft 
Emery-powder  is  then  fed  on,  in  successive  degrees  of  fineness  until  the  plates 
made  absolutely  smooth  and  all  grit  removed.  After  this,  new  rubbeis.  sbsl 
with  very  fine  felt,  are  put  on  and  liquid  rouge  is  added  for  the  polishing.  ^"^ 
one  side  is  completed  the  other  side  is  similarly  treated,  the  plate  losing  afa^ 
40%  in  weight  by  the  operation." 

Qualities  of  Polished  Plate  Glass.  For  glazing  purposes  there  is  but  (tf 
quality  of  plate  glass  on  the  market.  The  best  of  thb  is  selected  for  manufacti?* 
ing  mirrors.  At  one  time,  plate  glass  was  extensively  imported,  but  the  givh- 
ally  improving  methods  of  the  American  manufacturers,  as  well  as  the  grot 
cheapening  of  the  process,  have  practically  eliminated  imported  {date  gjass  fnia 
the  market.  The  American  plate  glass  is  equal  in  every  re^)ect  to  that  wlad 
was  imported.  The  usual  thickness  of  polished  plate  glass  is  from  }i  to  h*  a 
but  it  can  be  made  thinner  than  this;  and  when  required  for  residence- wind j« 
or  car-windows,  may  be  obtained  in  ?i«  or  Vi-in  thicknesses.  It  is  manufacture 
from  the  same  thickness  of  rough  plate  used  for  the  ordinary  thicknesses  bAt 
ground  down  thinner  and,  owing  to  the  additional  cost  of  grinding,  as  well  as© 
the  risk,  is  more  expensive  than  glass  of  the  ordinary  thickness. 


Cost*  of  Polished  Plate  Glass.  The  cost  of  plate  glass  of  ordinary 
varies  with  the  size  of  the  lights.  The  net  price  of  polished  plate  glass  (i9U) 
glazing  quality,  was  about  45  cts  (S0.45)  per  sq  ft,  for  sizes  of  not  more  thaa  i^ 
sq  ft  per  plate,  50  cts  (S0.50)  per  sq  ft  for  sizes  containipg  from  10  to  50  sq  ft  pa 
plate,  and  65  cts  (S0.65)  per  sq  ft  for  sizes  containing  not  more  than  im  sq  tt  ptf 
plate.  For  larger  sizes  the  price  increased  rapidly  up  to  $2.00  per  sq  f t.  A 
price,  however,  can  be  accurately  determined  only  by  means  of  a  price-Bst  w 
discount.  The  price-list  in  use  (1913)  was  introduced  in  March,  igxo,  and  i^ 
*  These  are  pre-war  prices  and  the  data  are  retained  for  purposes  of  compamoB. 
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HfiKDimt  was  about  90%.  Plate  glass  ^e  in  thick  costs  1 5%  more  than  glass  of 
(the  regular  thickness  on  account  of  the  extra  expense  of  grinding  it  down.  Plate 
glass  H  in  thick  costs  from  35  to  40%  more  than  ghus  of  the  regular  thickness. 

Sixes  of  Polished  Plate  Glass.  Plate  glass  is  cut  into  stock  sizes,  varying  by 
even  numbers  from  6  by  6  in  up  to  144  by  240  in,  or  138  by  260  in. 

Comparative  Cost  of  Different  Kinds  of  Window-Glass.  The  following 
table  gives  an  idea  of  the  comparative  cost  of  the  different  kinds  and  qualities 
of  glass  used  in  this  country  for  grazing.  The  prices  for  the  sizes  are  the  1914, 
set,  average  prices.  The  first  column  of  the  table  gives  the  kinds  of  glass,  and 
mcludes  both  the  American  plate  and  the  American  sheet  glass.  The  other 
columns  of  the  table  give  the  sizes  of  the  different  lights  in  inches. 


Comparative  Cost  of  Different  Kiods  of  Window  Glass  * 


Kinds  of  glass 


American  Plate  Glass 

Glazing-quality 

Crystal^heet  glocs,  26-os 

American  Sheet  Glass 

Doubl^4trength,  first  quality. . . . 
Double-strength,  second  quality. , 

Single-Strength,  first  quality 

Single-strength,  second  quality... 


Sizes  of  lights  in  inches 


24X32 

30X36 

36X40 

48X60 

12. 35 

I3.38 

l4.6o 

t9-8o 

1. 00 

I.S4 

a.34 

6.66 

0.54 

0.83 

1. 25 

355 

0.47 

0.73 

1. 13 

3  30 

0.37 

0.56 

0.32 

o.So 

j 


It  will  be  seen  from  this  table  that  the  relative  difference  in  the  cost  of  plate 
ad  sheet  glass  decreases  rapidly  as  the  sizes  of  the  lights  increase.  The  prices 
I  this  table  are  based  on  the  list  of  October  i,  1903,  on  a  discount  of  90%  for 
late  glass,  90  and  20%  for  American  sheet  glass  and  85%  on  AA  double- 
lick  for  26-^  crystal-sheet  glass. 

Wire-GUst.    This  is  described  in  Chapter  XXm,  page  821. 

Figured  Rolled  Glass.  This  is  a  translucent  or  obscured  glass  with  a  pat- 
m  stamped  on  one  surface.  As  the  molten  metal  is  rolled  out  on  the  table, 
le  design,  cut  into  the  table,  imprints  itself  into  the  soft  glass.  This  kind  of  glass 
IS  almost  entirely  supplanted  the  ordinary  ground  glass  because  of  its  greater 
eanliness.  There  are  several  popular  designs  on  the  market,  made  by  various 
anufacturers.  Some  of  the  designs  in  common  use  are  known  as  moss,  maze, 
nxtmAi^  TLORENTINE,  COBWEB,  etc.  This  glass  is  usually  made  H  in  thick  and 
large  sheets  from  24  to  42  in  wide  and  from  8  to  10  ft  long.  Maze,  flosen- 
^fE  and  cobweb  designs  can  be  had  either  with  or  without  the  wire  mesh  in 
em.  One  important  property  of  figured  rolled  glass  is  that  of  diffusing  the 
fat  which  passes  through  it.     (See,  also,  pages  1453  and  1554.) 

Pressed  Prism-Plate  Glass,  f  This  is  manufactured  in  different  patterns  and 
r  different  purposes  and  includes  (i)  Imperial  Prism-Plate  Ornamental  Glass 
five  different  patterns,  (2)  Imperial  Prism-Plate  Glass  and  (3)  Imperial  Sky- 
byt  Prism  Glass.    The  general  description  is  as  follows: 

*  These  are  pre-war  prices  and  the  data  are  retained  lor  purposes  of  comparison. 
\  Manufactured  by  the  Pressed  Prism  Plate  Glass  Comiiany,  Chicago,  HL  Sof 
»,  pages  X453  to  X456. 
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(i)  Imperial  Pmni-Plate  Onuunotal  Glus  b  plale  glae  sromid  and  poGihd 
on  one  side.  It  is  nunnfactarad  in  pbtea,  $4  1^  73  or  73  by  54  in,  can  be  arf 
into  smaDcr  mats,  and  b  made  in  five  different  stock  patterns.  It  ia  used  in 
modem  merraotil^  oflke  and  public  buiidings  Cor  partirio«\  ffan^iwM>  doar- 
lights,  vestibule  doors,  ornamental  ceiling-lights,  bank-windows  and  other  street- 
windows,  and  in  all  places  where  semiobscuxity  and  ornamental  effect  are  desxnd. 
On  account  of  its  prismatic  qualities  it  gives  a  strong  diffusion  of  light  for  office 
use  where  privacy  is  desired. 

(2)  Imperial  Prism-Plate  Glass.  This  is  manufactured  in  large  sheets,  54  bf 
7  2  or  7  2  by  54  in,  and  can  be  cut  into  smaller  sizes.  It  b  made  in  several  differeoft 
angles  in  order  to  obtain  the  proper  diffusion  of  Ug^t  for  varying  conditions.  It 
is  a  plate  glass,  ground  and  polbhed  on  one  side.  There  are  no  wires  or  bars  ta 
collect  dirt  and  retard  the  light  and  it  b  very  easily  cleaned.  It  b  used  in  tk 
upper  sashes  of  windows  and  in  transoms,  store-fronts,  etc. 

is)  Imperial  Skylight  Prism  Glass.  Tfab  b  made  in  unit  plates,  x8  by  60  ii, 
with  a  ^^in  back,  and  conforms  to  the  requirements  of  the  Board  of  Fire  Insor- 
uice  Underwriters.  It  b  used  for  skylights,  roofs  over  areawsys  and  in  hgfai- 
wells,  etc.  The  possibility  of  leakage  b  lessened  on  account  of  the  Urge-siaed 
plates  in  which  it  may  be  obtained.  These  plates,  however,  can  be  cut  inia 
smaller  sizes  if  required.  It  b  particularly  adapted  for  lighting  the  rear  psxts 
of  stores  and  for  railway-stations,  sheds,  etc. 

Prion  GUUM,  for  glasing  windows,  skylights  and  sidewalk-Ugfatab  b  now  naat- 

factured  in  a  laige  niunber  of  forms  in  both  prisms  and  sheets,  and  by  sevcnl 
companies.  The  diffusing  properties  of  several  types  are  described  on  pages 
1453  to  X456  imder  the  subject  of  lUomination.  Thb  glass  b  made  with  shai^ 
prisms  which  are  glazed  horiaontally  in  the  windows  and  by  refracting  the  figll 
throw  it  back  horizontally  into  the  rooms,  adding  very  materially  to  the  xt- 
tenor  lighting.  It  b  manufactured  by  sevecal  rnmpanifs  and  can  be  ptuturrf 
from  glass-jobbers  in  practically  all  the  cities  of  the  United  States.  (See,  abv 
page82x.)  Gbss  prisms  for  Ugfatiog  are  made  of  pieces  of  glaaBcl  standaidi- 
meiLHions,  about  4  in  square,  with  a  smooth  outer  surface  and  an  ixuier  smfacedh 
vided  into  a  series  of  prisms.  They  are,  in  many  cases,  formed  into  plates  bf 
the  process  of  electroglazing,  the  edges  of  the  prism-lenses  being  welded  togethes; 
so  to  speak,  by  a  narrow  line  of  copper  which  gives  the  desired  stiffness  aad 
strength  for  use  in  large  frames,  and  also  an  attractive  appearance  consideccd  bf 
some  to  be  superior  to  ordinary  leaded  work.  These  prism-plates  can  be  xtak 
in  any  desired  size,  but  for  very  large  surfaces  two  or  more  plates,  divided  bf 
means  of  metal  sash-bars,  are  generally  used.     (See,  also,  page  831.) 

The  commercial  value  of  these  prbms  depends  on  that  property  of  gjass  wbid 
causes  what  is  known  as  refraction.  Prism-plates  recei\  e  the  light  from  tbe 
sky,  not  necessarily  from  the  sun,  and  refract  or  turn  it  back  into  the  room  wbkk 
is  to  be  lighted.  With  an  ordinary  window  the  light  from  the  sky,  passlqc 
through  the  glass,  strikes  the  floor  at  a  point  not  very  far  distant  from  the  windov- 
As  the  color  of  the  floor  is  usually  dark,  reflecting  perhaps  only  one-tenth  put 
of  the  light  falling  on  it,  the  rear  parts  of  the  room  receive  only  a  small  poctioi 
of  the  light  which  enters  the  window.  For  this  reason  it  has  been  necessary  tt 
make  very  high  stories  for  deep  rooms,  in  order  to  light,  even  modei%td>%  thaa^ 
parts  which  are  at  a  distance  from  the  window.  When  prisms  are  substitute! 
for  the  common  window-glass  or  plate  glass,  the  rays  of  light  as  they  enter  tb^ 
glass  are  refracted,  and  by  employing  prisms  of  the  proper  angle,  the  rays  iW 
be' given  almost  any  direction.  Moreover,  by  utilizing  different  prisms  mtw 
same  plate,  some  of  the  rays  may  be  directed  to  the  rear  of  the  loom  while  ( 
are  thrown  so  as  to  strike  near  the  front.    The  priam-pUtes  do  not  a 
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pKB^tf  of  ligbt  entering  the  window,  but  simply  redistribute  it,  directing  it 
Ito  those  portions  oi  the  room  in  which  it  is  most  needed.  By  thus  changing 
%t  direction  of  light-rays  a  room  with  a  low  ceiling  can  be  better  lighted  than 
rhen  sheet  or  plate  glass  is  used.  To  insure  success  in  the  lighting  of  interiors 
y  means  of  prisms  requires,  however,  a  superior  quality  of  glass,  and  careful 
dentific  calculations  and  experiments,  besides  practical  and  attractive  means 
f  glazing  and  methods  of  installation.  These  requirements  have  been  met  by 
be  several  con^>anies  making  these  prisms  and  their  products  may  be  con- 
idered  among  the  relatively  new  building  materials.  They  have  been  veiy 
accessfuily  applied  to  the  Hgfating  of  dark  rooms  by  daylight.  The  application 
f  prisms  to  any  particular  building  depends  upon  the  surrounding  conditions 
ad  requirements,  each  case  requiring  some  special  treatment;  but  in  a  general 
my  the  various  appliances  iised  in  the  installations  may  be  divided  into  four 
asses  as  follows: 

(x)  Vertical  Plates,  which  are  set  directly  in  the  sashes  in  place  of  the  ordinary 
bdow-glass.  They  are  commonly  used  for  the  transom-lights  of  store-windows 
id  the  upper  sashes  of  double-hung  windows.  They  may  also  fill  the  entire 
indow. 

(a)  Foriluzes»  which  are  vertical  prism-plates  set  in  independent  frames  and 
iced  in  window-openings  substantially  flush  with  the  face  of  the  wall. 
1(3)  Canopies,  which  are  external  prism-plates  in  independent  frames,  placed 
fa  window-openings  and  set  at  an  angle  with  the  vertical,  a  position  similar  to 
lit  of  an  ordinary  awning. 

(4)  Pavement-Prisms,  which  are  set  in  iron  frames  in  the  pavements  or  side- 
llks,  in  place  of  the  ordinary  bull's-eye  lights.  In  connection  with  the  pave- 
mt-prisms,  when  a 
Jl-Kgfated  basement  is 
sired,  vertical  plates  of 
isms,  hung  below  and 
posite  the  pavement- 
hts,  are  often  used. 
lese  hanging,  vertical 
lies  receive  the  light 
m  the  pavement- 
sms,  and  again  chang- 
:  its  direction,  project 
horizontally  into  the 
lement.  This  feature 
illustrated  in  the 
ire  here  given,  reproduced  through  the  courtesy  of  the  Luxfer  Prism 
oapany. 

rhe  canopies  may  be  made  either  stationary  or  adjustable  and  may  be  em* 
yed  in  a  variety  of  ways,  combining  the  useful  with  the  ornamental.  The 
t^ng,  vertical  plates  lend  themselves  to  a  highly  decorative  treatment.  In 
h  the  fixed  and  hanging  vertical  plates  the  prisms  may  be  arranged  to  pro- 
e  ornamental  effects,  and  designs  may  be  inwrought  on  the  face  of  the  prism- 
tes  to  correspond  with  the  designs  worked  into  the  surfaces  of  the  building 
,  'vrith  the  style  of  the  entire  fayade.  The  prism-plates  weigh  no  more,  and 
n  less,  than  plate  glass  of  the  same  size,  while  they  are  much  stronger  in 
iting  wind-pressure,  the  action  of  hail  and  the  impact  of  fljring  fragments, 
ftcnxgh  transmitting  a  very  large  amount  of  light,  these  prism-plates  are  not 
uBporettt  In  the  ordinary  sense,  and  may  thus  be  used  as  screens  to  hide  un- 
active  views  or  to  prevent  persons  looldng  either  in  or  out  of  a  window.    At 
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Window-Glass  and  Glazing 
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the  same  time  a  maximum  quantity  of  light  is  admitted.  The 
owing  to  the  stiff,  durable  manner  in  which  they  are  united  by  the  ded 
glazing  process,  serve,  also,  as  a  6re-retardant  or  as  a  partial  sabstitnte  Usi 
ordinary  iron  fire-shutters.  The  copper  glazing  forms,  as  it  were,  a  oaotM 
rivet,  which  holds  the  individual  prism-lights  together,  even  after  they  hi 
become  badly  cracked  by  the  action  of  fire  and  water.  The  details  of  tile  n 
ous  makes  of  prisms  are  too  complicated  to  be  set  forth  in  a  few  pages,  bot  d| 
are  well  described  in  the  various  handbooks  and  catalogues  published  br  ll 
different  manufacturers.  From  a  conunercial  point  of  view  the  qxdila 
vantages  of  these  systems  of  interior  lighting  are  manifold.  They  tzao^ 
rooms,  particularly  basements,  otherwise  too  dark  for  occupancy,  into  iMdi 
producing  spaces;  in  many  buildings  they  do  away  with  the  use  of  h^-iUl 
thus  saving  a  large  amount  of  valuable  floor-space;  and  in  all  hife  oc  ^ 
rooms  they  effect  a  great  saving  in  artificial  lighting.  Once  installed,  that 
no  cost  for  maintenance.  The  extent  to  which  these  prisms  have  beenasell 
architects,  in  both  new  and  old  buildings,  shows  that  they  have  had  a  deal 
influence  upon  commercial  architecture. 

Glass  for  Skylights.  General  Description.  The  glass  ordinarily  used  ■ 
for  skylights  is  either  rough  or  ribbed  skylight-glass,  and  since  the  great  cknpe 
ing  in  the  process  of  manufacturing  glass  with  wire  mesh  in  it,  wire-glass,  ^ 
being  largely  used  for  this  purpose.  The  sizes  used  depend  largely  opo&t 
pitch  of  the  skylight,  small  sizes  being  more  desirable  when  the  pitch  is  sV 
The  weight  of  rough  or  ribbed  glass,  with  or  without  wire  mesh,  b 
as  follows: 


Weight  of  Rough  or  Ribbed  Glass 


Thickness  in  inches. 
Weight  in  pounds. . . 


H 


2H 


3^4 


H 


^i 


H 


Cost  of  Skylight-Glass.*    The  different  kinds  of  skylight-glass  in  smaH  (^ 
titles  were  quoted  (19 14)  about  as  follows: 


Cost  of  Skyli^t-Glass 


Kinds  of  glass 


Rough  or  ribbed  skylight-glass,  H-in . . , 
Rough  or  ribbed  skylight-glass,  fio-in. . 
Rough  or  ribbed,  skylight-glass,  H-in. . , 

Rough  or  ribbed  wire-glass,  H-in 

Maze,  Cobweb,  or  Florentine  wire-glass 
Sheet  prism  glass 


C43SX 


6ctS|K7SQ< 

Sets  per  sqI 
lactspersii 
i6ctsprri9^ 
2octsprrfQi 
aoctspcrsQi 


Glass  for  Mirrors.  Mirrors  are  made  by  silvering  one  side  of  a  shed 
polished  plate  glass.  This  is  the  only  kind  of  glass  suitable  for  making  mia^ 
because,  imless  the  surface  of  glass  is  polished,  the  reflection  is  distorted, 
generation  ago,  mirrors  were  made  by  the  old-style  process  of  pressing  tbt4 
by  means  of  heavy  weights  onto  mercury,  backed  by  tinfoil,  the  ta£nitj  of  ^ 
cury  for  tin  forming  an  amalgam  which  protected  the  back  of  the  mirronl 
gave  the  reflection.  This  was  a  very  slow  and  expensive  process.-  DariagJ 
twenty-five  years  prior  to  I9i3»  practically  all  of  the  mirrors  made^^ 
manufactured  by  what  is  known  as  the  patent-back  process,  in  which  iH^ 

*  The  prices  have  materially  advanced  and  as  they  change  from  year  to  year,  tbefl 
■iacturen'  lists  must  be  consulted. 
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Mlver  is  precipitated  in  a  film  over  the  surface  of  the  glass,  thus  giving  it  the 
bperty  of  reflecting.  This  film  is  afterward  covered  and  protected  by  shellac, 
mish  and  paint.  This  modem  method  of  n^anufacture  has  made  it  possible 
supply  mirrors  in  considerably  less  time,  and  at  a  very  much  lower  cost,  than 
^  manufactured  by  the  old-fashioned  mercury-back  process.  There  are 
iny  who  claim  that  in  spite  of  modem  processes  of  manufacture,  the  old 
sthod  produced  the  best  results  as  far  as  durability  is  concerned.  This  is 
Kdenced  by  the  following  statement  inserted  by  Mr.  Kidder  in  the  preceding 
Itions  of  the  Focket-Book:  "There  are  two  kinds  of  mirrors  on  the  market, 
e  the  old  time  reliable  mercury-back  mirror,  the  other  the  nitrate  of  silver,  or 
At  is  better  known  to  the  trade  as  the  patent-back  mirror.  The  latter  is  now 
d  has,  in  recent  years,  been  most  extensively  sold  as  a  substitute  for  the  former. 
the  manufacture  of  mercury-back  mirrors  no  chemicals  are  used,  only  two 
itals,  mercury  and  tin-foil.  The  affinity  of  mercury  for  tin  forms  an  amalgam 
pervious  to  and  not  affected  by  the  atmosphere.  A  mercury-back  mirror  is 
iversally  considered  to  be  the  only  durable  and  permanent  mirror.  A  nitrate- 
sijver  or  patent-back  mirror  is  produced  by  the  precipitation  of  a  chemical 
ution  of  nitrate  of  silver  and  other  media  on  the  surface  of  the  glass,  to  which 
idded  one  coat  of  shellac  varnish  overlaid  with  one  or  more  coats  of  paint. 
is  mirror,  irrespective  of  the  quality  of  the  glass  from  which  it  is  made,  will 
Eidily  deteriorate  from  the  date  of  its  manufacture  to  that  of  its  final  collapse, 
ich  may-occiu:  at  any  time  from  a  few  months,  but  certainly  within  a  few 


trs. 


It 
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Shingles.*  The  best  shingles  are  those  made  from  cypress,  cedar,  redwood, 
Ite  and  yellow  pine  and  spruce,  in  the  order  mentioned.  Redwood,  while 
haps  not  quite  as  durable  as  cypress,  is  less  inflammable;  sawed  pine  shingles 
inferior  to  cedar,  and  spmce  shingles  are  not  suitable  for  good  work. 


Kumber  and  Weight  of  Cedar  and  Pine  Shingles  Per  Square  of  One 

Hundred  Square  Feet 


igth. 

Assumed 

width, 

in 

Weather 

OTKauge. 

in 

Number 

of 
shingles 

per 
square  t 

Weight  per  square 

Number 
of 

nails 

per 
square 

Weight 
of  nails 

per 
square, 

lb 

in 

Cedar, 
lb 

Pine. 
lb 

14 
IS 

e6 
[8 
to 

t4 

4 
5 
6 

7 

900 
800 

720 

655 
600 

SS4 
S15 

210 

300 
192 

200 
203 

ao6 

233 

222 

213 
218 
222 
236 
329 

1800 
I  600 
1440 
I  310 
I  200 
I  108 
1030 

4.50 
4.00 
3.60 
3.28 
3.00 
a. 77 
2.58 

izes  of  Shingles.    Cedar  and  redwood  shingles  as  commonly  sawed  are  20  in 
oj^th,  and  cypress  shingles  usually  from  20  to  24  in  long,  the  longer  ones  allow- 

For  more  complete  information  see  Kidder's  Building  Construction  and  Superinten- 

e.  Part  II,  Carpenters'  Work,  pages  321  to  325. 

IV>  allow  for  waste,  add  from  6  to  10%.  the  greater  allowance  bemg  for  the  diocttt 
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ing  a  greater  exposure  to  the  weather.  Redwood  shingles  and  the  cedmr  shim 
from  the  States  of  Washington  and  Oregon,  which  States  furnish  most  of 
shingles  used  west  of  the  Mississippi,  are  He  and  9i«  in  thick  at  the  be 
cjrpress  shingles  are  usually  sawed  thicker.  Those  used  in  Boston  are  ht 
thick.  Ordinary  roofing-shingles  are  of  random  width%  varying  from  2M 
14  and  sometimes  16  in.  They  are  put  up  m  bundles,  usually  four  bundles 
the  thousand.  A  thousand  conmion  shingles  means  the  equivalent  of  n 
shingles  4  in  wide. 

Dimension-Shingles  are  sawed  to  uniform  width,  either  4,  5,  or  6  m.  Din 
sion-shingles  with    the  butt  sawed  to  various  patterns  are  also  carried 
stock. 

On  hip-roofs,  or  for  four  valleys,  add  5%  for  cutting.  On  irregular  roofe  « 
dormer-windows,  add  10%.  It  is  claimed  that  redwood  shingles  will  ff}  faitl 
than  cedar  shingles.  With  a  rise  to  the  roof  of  from  8  to  10  in  to  the  foot,  ced 
shingles,  or  any  shingles  16  or  18  in  in  length,  should  be  laid  from  4  to  4M  is 
the  weather;  with  a  rise  from  xo  to  12  in,  from  4M  to  4H  in  to  the  westk 
and  on  steeper  roofs  they  may  be  laid  from  4H  to  5  in.  Redwood  shingles  n 
be  laid  H  in  more  to  the  weather.  Some  authorities  allow  slightly  greater  e 
posures  for  these  lengths.  Where  the  longer  shingles  are  used  the  esposnre 
the  weather  may  be  increased  up  to  7  in  for  the  24-in  lengths.  On  walls  ixk 
shingles  are  commonly  laid  5  in  to  the  weather,  and  redwood  shingles  6  in. 

Labor.  An  average  shingler  should  lay  i  500  shingles  in  9  hours  on  phi 
work;  on  irregular  roofs  with  dormers,  z  000  per  9  hoiirs. 

Naila.  It  requires  from  3  M  to  4  M  lb  of  threepenny  or  from  3  H  to  6H  Ib( 
fourpenny  nails  to  i  000  shingles,  depending  upon  width  and  length  of  shini^ 

Slate  Roofs 

CharactariBtics  of  Good  Slate.  A  good  slate  should  be  both  hard  and  tool! 
If  the  slate  is  too  soft,  however,  the  nail-holes  will  become  enlarged  and  the  sill 
will  become  loose.  If  it  is  too  brittle  the  slate  will  fly  to  pieces  in  the  proots( 
squaring  and  holing  and  will  be  easily  broken  on  the  roof.  "  A  good  slate  slud 
give  out  a  sharp  metallic  ring  when  struck  with  the  knuckles;  should  not  t^uA 
mder  the  slater's  axe;  should  be  easily  holed  without  danger  of  fracture,  ■ 
should  not  be  tender  or  friable  at  the  edges."  The  surface  when  freshly  1^ 
should  have  a  bright  metallic  luster  and  be  free  from  all  loose  flakes  or  doD  a 
faces.  Very  few  of  the  Vermont  slates,  however,  have  the  metallic  lister  1 
ribbons.  Most  slates  contain  ribbons  or  seams  which  traverse  the  slate  i 
approximately  parallel  directions.  Slates  containing  soft  ribbons  are  iaiea 
and  should  not  be  used  in  good  work. 

Color.  The  color  of  slates  varies  from  dark  blue,  bluish  black,  and  parpkl 
gray  and  green.  There  are  also  a  few  quarries  of  red  slate.  The  color  of  li 
slate  does  not  appear  to  indicate  the  quality.  All  slate  quarried  in  Maiaci 
black  as  is  also  that  quarried  in  Virginia,  while  that  quarried  in  Pennsyli 
and  Maryland  is  also  black  but  borders  on  dark  blue  and  is  advertised  by  1 
firms  as  dark  blue.  SUte  quarried  in  New  York  State  is  red,  of  various 
while  that  quarried  in  Vermont  is  of  various  colors,  such  as  green,  puipk, 
gated,  etc.  The  red  and  dark  colors  were  formerly  considered  the  most 
tive  but  at  the  present  time  the  greens  are  going  on  some  of  the  li 
finest  of  the  new  residences.  Some  slates  are  marked  with  bands  or 
of  a  dififerent  color,  and  the  dark-purple  slates  often  have  large  spots  of 
green  on  them.  These  spoU  do  not  as  a  rule  affect  the  durability  of  the 
but  they  greatly  detract  from  iu  appearanoe. 
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'  Grading  of  Slates.  The  Monson,  Me.,  slates  and  Brownville,  Me.,  slates 
iffv  graded  as  foUows:  No.  i.  Every  sheet  to  be  full  Me  in  thick,  both 
ides  smooth  and  all  comers  full  and  square.  No  pieces  to  be  winding  or 
rarped. 

No.  2.    Thickness  may  vary  from  H  to  K  in,  all  comers  square,  one  side  gener- 
l}y  smooth,  one  side  generally  rough,  no  badly  warped  slates. 
The  Bangor,  Pa.,  slates  are  graded: 

No.  I  Clear.    A  pure  slate  without  any  faults  or  blemishes. 
No.  I  Ribbon.    As  well  made  as  No.  i  Clear,  except  that  it  contains  one  or 
lore  siBBONS  (a  black  band  or  streak  across  the  slate),  which,  however,  are  high 
lough  on  the  slate  to  be  covered  when  laid,  thus  presenting  a  No.  i  roof. 
No.  3  Ribbon.    This  contains  several  ribbons,  some  of  which  cannot  be 
ivered  when  laid. 

No.  2  Clear.    A  slate  without  kibbons,  made  from  rough  beds. 
JHard  Beds.    A  clear  Bangor  slate,  not  quite  as  smooth  as  No.  z  Clear,  but 
inch  better  than  No.  2  Clear. 

Ordinary  Bent  Slate.  A  smooth  slate  similar  to  No.  i  Clear,  but  bent  at  a 
^us  of  about  13  ft. 

iPunchiiiff.  Foimerly  nail'lu^es  in  slates  were  punched  on  the  job;  now,  how- 
ler, slates  are  bored  and  countenunk  at  the  quariy,  when  so  ordered.  Archi- 
tts  should  always  specify  that  the  slates  are  to  be  bored  and  countersunk,  as 
inching  badly  damages  the  slates. 

Sizes.  The  sizes  of  slates  range  from  9  by  7  in  to  24  by  14  in,  there  being  some 
irty-seven  different  sizes;  the  more  common  sizes,  however,  are  the  following  : 
ic  sizes  of  slates  best  adapted  for  plain  roofs  are  the  large  wide  slates,  such  as 
by  16  in,  18  by  12  in,  20  by  12  in,  or  24  by  14  in.  Slates  from  8  by  16  to  10 
2o  in  are  popular  sizes,  9  by  i8-in  slates  being  probably  used  oftener  than 
Dse  of  any  other  size.  The  1 1  by  22  and  12  by  24-in  slates  are  used  principally 
very  large  high  buildings.  The  lower  grades  of  slate  are  used  largely  on  ware- 
uses  and  bams.  The  larger  sizes  make  fewer  joints  in  the  roof,  require  fewer 
lis,  and  diminish  the  number  of  small  pieces  at  hips  and  valleys.    For  roofs 

1  up  into  small  sections  the  smaller  sizes,  such  as  14  by  7  in  or  16  by  8  in,  look 

2  best. 

riiiekneas.  Slates  vary  in  thickness  from  H  to  H  in;  M«  in  is  the  usual  thick- 
is  for  ordinary  sizes  (see  Grading  of  Slates  in  the  preceding  paragraphs).  It 
of  utmost  importance  for  architects  to  specify  the  thickness  of  slates,  either 
ly  M«  ia  thick,  or  fuUy  H  in  thick,  to  secure  a  strong  and  durable  roof. 

Laying.  Slates  are  lud  either  on  a  board  sheathing  (rough,  or  tongued  and 
»oved)  covered  with  tarred  or  water-proof  paper  or  felt,  or  on  roofing-laths 
m  3  to  3  in  wide  and  from  t  to  iH  in  thick,  nailed  to  the  rafters  at  distances 
art  to  suit  the  gauge  of  the  slates.  Each  slate  should  lap  the  slate  in  the 
ozkI  course  below,  3  in.  The  slates  are  fastened  with  two  threepenny  or  four- 
iny  naib,  one  near  each  upper  comer.  For  slates  30  by  10  in  or  larger,  four- 
my  nails  should  be  used.  Copper,  composition,  tinned,  or  galvanized  nails 
ruM  be  used.  Plain-iron  nails  are  speedily  weakened  by  rust,  and  they 
aJc  and  allow  the  slates  to  be  blown  off.  On  iron  roofs  slates  are  often 
ced  directly  on  small  iron  purlins  spaced  at  suitable  distances  apart  to  receive 
oi»  and  fastened  with  wire  or  special  forms  of  fasteners.  The  gauge  of  a 
:.e  is  the  portion  exposed  to  the  weather,  which  should  be  one-half  the  re- 
ixxier  obtained  by  subtracting  3  in  from  the  length  of  the  slate.  Roofs  to  be 
^red  with  slate  should  have  a  rise  of  not  less  than  6  in  to  the  foot  for  3o-in  or 
Lzx  slates,  or  8  in  for  smaller  sizes. 


1584  Memoranda  on  Roofing  Put 

BiMtk  Cement  In  first-class  work,  the  top  course  of  slate  on  the  ridge,  a 
slate  for  from  2  to  4  ft  from  all  gutters  and  i  ft  each  way  from  all  vallcTS  a 
hips,  should  be  bedded  in  elastic  cement. 

FlashlogB.  By  flashings  are  meant  pieces  of  tin,  zinc,  or  copper  laid  of 
slate  and  up  against  walls,  chimneys,  copings,  etc. 

Cottnterflaahings  are  of  lead  or  zinc,  and  are  laid  between  the  courses  in  bad 
and  turned  down  over  the  flashings.  In  Bashing  against  stonework,  groovBi 
reglets  often  have  to  be  cut  to  receive  the  counterfiashings. 

CloM  and  Open  Valleys.  A  close  valley  is  one  in  which  the  slates  are  nta 
and  flashed  in  each  course  and  laid  in  cement.  In  such  valleys  do  metal  caal 
seen.  Close  valleys  should  only  be  used  for  pitches  above  45°.  An  open  vai 
is  one  formed  of  sheets  of  copper  or  zinc  15  or  x6  in  wide,  over  whiditl 
ilates  are  laid. 

Old  English  Method  of  Laying  Slates.*  This  method  of  laying  sbtti 
volves  the  use  of  different  shades  of  colored  slates  in  graduated  courses  a^i 
random  widths  beginning  at  the  eaves,  for  example,  with  slates  28  in  long  and  i 
in  thick,  and  using  the  different  thicknesses  from  iH  to  H  in,  in  shorter  kcztfi 
in  working  upward  on  the  nx>f.  The  use  of  this  kind  of  work  for  roofs  has  t 
creased  in  recent  years  and  the  method  possesses  vast  possibilities  for  cm, 
ing  out  architects'  ideas  for  varied  artistic  effects.  Tlie  slates  are  made  wt 
rough-cut  edges  in  all  thicknesses  from  Mc  to  xH  in,  in  a  combination  of  Tani 
shades  carefully  selected  in  such  proportion  as  to  produce  the  best  possible  hi 
mony,  when  laid.  As  all  of  these  colors  and  shades  are  unfading,  the  WE.\iHEfl 
effect  is  obtained  at  once  and  is  permanent.  These  slates  are  made  not  odki 
usual  sizes,  but  in  the  old-  English  style,  to  be  laid  in  graduated  courses  of  i 
ferent  lengths  and  in  random  widths.  The  Old  English  color-combinatbo  nt 
ing-slates  should  be  specified^to  secure  the  light -and-shadow  effect,  and  it  is  of  4 
utmost  importance  to  specify  the  thickness  desired,  as  the  price  is  the  samel 
all  sizes,  while  the  cost  varies  according  to  thickness.  When  graduated  ccoS 
are  desired,  specifications  should  call  for  the  number  of  courses  to  be  laid  m  esc 
length  and  thickness  beginning  at  the  eaves  courses,  where  the  thickest  sid 
arc  used  in  the  largest  sizes,  sometimes  30  or  even  36  in  in  length,  and  wodi 
upward  on  the  roof  with  the  shorter  lengths  and  thinner  slates  to  the  ridges  vbs 
the  smallest  sizes  and  thinnest  slates  are  used.  To  secure  a  rough  effect  at  ca 
mum  cost,  specifications  should  call  for  Old  English  color-combinatimi,  all  sbl 
to  be  fuUy  yi  in  thick  with  rough  cut  edges  and  graduated  courses  in  sizes  ns 
irtg  from  24  by  16  to  12  by  6  in,  with  nail-holes  drilled  and  countersunk.  1 
secure  the  best  rough  effect,  specifications  should  call  for  eavesM:oarses  not  k 
than  ^4  in  thick,  stating  the  thickness  desired  for  the  eaves,  and  the  numbai 
courses  desired  in  each  length  and  thickness.  Among  the  good  specimens  d  i 
Old  English  style  of  roofing  may  be  mentioned  the  buildings  of  Ptincetao  U 
versity  for  the  Graduate  College,  where  different  shades  of  unfading-g^ 
slates  are  used  in  thicknesses  running  from  iK  in  at  the  eaves  to  H  i&  ^^ 
ridge. 

Measurement.  Slates  are  sold  by  the  square,  by  which  is  meant  a  sciEai 
number  of  slates  of  any  size  to  cover  100  sq  ft  of  surface  on  a  roof,  with  5  ii' 
lap,  over  the  head  of  those  in  the  second  course  below.  The  square  is  alsi>  i 
basis  on  which  the  cost  of  laying  is  measured.  "Eaves,  hips,  valleys,  and  a 
tings  against  walls  or  dormers  are  measured  extra;    i  ft  wide  by  thdr  ^ 

*  Full  information  fn  regard  to  the  details  of  the  slates  for  this  purpose  and  the  taetbi 
employed  in  laying  them  can  be  obtained  from  the  various  companies. 
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ngth,  the  extra  charge  being  made  for  waste  material  and  the  increaaed  labor 
xiuired  in  cutting  and  fitting.  Openings  less  than  3  sq  ft  are  not  deducted,  and 
U  cuttings  around  them  are  measured  extra.  Extra  cbaiges  are  also  made  for 
orders,  figures,  and  any  change  of  color  of  the  work  and  for  steeples,  towers,  and 
erpendicular  surfaces."* 

Coetf  The  cost  of  slates  varies  with  the  size,  color  and  quality.  The  prices 
iven  in  the  following  table  were  about  the  average  in  19 15  for  blue-black  slate,  of 
b.  I  grade,  loaded  on  the  cars  at  the  Pennsylvania  quarry.  The  freight  in 
ir-load  lots  of  60  squares  or  over  to  Philadelphia  from  Bethlehem,  Pa.,  was  60 
s  per  square,  from  Pennsylvania  to  Omaha,  Neb.,  $2.60  and  from  Vermont, 
X)ut  the  same.  It  will  be  seen  that  slates  of  the  icediuu  sizes  cost 'the  most, 
id  those  of  the  larger  and  smaller  sizes  the  least.  Special  prices  are  quoted  for 
edal  sizes.  The  larger  sizes  make  the  cheapest  roofs.  Red  slates  cost  from 
i  to  150%  more  than  black  slates.  The  green  slates  are  more  expensive  than 
le  black  with  the  exception  of  the  Maine  and  Peach  Bottom  varieties. 


Vumbef  m4  Cost  t  ot  SUtoti  and  Poonda  of  Nails  to  xoo  Square  Feet  of  Roof 

3-iiich  Lap 


Sizes  of 

slates, 
in 

Exposed 

when  laid, 

in 

Number  to 
a  square 

Weights  of 
galvanized 
nails, 
lb    oe 

Cost  per 

square  at 

quarry 

14X24 
12X24 
12X22 

11X22 

xiXao 
loXao 
12X18 

loW 

loV^ 

9V6 

9W 
8W 
8>4 
7Vi 
7H 

6Vi 
6H 
6H 
6V^ 
S\^ 
S\i 
SH 
4V^ 
4H 
4H 

98 
115 
126 
138 
155 
170 
160 
192 
214 

185 
222 

247 
277 
262 
32B 

375 
400 

457 
534 

4d. 
3d 

I      6 
I    10 
I    12 

1  15 

2  0 
2        6 

1   13 

2      3 

2      7 

2        2 

2  8 

3  0 
3      2 
3      0 

3  12 

4  4 

4  9 

5  3 

6  I 

•4  so 
4  SO 
4  75 
4. 75 
5.25 
5.25 

10X18 

9X18 

13X16 

5  25 
5-25 

10X16 

9X16 
8X16 
loXx4 
8XX4 
7X14 
8X12 
7X12 
6X12 

5  25 
5.25 

4.75 
4.75 

4.2s 
4.2s 

rhe  cost  of  blue-black-slate  roofs,  complete,  varies  from  $9  to  $16  per  square, 
pending  on  the  class  of  work  and  remoteness  from  the  quarries.  The  addi- 
nal  cost  of  laying  slate  in  elastic  cement  varies  from  1 1.75  to  $2.50  per  square. 
i  experienced  roofer  will  lay,  on  an  average,  2H  squares  of  slate  in  8  hours. 

W^eight.  Slate  roofing  Me  in  thick  will  weigh  on  the  roof  about  6^  lb  per  sq  ft, 
d  if  V4  in  thick,  8H  lb,  the  smaller  sixes  weighing  the  most  on  account  of  the 
k     The  actual  weight  of  a  square  foot  of  slate  H  in  thick  is  3.63  lb.    A  cubic 

*  The  Building  Trades  Pocket-book. 

t  Tbeac  prices  have  advanced  and  the  manufactuien'  lists  must  be  consulted. 
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foot  of  Vermont  sUte  wdghs  approziinately  175  lb.  The  a:vemse  dujpp 
weight  lor  No.  x,  M«-hi  slates,  is  approximately  725  lb;  for  H-in  sbtci,  lo 
lb;  Ux  H-in  slates,  2  000  lb»  etc. 

Roofing-Tiles 

General  Notes  on  Roofing-Tiles.  The  term  &oofimg-tiu  is  caama^ 
understood  to  refer  to  exterior  roof -covering  made  from  clay  in  units  of  van 
shapes  and  laid  with  overlapping  edges.  Clay  or  terra-cotta  roof-tiles  hn 
long  been  very  largely  used  in  Europe,  where  their  cost  is  much  less  tbaci 
America.  Since  the  year  1893  the  advance  here  in  the  character  and  exteota 
roohng-tile  has  been  marked  and  rapid.  This  material  can  now  be  had  at  nad 
lower  prices  than  formerly  prevailed,  and  the  result  has  been  that  thousaakfi 
squares  of  terra-ootta  tiles  have  been  placed  on  shops  and  factories  which  waA 
under  former  conditions  have  been  covered  with  slate  or  metaL  Whether  or  as 
a  tile  roof  is  as  durable  and  satisfactory  as  one  of  No.  i  slate  is  a  mudnfii 
puted  question.  Mr.  Kidder  was  of  the  opinion  that,  considering  the  quantsk 
used,  slates  have  given  better  satisfaction  than  tiles.  A  tile  roof,  lu)wew,  i 
certainly  more  attractive  than  a  slate  roof,  and  it  is  generally  held  thit  tkr 
are  many  roofing-tiles  on  the  market  which  if  properly  laid  prove  as  tight  ai 
durable  as  slates.  There  are  so  many  patterns  of  roohng-tiles  that  it  is  i&BpK 
sible  here  to  enter  into  a  description  of  them.  Of  the  various  patterns^  tbs 
which  interlock  are  considered  from  a  {xactical  standpoint,  to  make  the  mas 
satisfactory  roof. 

Laying  Roofing-Tiles.  Roohng-tiles  have  been  laid  directly  on  a  pom 
book  tile  or  concrete  base  or  on  a  sheathed  surface  over  such  base,  or  they  bei 
been  fastened  to  stripping  over  the  sheathing  or  wooden  or  steel  purlins  by  mcB 
of  copper  wires.  When  thus  fastened  by  wires,  the  joints  were  usually  pois» 
on  the  under  side  after  they  were  laid,  to  prevent  the  entrance  of  dust  or  4q 
snow.  Tiles  of  the  older  patterns  were  nailed  to  the  sheathing,  but  later  on  ti 
method  was  superseded  by  the  practice  of  fastening  with  copper  wires  f» 
pierced  lugs  near  the  lower  ends  of  the  tiles.  The  best  modem  method,  hoveva 
seems  to  be  the  one  involving  a  solid  continuous  base  for  the  roofing-tiles,  whetk 
or  not  purlins  are  used.  "  Such  purlins  should  be  filled  in  between  either  «i 
book  tiles  or  a  concrete  base  and  felt  should  be  laid  thereon.  The  book  tiles,  i 
used,  should  be  of  a  porous  quality.  Instead  of  regarding  the  nailing  of  tiksi 
a  defective  method,  we  have  returned  to  it  as  the  only  proper  method  of  hsta 
ing  tiles  and  have  eliminated  the  stripping  of  sheathed  roofs  and  the  useof  coiip 
wires.  Such  methods  would  do  in  some  portions  of  central  Europe  wfaere  ti 
winds  and  other  climatic  conditions  are  not  severe,  but  through  a  twtaty-im 
years*  experience  in  the  varied  climatic  conditions  of  the  United  States,  we  hw 
found  that  the  nailing  of  tiles  with  copper  nails  is  the  only  satisfactory  BKtbB 
of  application.  We  have  also  found  that  a  roof  should  be  sheathed  and  cxuvea 
with  a  good  asphaltum-felt  to  prevent  wind-suction."  *  Roofing-tiles  wril 
from  750  to  X  aoo  lb  per  square  of  xoo  sq  ft. 

Specifications  for  Tile  Roofing 

The  following  specification  f  contains  valuable  suggestions  for  the  proper  N 
ing  of  tile  roofs: 
All  pitched  roofs  shall  be  covered  with  (• )  tiles  with  fittings  auitabkii 

*  Quoted  by  permission  from  data  on  roof-tiling,  by  the  Ludowici-Cdadon  Coo^ 
Chicago.  111. 
t  Prepared  from  dau  furnished  by  the  Ludowka^Celedoa  Company.  Chicacot  H 
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each  pattern  unless  otherwise  selected  by  the  architect.  The  tiles  as  specified 
above  are  to  be  haid-bumed,  of  red  color,  and  in  accordance  with  .mwptei  de- 
posited in  the  office  of  the  architect. 

(i)  Preparation  of  Roof.  Before  the  roofer  is  sent  for,  the  owner  or  general 
contractor  is  to  construct  the  roofs  in  strict  accordance  with  the  pkns»  sheath  the 
roofs  TiGBz,  have  all  chimneys  and  walls  above  the  roof -line  completed,  have  all 
vent-pipes  put  through  the  roofs,  furnish  all  strips  of  required  width  used  under 
hip-rolls,  furnish  all  i  by  ^-in  cant-strips  used  under  the  tiles  at  the  eaves  and 
have  all  the  scaffolding  ready  for  the  roofers'  use.  The  metal-contractor  is  to 
have  all  gutters  in  place  on  the  roof  (gutters,  whether  box,  hanging  or  secret 
gutters,  are  to  extend  over  the  roof-sheathing  and  cant-strips,  and  run  imder 
the  felt  and  tiles  at  least  8  in)  and  is  to  have  in  place,  also,  all  valley-metal,  the 
width  of  which  is  to  be  not  less  than  24  in,  with  both  edges  turned  up  H  in 
through  the  entire  length  of  the  valley.  The  valley-metal  is  to  be  fastened  with 
clips  and  never  nailed  or  punctured  in  any  manner.  The  valley-metal  is  to  be 
laid  over  one  layer  of  felt  running  lengthwise  the  entire  distance  of  the  valley. 
The  metal-contractor  is  to  have  in  readiness  aU  flashing-metal  used  alongside 
and  in  front  of  dormers,  gables,  skylights,  towers  and  perpeiidicular  walls,  and 
around  vent-pipes  and  chimneys,  and  is  to  phice  the  same  after  the  arrival  of 
the  tile-roofer  and  under  his  direction. 

(2)  Laying  the  Felt.  After  the  roofs  have  thus  been  prepared  to  receive  the 
felt  and  tiles,  the  tile-roofer  is  to  cover  the  sheathing  of  the  roofs  with  one  thfck- 
ness  of  asphalt  roofing-felt  weighing  not  less  than  30  lb  to  the  square,  laying  the 
same  with  a  2>i-in  lap  and  securing  it  in  place  by  capped  nails.  The  felt  is  to 
be  laid  parallel  with  the  eaves,  lapped  over  all  valley-metal  about  4  in  and  laid 
under  all  fiashing-metal  about  6  in. 

(3)  I.a3^ng  the  Tiles.  The  roof  having  thus  been  prepared,  the  tile-layer  is  to 
fasten  the  tites'with  copper  nails.  The  roofer  is  to  see  that  the  tiles  are  well 
bcked  together  and  that  they  lie  smoothly,  and  no  attempt  is  to  be  made  to 
stretch  the  courses.  The  tiles  are  to  be  laid  so  that  the  vertical  lines  are  pardlel 
with  each  other  and  at  right-angles  to  the  eaves.  The  tiles  that  verge  along  the 
hips  are  to  be  cut  close  against  the  hip-boards,  and  a  water-tight  joint  made  by 
cementing  cut  hip-tiles  to  the  hip-boards  with  elastic  cement.  Each  piece  of 
hip-roll  it  then  to  be  nailed  to  the  htp-board,  and  the  hip^ioUs  are  to  be  cemented 
where  they  lap  each  other.  The  interior  spaces  of  hip-rolls  and  ridge-rolls  are 
not  to  be  filled  with  the  pointing-material. 

Cost  of  Itoofing-Tfleo.*  The  prices  of  tiles  vary  from  I7  to  I30  per  square, 
according  to  the  character  of  the  surface-finish  and  to  the  pattern.  The  cost 
of  laying,  including  asphalt-felt,  varies  from  $s  to  $10  per  square,  according  to 
the  pattern  of  tiles  used,  the  number  of  layers  of  felt  and  the  character  and 
extent  of*  the  roof.  If  roofing- tiles  are  laid  on  book  tiles  or  on  cement,  20% 
must  be  added  to  the  cost  for  laying  on  wooden  sheathing.  Fluctuating  values 
(f  copper  make  the  Item  of  copper  nails,  when  these  are  used,  one  of  im- 
pQCtance. 

3nieet-Metal  Tiles.  Roofing-tiles  stamped  from  sheet  steel,  plain  or  galvan- 
usefi,  jjid  also  from  sheet  copper,  in  imitation  of  clay  tiles,  are  made  by  several 
manolacturerf  and  have  been  extensively  \ised  for  factories  and  buildings  of 
secondftfy  importance.  The  first  cost  of  these  tiles,  except  those  made  of 
copper,  OS  much  less  than  that  of  clay  tiles  and  they  do  not  require  as  heavy 
toof-franiing.  Tin  or  galvanized-iron  tiles,  however,  must  be  painted  eveiy 
few  yearSf-eo  that  for  a  long  period  of  years  they  probably  cost  as  much  as  clay 
tiles  and.]xuare  than  slate. 

*  Theiei>rices  have  advanced  and  the  manufactorerB*  lists  must  be  consulted. 
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Tin  Roof  ■ 

The  Shoots.  Roofing-plates  are  made  of  soft  sted  of  various  spedal  aoalyn 
or  wrought  iron  (more  commonly  of  the  former),  covered  with  a  mixtuzc  of  hA 
and  tin,  and  are  designated  terne-plates,  in  distinction  from  plates  coitd 
only  with  tin  and  therefore  called  bright  tin.  Roofing-plates  are  coated  ii* 
two  methods,  (i)  The  original  method  of  coating  the  plates  consisted  in  dp- 
ping  the  black  plates  by  hand  into  the  mixture  of  tin  and  lead,  and  aUowiBgtk 
sheets  to  absorb  all  the  coating  that  was  possible;  and  at  least  one  brand  d 
roofing-tin  is  still  made  by  this  process.  (3)  Theother  process,  by  whkhthtsfr 
jority  of  roofing-plates  are  now  made,  is  known  as  the  patbnt-rollex-roce& 
by  which  the  plates  are  put  into  a  bath  of  tin  and  lead,  and  are  passed  tliro# 
rolls.  The  pressure  of  these  rolls  leaves  on  the  iron  or  steel  a  thidmess  of  coatES 
which,  to  a  great  extent,  determines  the  value  of  the  plates.  These  nUih  caafae 
adjusted  to  leave  a  relatively  large  amoimt  of  coating  on  the  plate,  an  onfioaiT 
coating,  or  a  very  scant  coating.  The  heavier  the  coating  the  more  valuabktk 
plate.  Some  makers  employ  a  variation  of  this  patent  process,  by  whidi  tk 
plates  are  given  an  extra  dip,  by  hand,  in  an  open  pot,  to  give  a  HAND-DiprD 
nNiSH.  It  is  claimed  that  hand-dipped  plates  will  last  much  longer  than  Uiok 
made  by  the  new  process,  although  the  latter  process  is  much  more  extensvt^ 
used  and  many  good  roohng-sheets  are  made  by  it. 

Brands.  The  best  roofing-plates  always  have  the  brand  stamped  00  tboB, 
and  as  the  manufacturers  have  a  pecuniary  interest  in  keeping  up  the  repuUtis 
of  these  brands,  the  only  way  of  being  sure  of  a  good  tin  roof  b  to  specify  a  haai 
of  tin  that  has  a  reputation  for  quality  and  durability.  Some  of  the  b^-knova 
brands  are  Taylor's  Target-and- Arrow  (formerly  Old  Style);  Merchant's  OM 
Method,  MF;  Follansbee's  Banfield  Process;  and  Margaret.  Machine^iaik 
plates  are  usually  stamped  with  the  weight  of  coating  per  box  of  ixa  sheetSkSS 
by  ao-in  size. 

Sizes  of  Sheets.  The  common  sizes  of  tin  plates  are  10  by  14  in  and  multipki 
of  that  measure.  The  sizes  generally  used  are  14  by  20  in  and  28  by  20  in.  He 
larger  size  is  the  more  economical  to  lay,  and  hence  roofers  prefer  to  use  it;  M 
for  flat  roofs  the  14  by  20-in  size  makes  the  better  roof. 

ThickneBses  of  Sheets.  Teme-plates  are  made  in  two  thicknesses,  IC  ■ 
which  the  iron  body  weighs  about  50  lb  per  100  sq  ft,  and  IX,  in  which  it  «d^ 
62^  lb  per  100  sq  ft.  For  roofing,  the  IC,  or  lighter  weight,  is  to  be  prefcnei 
because  the  seams  do  not  contract  and  expand  as  much  as  they  do  when  the 
thicker  plates  are  used.  For  spouts,  valleys  and  gutters,  however,  DC  {^tfi 
should  always  be  specified,  and  should  preferably  be  used  for  flashings,  as  thef 
are  stiffer  and  less  liable  to  be  dented  or  punched.  The  thickness  of  the  iiac 
does  not  add  to  the  durability  of  the  plates,  as  this  depends  entirely  upon  theta 
coating. 

Weights  of  Sheets.  The  standard  weight  of  14  by  20-in  IC  teme-plates  is  ic? 
lb  for  1X2  sheets,  the  number  usually  packed  in  one  box,  and  of  14  by  2o4dIX 
sheets,  135  lb.  The  28  by  20-in  sheets  should  weigh  just  twice  as  much.  Tb< 
black  sheets,  before  coating,  should  weigh,  per  112  sheets,  from  95  to  100  lb  for 
IC,  14  by  20-in  sheets,  and  from  125  to  130  lb  for  IX,  14  by  20-in  sheets,  t^ 
difference  between  the  weights  of  the  black  sheets  and  finished  sheets  b  tk 
weight  of  the  tin.  A  heavily  coated  tin  should  weigh  from  115  to  120  lb  per  m 
sheets  for  IC,  14  by  20-in  sheets,  and  from  145  to  150  lb  for  IX,  14  by  20-in  she* 
The  28  by  20-in  sheets  should,  of  course,  weigh  twice  as  much. 

The  Roof.  Roofs  of  less  than  one-third  pitch  are  made  with  flat  ssAXSial 
shoukl  preferably  be  covered  with  14  by  20^  sheets  rather  than  with  iShy^^ 
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iheets,  because  the  larger  number  of  seams  stifFeas  the  surface  and  helps  to  pre- 
^nt  buckles  and  rattling  in  stormy  weather.  For  a  flat-seam  roof,  the  edges  of 
:he  sheets  are  turned  H  in,  locked  together  and  well  soaked  with  solder.  The 
iheets  are  fastened  to  the  sheathing-boards  by  cleats  spaced  8  in  apart  and  locked 
n'the  seams.  Two  i-in  barbed  and  tinned- wire  nails  are  used  ki  each  cleat.  No 
lails  should  be  driven  through  the  sheets.  The  seams  must  be  made  with  great 
:are  and  sufficient  time  taken  to  properly  sweat  the  solder  into  the  seams.  Steep 
in  roofs  should  be  made  with  standiko  seams  and  with  28  by  20-in  sheets. 
rhe  sheets  are  first  single-seamed  or  double-seamed  and  usually  soldered  to- 
jether,  preferably  end  to  end,  into  long  strips  that  reach  from  eaves  to  ridge. 
The  sloping  seams  are  composed  of  two  ui»stani>s,  interlocked  at  the  upper  edge, 
md  held  to  the  sheathlng-boards  by  cleats.  The  standing  seams  are  usually  not 
oldered  but  simply  locked  together  with  the  cleats  folded  in  about  i  ft  apart, 
^ails  should  be  driven  into  the  cleats  only.  The  use  of  acid  in  soldering  the 
earns  of  a  tin  roof  should  be  carefully  avoided  as  acid  coming  in  contact  with  the 
)are  iron  on  the  cut  edges  and  comers,  where  the  sheets  are  folded  and  seamed 
ogether,  causes  rusting.  No  other  soldering-flux  but  good  rosin  should  ever  be 
iscd. 

I>urability  of  Tin  Roofs.  A  tin  roof  of  good  material,  properly  put  on,  and 
:ept  properly  painted,  will  last  from  forty  to  fifty  years,  or  longer.  All  traces 
»f  rosin  left  on  the  roof  should  be  removed  as  soon  as  the  tin  is  laid  and  soldered, 
tnd  one  coat  of  paint  should  be  applied  promptly;  a  second  coat  should  follow 
wo  weeks  after  the  first.  One  or  more  layers  of  felt  or  water-proof  paper  should 
)e  placed  imder  the  tin,  to  serve  as  a  cushion,  and  also  to  deaden  the  noise  pro- 
luced  by  rain  striking  the  tin.  The  durability  of  tin  roofing,  and  especially  of 
in  gutters,  valleys  and  flashings,  is  generally  increased  by  painting  the  tin  on 
he  back  before  laying.  An  excellent  paint  for  tin  roofs  is  composed  of  10  lb  of 
/enetian  red,  i  lb  of  red  lead  and  i  gal  of  pure  linseed-oil. 

Maintenance  of  Tin  Roofs.  The  tin  roof  should  be  given  one  coat  of  paint 
iiier  it  is  laid  and  an  additional  coat  of  paint  at  four-year  or  five-year  intervals 
diould  be  amply  sufficient  to  keep  its  upper  surface  in  first-class  condition  as 
oxvg  as  the  building  stands.  With  each  painting  the  roof  is  fully  restored  to  its 
»riginal  condition.  Graphite  and  tar  paints  should  be  avoided  on  tin  roofs, 
jdetallic  brown,  Venetian  red,  red  oxide  or  red  lead,  only,  should  be  used  as 
figments,  with  pure  linseed-oil.  Tfnned  gutters  should  be  swept  clear  of  accu- 
nulations  of  leaves,  dirt,  etc.,  and  if  water  has  a  tendency  to  lie  in  the  gutters 
jiey  should  be  painted  yearly. 

Number  of  Sheets  Required  to  •  Square.  For  flat-seam  sooriNO  A  sheet  of 
tin  14  by  20  in,  with  M-in  edges,  measures,  when  edged  or  folded,  13  by  19  in, 
>r  247  sq  in;  but  its  covering  capacity  when  joined  to  other  sheets  on  the  roof  is 
>nly  12H  by  18H  in,  or  231.25  sq  in.  The  number  of  sheets  to  a  square,  there- 
iore,  equals  X4  400  divided  by  231.25  or  63,  and  an  area  of  i  000  sq  ft  requires  625 
sheets.  A  box  of  112  14  by  20-in  sheets  will  cover,  approximately,  180  sq  ft 
Sheets  28  by  20  in,  when  edged  or  folded,  have  a  covering  capacity  of  490.25  sq  in 
Bach.  To  oover  i  ooo  sq  ft  (10  squares)  requires  294  sheets.  For  standing* 
iEAM  ROOFING  the  locks  require  2^  in  off  the  width  and  iH'moS.  the  length  ol 
the  sheet.  A  28  by  20-in  sheet,  with  the  seams  on  the  long  edges,  will  cover  463 
iq  in.     To  cover  i  000  sq  ft  requires  312  sheets. 

The  Cost*  of  Tin  Roofing  varies  from  $8  to  Si 2  per  square,  according  to  the 

pade  of  the  tin,  the  locality  and  nature  of  the  work  and  the  scale  of  wages. 

Ending-seam  roofs  cost  about  50  cts  a  square  less  than  flat-seam  roofs.    The 

GOfit,  when  14  by  20-in  sheets  are  used,  is  about  25%  more  than  for  28  by  20-in 

*  Variations  in  cost  must  be  ascertained  from  manulactuxen'  lists. 
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sheets,  owing  to  the  greater  number  of  seams;  hence,  more  tin*  solder,  deaii 
and  work  are  required. 

How  a  Tin  Roof  Should  bo  Laid  * 

The  Slope  of  the  Roof.  If  the  tin  is  Uiid  with  a  flat  seam  or  flat  lock,  the  xod 
shoukl  have  an  incline  of  H  in  or  more  to  i  ft.  If  laid  with  a  standing  seam,  thoe 
should  be  an  incline  of  not  less  than  3  in  to  x  ft.  Although  tin  is  used  on  coobof 
less  pitch  than  this  and  on  some  which  are  almost  flat,  a  good  pitch  is  desirabie 
to  prevent  the  accumulation  of  water  and  dirt  in  shallow  puddles.  Guttos. 
valleys,  etc.,  should  have  sufficient  incline  to  prevent  water  from  standoif  it 
them  or  backing  up  far  enough  to  reach  standing  seams.  Tongued  and  groofvcd 
sheathing-boards  of  well-seasoned  dry  lumber  are  recommended.  Narrov 
widths  are  preferable,  and  the  boards  should  be  free  from  holes,  and  of  even  thick- 
ness. A  new  tin  roof  should  never  be  laid  over  old  tin,  rotten  shingles,  or  tar 
roofs.  Sheathing-paper  is  not  necessary  where  the  boards  are  laid  as  specified 
above.  If  steam,  fumes,  or  gases  are  likely  to  reach  the  under  side  of  the  tia, 
some  good  water-proof  sheathing-paper  should  be  used.  Tarred  paper  shoidd 
never  be  used.     No  nails  should  be  driven  through  the  sheets. 

FlatoSeam  Tin  Rooflng.  When  the  sheets  are  laid  singly,  they  should  he 
fastmed  to  the  sheathing-boards  by  cleats,  using  three  to  each  sheet,  two  oo  tk 
long  side  and  one  on  the  short  aide.  Two  i-in  barbed- wiref  nails  should  be  tse' 
to  each  cleat.  If  the  tin  is  put  on  in  rolls  the  sheets  should  be  made  up  into  loop 
lengths  in  the  shop,  and  the  cross-seams  locked  together  and  well  soaked  wA 
solder.  They  should  be  edged  M  in,  and  fastened  to  the  roof  with  cleats  spacel 
8  in  apart,  and  the  cleats  locked  into  the  seam  and  fastened  to  the  roof  with  twi 
i-in  barbed-wire  nails  to  each  cleat. 

Standing-Seam  Tin  Itooflnc.  The  sheets  should  be  put  together  in  kai 
lengths  in  the  shop,  and  the  cross-seams  locked  together  and  well  soaked  vi^ 
solder.  They  should  be  applied  to  the  roof  the  narrow  way,  and  fastened  with 
cleats  spaced  z  ft  apart.  One  edge  of  the  course  is  turned  up  xH  in  at  a  fii^i 
angle,  and  the  cleats  are  installed.  The  adjoining  edge  of  the  next  come  ii 
turned  up  iH  in,  and  these  edges  are  locked,  turned  over  and  the  seam  flatteeed 
CO  a  rounded  edge. 

Valleys  and  Gutters.  These  should  be  Uned  with  DC  tin,  and  formed  viA 
fiat  seams,  the  sheets  being  applied  the  narrow  way.  It  is  important  to  see  thsL 
good  solder,  bearing  the  manufacturer's  name,  is  used,  that  it  is  guaranteed  oo^ 
half  tin  and  one-half  lead,  new  metals,  and  that  nothing  but  rosin  is  used  ss  t 
flux.    The  solder  should  be  well  sweated  into  all  seams  and  joints. 

Painting.  All  painting  should  be  done  by  the  roofer.  The  tin  shook!  l» 
painted  one  coat  on  the  under  side  before  It  is  applied  to  the  roof.  The  vqppff 
surface  of  the  tin  roof  should  be  carefully  cleaned  of  all  rosin-spots,  dirt,  etc^  acd 
immediately  i)ainted.  The  approved  paints  are  metallic  brown,  Venetian  red 
red  oxide,  and  red  lead,  mixed  with  pure  linseed-oil.  No  patent  drier  or  tv- 
pentine  should  be  used.  All  coats  of  paint  should  be  applied  with  a  hand-bnisb, 
and  well  rubbed  on.  A  second  coat  should  be  applied  two  wedcs  after  the  fist 
and  a  third  coat  one  year  later. 

Caution.  No  unnecessary  walking  over  the  tin  roof,  or  use  of  it  for  storage  d 
materials^  should  be  allowed  at  any  time.    Workmen  should  wear  rubber-sokd , 

*  These  suggestions  are  in  aooordance  with  the  standard  working  aprfifiratioQs  addplil 
by  the  National  Aiiociation  of  Sheet  Metal  ContrsctorB.  i 

t  The  effect  of  barbing  on  the  holding  power  of  nails  is  a  disputed  question.  j 
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fees  or  oveislioes  when  on  the  roof.  Wherever  the  slope  is  steep  enough  the  tin 
iMild  be  laid  with  standing  seams,  which  allow  for  expansion  and  contraction. 

Sizei,  Wdight«»  Btc.,  of  Roofing-Tin* 

Roofing-tin  is  usually  furnished  in  two  sizes,  sheets  14  by  20  in  and  a8  by  20  in, 
eked  112  sheets  to  the  box.  Target-and-Arrow  tin  is  furnished  in  three  thick- 
»es:  IC  thickness,  approximately  No.  30  gauge,  U.  S.  Standard;  IX  thickness, 
|>Koximately  No.  28  gauge,  U.  S.  Standard;  2X  thickness,  approximately  No. 
gauge,  U.  S.  Standard,  etc.  Weight  per  100  sq  ft  laid  on  the  roof,  about  65  lb 
r  IC  thickness. 

Covering  Capacity  of  Roofing-Tin 

VUt-Seam  Tin  Roofing.  The  following  table  shows  the  quantity  of  14  by  20^n 
I  required  to  cover  a  given  number  of  square  feet  with  flat-seam  tin  roofing.  \ 
^t  14  by  20  in  with  H  in  edges  measures,  when  edged  or  folded,  13  by  19, 
247  sq  in,  but  its  covering  capacity  when  joined  to  other  sheets  on  the  roof 
»nly  12H  by  iSH  in,  or  231.25  sq  in.  In  the  following  table  each  fractional 
rt  of  a  sheet  is  counted  a  full  sheet. 


fo.  of  square  feet, 
heets  Tequired . . . 

100 
63 

no 

69 

120 

75 

130 
8x 

X40 
88 

150 

94 

x6o 
xoo 

170 
106 

180 

1X2 

190 
119 

200 
X25 

(0.  of  square  feet. 
theetsrequiied... 

210 
131 

220 
137 

230 

144 

240 
150 

250 

156 

260 
162 

270 

169 

280 
175 

290 

i8x 

300 
187 

310 
193 

7o.  of  square  feet, 
iheets required. .. 

3ao 
aoo 

330 
206 

340 
212 

350 
2x8 

360 
224 

370 
231 

380 
237 

390 
243 

400 
249 

4x0 
256 

420 
262 

9o.  of  square  feet, 
•beets required.. . 

430 
268 

440 
274 

4SO 
281 

4te 

287 

470 
293 

480 
299 

490 

30s 

500 
312 

5x0 
318 

520 

324 

530 
330 

7o.  of  square  feet, 
lieets  required. .. 

540 
337 

343 

560 

349 

570 
355 

S8o 
362 

590 
368 

600 

374 

610 
33o 

620 
386 

630 
393 

640 
399 

?o.  of  square  feet, 
hceta required.. . 

650 
405 

660 
4" 

670 
4X8 

680 
424 

690 
430 

700 
436 

710 
442 

720 
448 

730 
455 

740 
461 

750 
467 

lo.  of  square  feet, 
heets  required. . . 

760 
474 

770 
480 

780 
486 

790 
492 

800 
499 

810 
505 

820 
511 

830 
517 

S40 
523 

850 
530 

860 
536 

lo.  of  square  feet, 
heets  required... 

870 
543 

880 
548 

890 
554 

900 
561 

910 
567 

920 
573 

930 
579 

940 
586 

950 
592 

960 
598 

970 
604 

fo.  of  square  feet, 
heets  required . . . 

980 
610 

990 
617 

1000 
62s 

•  •  • 
«  •  * 

•  •    a 

•  •     • 

•  ■  • 

•  •  ■ 

•  ■  ■ 
■  •  ■ 

•  ■  • 
■  •  • 

• .  • 

•  ■  • 

A  box  of  1x2  sheets  14  by  20  in  laid  in  this  way  will  cover  180  sq  It. 


Tfai  Roofing.    The  following  table  shows  the  number  of  28  by  20-in 

ets  required  to  cover  a  given  number  of  square  feet  with  flat-seam  tin  roofing. 

e  flat  seams  edged  H  in  take  i  H  in  off  the  length  and  width  of  the  sheet.  The 

'Ring  capAOty  of  each  sheet  is,  therefore,  26H  by  i8Vi  in,  or  490.25  sq  in.    In 

following  table  each  fractional  part  of  a  sheet  is  counted  a  full  sheet. 

The  following  tables  of  sizes,  weights,  covering  capacities  and  costs  are  adapted  from 
fol  data  compiled  for  the  use  of  sheet-metal  workers  by  the  N.  &  G.  Taylor  Company, 
iadelphia,  Pa. 
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No.  of  square  feet . 
Sheets  required . . . 

100 

30 

no 
33 

120 
36 

130 
39 

140 
42 

150 
45 

160 
47 

170 

SO 

180 
S3 

190    a 

No.  of  square  feet . 
Sheets  required. . . 

210 
62 

220 

6S 

230 

68 

340 
71 

250 

74 

260 

77 

270 
80 

280 
83 

290 
86 

300     ]■ 

«9,» 

No.  of  square  feet. 
Sheets  required. . . 

320 
94 

330 
97 

340 
100 

350 
103 

360 

106 

370 
109 

380 
112 

390 

US 

400 
118 

4IC   .4a 

121     14 

Mo.  of  square  feet. 
Sheets  required . . . 

430 
127 

440 
130 

450 
133 

460 
136 

470 
139 

4«o 
141 

490 
144 

Soo 
147 

510 
150 

520    S3i 

No.  of  square  feet . 
Sheets  required. . . 

540 
159 

550 
162 

560 
165 

570 
168 

S80 
171 

590 
174 

600 
177 

610 
180 

620 
183 

630    i$ 

186    d 

1 

No.  of  square  feet . 
Sheets  required . . . 

650 
191 

660 
194 

670 
197 

680 
200 

690 
203 

700 
206 

710 
209 

720 
212 

730 
215 

740    3 

218    ai 

1 

No.  of  square  feet. 
Sheets  required. .. 

760 
224 

770 
227 

780 
230 

790 
233 

800 
235 

810 
238 

820 
241 

830 
244 

840 
247 

8sc    ft 

250    ^ 

No.  of  square  feet. 
Sheets  required. . . 

870 
256 

8S0 
259 

890 
262 

900 
265 

910 
268 

920 
271 

930 
274 

940 
277 

980 

280 

960    1? 

No.  of  square  feet. 
Sheets  required... 

980 
288 

990 
291 

1000 
294 

■  ■  • 
•  •  ■ 

•  •  • 

•  ■  ■ 

•  •  • 

•  ■  • 

•  •  « 

■  •  • 

■  ■  * 

1 

—  '  -•■ 

...      . ' 

A  box  of  XI 2  sheets  28  by  20  in  laid  in  this  way  will  cover  381  sq  fL 

Standing-Seam  Hn  Roofing.  The  following  table  shows  the  number  of  u1 
20-in  sheets  required  to  cover  a  given  number  of  square  feet  with  standiqg-sB 
roofing.  The  standing  seams»  edged  iVi  and  VA  in»  take  2  H  in  off  the  wM 
and  the  flat  cross-seams,  edged  H  in,  take  i  Vi  in  off  the  length  of  the  shetL  H 
covering  capacity  of  each  sheet  is,  therefore,  iiH  by  iSli  in,  or  312.34  sq in.  ^ 
the  following  table  each  fractional  part  of  a  sheet  is  counted  a  full  sheet 


No.  of  square  feet . 
Sheets  required . . . 

100 
68 

no 
75 

120 
82 

130 
89 

140 

95 

150 
X02 

160 
109 

170 
1x6 

180 
123 

190    « 

X29    IS 
1 

No.  of  square  feet. 
Sheets  required. . . 

210 
143 

220 
150 

230 
156 

240 
163 

250 

170 

260 
177 

270 
184 

280 
190 

290 
197 

3PC    jl 

2C4  .a 

No.  of  square  feet . 
Sheets  required. . . 

320 
218 

330 
224 

340 
231 

350 
238 

360 
245 

370 
251 

380 
258 

390 
26s 

400 
271 

410    41 
279    4 

No.  of  square  feet. 
Sheets  reqtxired. . . 

430 
292 

440 
299 

450 
306 

460 
312 

470 
319 

480 
326 

490 
3.W 

340 

510 
346 

3Si    * 

No.  of  square  feet . 
Sheets  required . . . 

540 
367 

550 
374 

560 
379 

570 
387 

S8o 
393 

590 
401 

600 
407 

610 
4x4 

620 

421 

630    i$ 
42S    It 

No.  of  square  feet . 
Sheets  required . . . 

650 
441 

660 
447 

670 
455 

680 
462 

690 
468 

700 
475 

710 
482 

720 
489 

730 
495 

740    -3 

sot    ^ 

No.  of  square  feet. 

Sheets  required . . . 

760 
SIS 

770 
523 

780 
529 

790 
536 

800 
543 

810 

550 

820 
557 

830 
563 

840 
S70 

577  ,^ 

No.  of  square  feet. 
Sheets  required . . . 

870 
590 

S80 
597 

890 
604 

900 
611 

910 
6x8 

920 
623 

930 
630 

940 
637 

950 
644 

£3 

No.  of  square  feet. 
Sheets  required. . . 

980 
66s 

672 

1000 
679 

a    «    • 
•    ■    • 

■  ■  • 
•  «  • 

•  •  • 
«  •  • 

•  •  • 

•  *  • 

•  •  • 

... 

•  «  • 

« * » 

1 

••■'J 

A  box  of  1X2  sheets  X4  by  20  in  laid  in  this  way  will  cover  X65  sq  tL 


Covering  Capacity  of  Roofing-Tin 
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Stuidittc-Satm  Tin  Rooflac.  The  following  table  shows  the  number  of  2S  by 
■in  sheets  required  to  cover  a  given  number  of  square  feet  with  standing-seam 
ifing.  The  standing  seams  take  2H  in  off  the  width,  and  the  flat  cross-seams, 
jed  H  in,  take  iH  in  off  the  length  of  the  sheet.  The  covering  capacity  of 
:h  sheet  is,  therefore,  36H  by  17H  in,  or  463.59  sq  in.  In  the  following  table 
:h  fractional  part  of  a  sheet  is  counted  a  full  sheet. 


fo.  of  square  feet, 
beets  required... 

To.  of  square  feet, 
heeta  required. . . 

To.  of  square  feet . 
beets  required. . . 

b.  oi  square  feet, 
lieets  required. . . 

io.  of  square  feet . 
lieets  required. . . 

b.~of  square  feet. 
beets  required . . . 

b.  of  square  feet, 
ieets  required . . . 

b.  of  square  feet . 
leets  required. . . 

o.  of  square  feet. 
leets  required . . . 


A  box  of  zia  sheets  s8  by  so  in  laid  in  this  way  will  cover  360  sq  ft. 

lAylng  the  Long  or  Short  Way.  Sheets  14  by  20  in  can  be  laid  either  the 
I  or  short  way.  The  best  roof  is  made  by  laying  the  sheets  the  14-in  way; 
Uariy,  in  using  the  28  by  20-in  sheets,  they  should  always  be  laid  the  20-ia 
\  that  is,  with  the  short  dimension  crosswise. 

Cost  of  Roofing-Tin 

Cost  of  Ha  for  Standing-Seam  Rooflag 
Sheets  28  by  20  in.    Price  per  box  and  per  square  foot 


xoo 

XIO 

X20 

130 

X40 

ISO 

x6o 

170 

180 

190 

200 

32 

3S 

38 

41 

44 

47 

50 

53 

56 

59 

62 

210 

320 

230 

240 

2S0 

260 

270 

280 

290 

300 

310 

6s 

68 

71 

74 

77 

80 

84 

87 

90 

94 

97 

320 

330 

340 

3SO 

.160 

370 

380 

390 

400 

410 

420 

xoo 

XQ3 

XO6 

109 

X12 

xxs 

1x8 

X2I 

125 

128 

131 

430 

440 

450 

460 

470 

480 

490 

500 

5x0 

520 

S30 

134 

137 

I4X 

144 

.147 

150 

153 

156 

IS9 

X62 

165 

540 

S50 

560 

570 

S80 

590 

fioo 

6x0 

620 

630 

640 

168 

X7I 

174 

177 

x8o 

184 

X87 

190 

193 

X96 

199 

650 

660 

670 

6R0 

690 

700 

7x0 

720 

730 

740 

750 

202 

JOS 

208 

2X1 

2x4 

2x8 

221 

224 

227 

230 

233 

760 

770 

780 

790 

800 

8x0 

820 

830 

840 

850 

860 

236 

239 

242 

245 

249 

252 

255 

258 

26X 

265 

268 

870 

880 

890 

900 

9x0 

920 

930 

940 

950 

960 

970 

271 

274 

371 

280 

283 

286 

289 

292 

296 

299 

302 

980 

990 

•   •   • 

•    •    a 

•  ■  • 

■  •  • 

■  •  • 

•  •  ■ 

•  •  • 

•  •  • 

•  ■  • 

30s 

308 

•  ■  • 

•    ■    • 

■  •  • 

•  •  • 

•  ■  • 

•  »  • 

•  ■  • 

•  •  ■ 

•  •  • 

hen  tin  costs 

'~.- 

per  bos 

Ixi.oo 

Ixx.so 

1X2.00 

1X2. 50 

Ii3.0(^ 

II3-50 

1x4.00 

8x4.50 

8x5.00 

I15.50 

anding-seam 

roofing  costs 

^ersqft 

0.0397 

0.03x0 

0.0324 

0.0337 

0.Q3SX 

0.0364 

0.0378 

0.039X 

0.0404 

0.04x8 

len  tin  costs 

>er  box 

x6.oo 

X6.50 

X7.00 

17.50 

18.00 

X8.50 

X9.00 

19-50 

20.00 

20.50 

iitiding-seam 

xx>fing  costs 

^ersqft 

0.0432 

0.0446 

0.0459 

0.0473  0.0486 

0.0500 

0.0513 

0.0526 

0.0540 

0.0553 

len  tin  costs 

ler  box 

21.00 

21.50 

22.00 

22.50 

23.00 

23.50 

24-00 

24.50 

25.00 

■  •  •  • 

uading-seam 

■oofing  costs 

»eraqft 

0.0567 

0.0580 

0.0594 

0.0607  0.063X 

0.0634 

0.0648 

o.o66x 

0.067s 

•  •  ■  « 

le  abofve  estimates  do  not  indnde  cost  of  laying.  The  cost,  using  14  by  aooin  sheets, 
unooot  to  about  25%  more  than  the  cost,  using  98  by  30-in  sheets,  owing  to  the 
hm  of  ssams.    More  tin,  soMer,  deats  and  woric  are  thenlofe  niciwsry. 
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Memoranda  on  Roofing 


hit 


Ha  k  AqBs,  or  Gvtter-Sti^ 
Number  of  sheets  required  per  liae&r  foot  for  ao  aad  eS-in  widlfae 


Feet 

Widths 

Feet 

Widths 

Fteet 

Widths 

HUD- 

drwl 

WidAi 

20 

28 

20 

28 

20 

26 

■8CS 

ao 

i 

I 

I 

z 

3S 

x6 

23 

69 

31 

44 

a 

% 

li 

2 

I 

a 

3^ 

16 

as 

70 

32 

45 

3 

!» 

n 

3 

2 

2 

37 

17 

a* 

71 

33 

45 

4 

178 

4 

4 

2 

3 

38 

17 

24 

72 

3> 

46 

S 

223 

1 

5 

3 

4 

39 

i& 

25 

73 

33 

47 

6 

2(57     ^ 

6 

3 

4 

40 

18 

26 

74 

33 

47 

7 

3U     4i 
3S6     i 

7 

4 

5 

41 

19 

27 

75 

34 

4ft 

8 

8 

4 

5 

42 

19 

27 

76 

34 

48 

9 

¥» 

t 

9 

4 

6 

43 

20 

« 

77 

3S 

49 

10 

415 

k 

10 

5 

7 

44 

20 

as 

78 

35 

50 

n 

495 

9 

XI 

5 

7 

4S 

ao 

29 

79 

36 

50 

la 

54D 

H 

la 

6 

8 

46 

21 

2» 

80 

3S 

51 

13 

sas;  « 

13 

6 

9 

47 

21 

30 

81 

36 

S2 

14 

^ 

« 

X4 

7 

9 

48 

22 

31 

8a 

37 

52 

IS 

67s 

# 

X5 

7 

10 

49 

22 

31 

83 

37 

53 

16 

7» 

!■ 

i6 

8 

II 

SO 

23 

32 

84 

33 

54 

17 

TtS 

Id 

17 

8 

II 

SI 

23 

33 

85 

38 

54 

X8 

SB) 

I« 

I8 

8 

la 

Si 

24 

33 

86 

39 

55 

19 

«5 

m 

19 

9 

la 

53 

24 

34 

87 

39 

55 

ao 

»» 

tM 

ao 

9 

13 

54 

24 

34 

88 

40 

56 

at 

9IS 

1$ 

ax 

lO 

14 

55 

25 

35 

89 

40 

57 

aa 

900 

iM 

23 

lO 

X4 

56 

2S 

36 

90 

40 

57 

as 

x«as;i« 

23 

II 

IS 

57 

26 

36 

91 

41 

58 

a4 

xoBo  ISI 

94 

u 

i6 

58 

26 

37 

92 

4K 

39 

as 

XI3S  lA 

Il70|i4 

35 

" 

i6 

59 

27 

38 

93 

42 

59 

a6 

a6 

12 

17 

60 

27 

38 

94 

42 

60 

27 

i2i5.i:S 

27 

12 

i8 

61 

a8 

39 

95 

43 

61 

as 

taftolm 

28 

13 

i8 

62 

28 

40 

96 

43 

6a 

29 

I385'it 

29 

13 

19 

63 

28 

40 

97 

44 

62 

jy    .  i3So|i9 

30 

14 

19 

64 

29 

41 

98 

44 

63 

31     1  1395 

i« 

31 

14 

20 

C8 

29 

41 

99 

44 

•4 

32       1440 

sal 

32 

IS 

ai 

66 

3D 

42 

KX> 

45 

64 

31 

1485 

zn 

33 

;    ** 

ax 

67 

30 

43 

•  •  •■  • 

V  *  »  • 

«.... 

34 

xsja 

29 

34 

l6 

22 

68 

31 

43 

•   •    •   • 

•  •  •  • 

«  *  •  » 

35 

X5» 

*M 

Coat  of  Tin  in  Rolls  or  Oiitter-Stripe 

Labor,  solder,  pamt,  rosin  aad  other  materials  not  indndoi 

A  box  of  1X2  sheets  in  aS^in  roll  will  cover  175  lin  ft 
A  box  of  X 12  sheets  in  2o4n  ruU  wQI  cover  248  Kn  ft 
A  box  of  112  sheets  in  X4rin  roll  will  cover  350  Un  ft 
A  box  of  1x2  sheets  in  xo^in  roU  will  cover  496  lin  ft 


Cost  per  box  (28  by  20  in) 

Cost  per  Knear  foot,  28  in  wide. 
Cost  per  linear  foot,  20  in  wide. 


$10. 00 

0.05714 
0.04032 


Itx.oo 

0.06285 

0.0443s 


1X2. 00 
0.068s 
0.04838 


1x3  00 
.07426 
P.Q524I 


Ii4.oo|  ttsi 
0.O7998i 

o.os^^ota 


i 


Cost  per  box  (a8  by  ao  in) |  tx6.oof  $17. 


•oJ  % 
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Tia  in  Itollt.  For  the  coDvemcncc  of  roofers  aad  for  nulhoctfers,  Taxget-Aad- 
rrow  tin  Is  put  up  in  rolls  14,  30  and  28  in  wide.  Bach  roll  contains  108  sq  ft 
Amut  63  Un  ft,  s8  by  lo^in  sheets  laid  ao  in  wide).  The  tin  is  painted  on  one 
r  both  sides,  as  wanted,  with  an  approved  metaihc  brown  paint.  The  teams 
re.  carefully  soldered  by  hand,  good  100  to  100  solder  and  rosin  being  used  as 
flux. 

Slag  or  Gravel  Roofing 

The  Otdlnary  Giaval  Roofing  over  boards  is  formed  by  first  covering  the 
rface  of  the  roof  with  dry  felt  (paper)  and  over  this  la3dng  three,  four,  or  five 
irers  of  tarred  or  asphaltic  feft  lapping  each  other  like  shingles,  so  that  only 
>m  6  to  10  in  of  each  layer  are  expc^ed.  In  laying  roofs  over  concrete  the  dry 
It  is  omitted,  a  mopping  of  pitch  is  placed  directly  on  the  concrete  and  the  first 
^er  of  the  felt  embedded  in  it. 

Flashing  against  walls,  chimneys,  curbs  of  skylights,  etc.,  is  done  by  turning 
e  felt  up  6  in  against  the  walls.  Over  this  is  laid  an  8-in  strip  with  half  its 
dth  on  the  roof.  The  upper  edge  of  thei;  strip  and  of  the  several  layers  of  felt  is 
en  fastfflied  to  the  walls  by  nailing  wooden  strips  or  laths  over  the  felt  and  into 
e  walk.  Metal  flashings  to  protect  the  felt  are  better  than  the  wooden  strips 
d  should  be  used  when  possible.  At  the  eaves  and  on  all  exposed  edges, 
stal  gravel-stops  should  be  used. 

A  Better  Method  of  Slag  or  Gravel  Roofing  is  to  lay  two  plies  of  tarred  felt, 
pping  each  other  17  in,  and  then  spreading  a  coat  of  pitch  over  the  entire  roof. 
I  this  again  three  more  layers  of  felt  ar^  laid  and  then  coated  with  pitch,  into 
lich  the  crushed  slag  or  screened  gravel  is  embedded. 

Spedficationa  for  Pitch-Slag  or  Gravel  Roofing.  The  following  specifi- 
tioQ-notes  *  describe  the  latter  method  more  in  detail  and  also  the  materials 
at  should  be  used  to  secure  a  first-class  job.  These  roofs  are  most  efficient  and 
irable  on  comparatively  flat  inclines.  The  usual  built-up  roof  consists  of  suc- 
ssive  layers  of  saturated  felt  cemented  together  and  surfaced  with  coal-tar 
tch  or  asphalt,  into  which  is  embedded  the  gravel  or  slag.  Tile  is  also  used  as  a 
rfacing  material.  The  saturants  used  in  the  felt  are  generally  coal-tar  or 
phalt-compounds. 

(z)  Specification  for  Pitch-Slag  or  Pitch-Gravel  Roofing  Over  Wooden 

Sheathing 

This  specification  should  not  be  used  when  the  roof-incline  exceeds  3  in  to  i  ft. 

Lay  one  thickness  of  sheathing-paper  or  unsaturated  felt  weighing  not  less 

an  5  lb  per  100  sq  ft,  lapping  the  sheets  at  least  z  in. 

Over  the  entire  surface  lay  two  plies  t  of  tarred  felt,  lapping  each  sheet  17  in 

•er  the  preceding  one,  and  nail  as  often  as  is  necessary  to  hold  them  in  pla- " 

itil  the  remaining  felt  is  laid. 

Coat  the  entire  surface  uniformly  with  pitch. 

*  Condensed  and  adapted  from  the  roofing  specifications  published  by  the  Barrett 
impany  and  known,  in  their  full  form,  as  "The  Barrett  Specifications."  They  can  be 
tained  from  the  manufacturers.  | 

t  In  the  Western  States  the  number  of  "plies"  is  construed  to  mean  the  total  num- 
t  of  layers,  including  dry  as  well  as  saturated  felt,  and  the  terms  3-ply,  5-pIy,  etc.,  are 
leioafter  used  on  that  basis.  In  the  Eastern  States,  3-ply,  5-ply.  etc.,  usually  refers 
the  number  of  layers  of  saturated  felt.  The  total  number  of  layers  should  always  be 
ecified  if  there  is  any  doubt  as  to  the  exact  meaning  of  the  term  as  used  in  the  sped- 
fttioQS. 


Orer  the  entire  lurface  lay  three  {dies  of  tuied  Celt,  lappinc  each  ihed  i>  i 
over  the  precedlDg  one  tnd  moplsag  with  patch  the  fuli  ii  in  on  each  iheO.! 
that  in  DO  place  felt  touches  lelt.  Do  such  oailing  as  is  aecevaiy  k>  that  ill  ai 
ue  eorered  by  not  less  than  two  plies  of  Ut. 


Spread  over  the  entire  surface  a  uniform  coating  of  |Mtch,  into  iriudi.  ■)! 

hoi,  embed  not  less  than  400  lb  of  gravel  or  joo  lb  of  sUg  to  each  leo  >q  fl.  71 
groins  of  the  gravel  01  slag  are  to  be  from  M  to  H  in  in  mjc,  and  dry  and  frtelE* 
dirt. 

Thercxif  may  be  inspected  before  the  gravd  or  slag  is  applied,  by  cutlioctJ 
not  less  than  3  ft  long  at  right-angles  to  the  direction  in  which  the  fdt  b  III 
M  felt  and  IMlch  is  to  bear  the  manufacturer's  label. 

(1)  SpMiflcadoD  lor  PiUh-Slag  or  Piteh-Gnril  tot  Roofliic  orer  OaciW 

This  spedfiration  should  not  be  used  when  the  roof -incline  exceeds  j  in  lol 
foot.  When  the  incline  exceeds  i  in  to  1  ft  the  concrete  must  permit  of  naiiiii<< 
nailing-strips  must  be  [H/jvided. 

Coat  the  concrete  uniformly  with  hot  pitch. 

Over  the  entire  surface  lay  two  plies  of  tarred  felt,  lapping  each  sheet  i;t 
over  tbe  preceding  one.  noppuig  with  [ntch  the  full  17  in  on  each  sheet,  wtM 
In  no  place  fell  touches  felt.  ^  1 

Coat  the  entire  surface  uniformly  with  pitch. 

Over  the  entire  surface  lay  three  plies  of  tarred  lelt,  lapping  each  sheet  nil 
over  the  preceding  one  and  mopping  with  pitch  the  full  11  in  on  each  shcrt.' 
that  in  DO  place  lelt  touches  felt.  J 

Spread  over  the  entire  surface  a  unifonn  coating  of  pitch,  into  which,  li^ 
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4bt,  embed  not  leas  than  400  lb  of  gravel  or  300  lb  of  slag  to  each  100  sq  ft.  The 
irains  of  the  gravel  or  slag  are  to  be  from  H  to  H  in  in  size,  and  dry  and  free  from 
dirt. 

The  roof  may  be  inspected  before  the  gravel  or  slag  is  applied,  by  cutting  a  slit 
not  less  than  3  ft  long  at  right-angles  to  the  direction  in  which  the  feit  is  laid. 
Ail  felt  and  pitch  is  to  bear  the  manufacturer's  label. 

Notes  on  Slag  and  Gravel  Roofing.  The  difference  between  slag  and  gravel 
looting  is  that  for  the  former  crushed  slag  is  used  instead  of  gravel.  The  greater 
the  number  of  plies  of  tarred  felt,  the  greater  the  amount  of  pitch  that  it  is  prac- 
acal  to  use,  and  it  is  the  pitch  that  gives  life  to  the  roof.  As  there  are  several 
Sifferent  weights  and  qualities  of  tarred  felt,  a  specification  should  state  either 
the  minimum  weight  per  100  sq  ft,  single  thickness  (the  most  practical  weight  is 
!rom  14  to  16  lb),  or  some  known  quality,  such  as  Barrett's  "  Specification  Tarred 
?'clt."  Felt  weighing  less  than  12  lb  per  100  sq  ft  is  not  economical  even  on  the 
Reaper  work.  To  comply  with  the  Barrett  specification  the  materials  neces- 
\uy  for  each  100  sq  ft  of  completed  roof  are  approximately  as  follows: 


Over  boards 

Material 

Over  concrete 

loSsqft 
80  to   85  lb 
120  to  160  lb 
400  lb 

300  lb 

Sheathtng-paper 

Specification  tarred  felt 

Specification-pitch 

Gravel 

Slag 

None 

80  to   851b 
180  to  225  lb 
400  lb 
300  lb 

f 

In  estimating  felt,  the  average  weight  is  practically  15  lb  per  100  sq  ft,  single 
hickness,  and  about  10%  additional  is  required  for  laps.  In  estimating  pitch 
be  weather-conditions  and  expertness  of  the  workmen  will  affect  the  amount 
iecessary  for  the  moppings  and  for  a  proper  embedding  of  the  gravel  or  slag.  As 
here  are  several  qualities  of  pitch,  a  specification  should  either  specify  it  by 
ame,  such  as  "Specification-Pitch"  or  "Straight-Run  Coal-Tar  Pitch,"  or  in 
pecifying  asphalt-pitch,  the  brand  or  origin  should  be  plainly  defined.  The 
ise  of  an  under-layer  of  sheathing-paper  next  to  board<sheathing  is  mainly  for 
tie  purpose  of  preventing  any  pitch  which  might  penetrate  the  felt  from  cement- 
ig  the  roofing  to  the  sheathing.  It  is  also  of  value  in  preventing  the  drsring  out 
f  the  roof  from  below  through  open  joints.  Where  a  less  expensive  roof  is  de- 
Ircd,  four  plies  or  three  plies  of  saturated  felt  may  be  used.  With  the  four  plies 
lere  should  be  used  from  90  to  100  lb  of  pitch  per  100  sq  ft  of  completed  roof; 
ad  with  the  three  plies  from  70  to  80  lb  of  pitch. 

Dnrability  of  Slag  or  Gravel  Roofs.  These  roofs,  mentioned  in  the  pre- 
Kiing  paragraph,  w^ill  last  from  five  to  ten  years,  or  even  longer,  depending  upon 
le  quality  of  the  materials  used  and  the  care  with  which  they  have  been  applied. 
oofing  put  on  strictly  as  provided  for  in  the  standard  specifications  will  last 
irenty  years  or  more,  and  if  a  tile  surface  is  used,  instead  of  gravel  or  slag,  the 
K)fing  will  last  as  long  as  the  structure  itself. 

Resistance  to  Fire,  Acid-Fumes,  Etc.  The  fire-resisting  properties  of  the 
ag  or  gravel  roof  are  due  principally  to  the  incombustible  material  on  the  sur- 
(Ce-    It  is  claimed  that  the  gravel  or  slag  tends  to  prevent  the  successive  layers 

felt  and  pitch  from  burning  and  the  whole  mass  has  a  blanketing  influence  on 
•cs  originating  within  the  building.  Some  carefully  conducted  tests  seem  to 
dicate  that  gravel  roofing  protects  a  wooden  roof  better  than  tin.  The  general 
led  of  a  fire  upon  gravel  roofing  is  to  soften  the  pitch  or  asphalt  in  the  roofing. 
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to  bum  oat  the  inflammable  oil  in  them  and  to  cause  the  residue  to  swell  audit 
a  porous,  incombustible  coke.  This  type  of  roofing  is  not  attacked  by  oocni 
gases  or  add-fumes,  and  is  used  extensively  on  railroad-roundhouses  and  od 
structures  where  the  conditions  are  p»articulariy  severe.  Coal-tar  or  im 
should  not  be  added  to  the  pitch  to  soften  it. 

Guarantee.    Roofers  generally  give  a  five-year  guarantee  with  giavd  rmI 

Cost*  of  Pitch-Slag  or  Gravel  Roofing.  The  cost  of  this  type  of  ro^ 
varies  greatly,  depending  on  the  location,  size  and  quality  of  the  work,  thee 
tremes  being  approximately  $2.50  and  $3.50  per  square  for  three-ply,  $3,501 
$4.50  per  square  for  four-ply,  and  $4.50  and  $7.00  per  square  for  five-pfy  loofii 

Asphalt-Gravel  Roofing 

Asphalt-Gravel  or  Asphalt-Slag  Roofing  differs  from  coal-tar  roofing  pcH 
pally  in  the  substitution  of  asphalt  or  asphaltic  cement  for  the  coal-tar  pitdi.! 
saturating  the  felt  as  well  as  for  mopping  and  surface-coating.  It  is  claimed  tk 
the  oils  of  asphalt  do  not  evaporate  as  quickly  as  do  those  of  coal-tar  pitch  vad 
ordinary  temperatures  and  that  therefore  the  flexibility  and  life  of  asphaltkij 
and  coatings  are  not  as  quickly  destroyed.  As  a  matter  of  fact,  asphalt  roofed 
not  always  last  longer  than  some  coal-tar  roofs,  but  the  chances  are  that  tk 
will  last  fully  as  long  and  possibly  longer,  depending  upon  the  quality  oi  i 
materials  and  the  workmanship.  The  asphalt  used  for  roofing  is  obtaixied  pd 
cipally  from  the  island  of  Trinidad. 

Specifications  for  Asphalt  Roofing. f  The  following  specificatioBs « 
prepared  by  the  above-named  company  and  are  for  Warren's  heavy  stuM 
Anchor-brand  roofing.  The  manner  of  laying  the  felting  differs  from  that  m 
narily  employed  for  coal-tar  roofing. 

(z)  Specification  for  Asphalt-Gfavel  Roofing  Over  Wooden  Sheatldac 

Cover  the  roof  with  two  thicknesses  of  Warren's  Composite  roofin^kl 
manila-paper  side  down,  lapping  each  sheet  17  in  over  the  preceding  00a  tf 
securing  with  nails  through  tin  discs  about  aH  ft  apart. 

Over  the  entire  surface  of  the  Composite  felt  thus  laid,  mop  an  even  ao^ 
of  Warren's  Anchor  Brand  roofing-cement,  into  which,  while  hot,  by  n 
thicknesses  of  Anchor  Brand  felt,  lap(Mng  each  sheet  17  in  over  the  ski 
preceding,  sticking  these  laps  the  full  width  with  hot  Anchor  cement  and  xM 
with  nails  through  tin  discs  not  more  than  20  in  apart. 

Over  the  entire  surface  of  the  felt  thus  prepared,  spread  an  even  coating  of  i 
cement,  covering  it  immediately  with  a  sufficient  body  of  weli-screeoed,  4 
gravel  or  crushed  slag. 

If  the  roofing  is  applied  in  cold  weather  the  gravel  or  slag  must  be  heated 

Slag  only  should  be  used  if  the  Incline  of  the  roof  exceeds  3  in  to  the  foot-  ; 

All  layers  of  felt  must  be  turned  up  at  least  4  in  over  battlement-walls,  ^ 
^htKTurbs,  or  any  projections  raised  above  the  roof. 

(a)  Specification  for  Asphalt-Gravel  Roofing  Over  Concrete 

The  concrete  foundation  is  to  be  smooth  and  perfectly  graded  to  carry  1| 
water  to  the  outlets  or  gutters.  i 

Over  the  entire  surface  of  the  concrete  first  mop  a  smooth,  even  coatiRr* 
Eclipse  Asphalt  cement,  into  which,  while  hot,  lay  two  thicknesses  of 


Anchor  Brand  roofing-felt,  lapping  each  sheet  17  in  over  the  sheet  pecoedo^' 

*  These  prices  have  advanced  and  the  manufacturers'  lists  must  be  consaked.      ! 

fThe  asphalt-roofing  materials  manufactured  by  the  Warren  Chemical  &  l>ffin*l| 
turing  Company  of  New  York  have  been  used  for  many  years  and  have  gives  f^ 
satisfaction. 
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flf op  back  for  the  fuU  width  between  the  laps  of  the  felt  thus  laid,  with  War- 
d's Anchor  Brand  roofing-cement. 

X>vei'  the  entire  exposed  surface  of  the  felt  mop  an  even  coating  of  said  Anchor 
fment,  into  which,  while  hot,  lay  two  thicknesses  of  Anchor  Brand  felt,  lapping 
kh  sheet  17  in  over  the  sheet  preceding,  and  sticking  these  laps  thoroughly  the 
tn  width  with  hot  cement. 

;  Over  the  entire  surface  of  the  felt  thus  prepared,  q)read  an  even  coating  of  the 
anent,  covering  it  immediately  with  a  sufficient  body  of  well-screened,  dry 
ravel  or  crushed  slag. 

If  the  roofing  is  applied  in  cold  weather,  the  gravel  or  slag  must  be  heated. 
Slag  only  should  be  used  if  incline  of  roof  exceeds  3  in  to  the  foot.  On  steep 
nrfaces  nailing'Strips  should  be  provided  in  the  concrete,  unless  the  latter  is 
Efficiently  soft  to  admit  of  nailhig.  All  layers  of  felt  must  be  turned  up  at 
ast  4  in  over  battlement-walls  and  skylight-curbs,  or  any  projections  raised 
X)ve  the  roof. 

Cost  of  Aaphalt^Graval  or  Slag  Roofing.  Asphalt-gravel  roofing  costs  a 
:tle  more  than  pitch-gravel  roofing  of  the  same  grade.  (See  Cost  of  Pitch- 
as  or  Gravel  Roofing,  page  1598.) 

Rool-Incline.*  Asphalt-gravel  or  asphalt-slag  roofing  should  not  be  applied 
roofs  which  are  steep  enough  to  make  the  material  run  in  hot  weather.    The 

antif  acturen  of  various  roofings  will  guarantee  the  permanency  of  their  roofings 

r  certain  maximum  slopes. 

Prepared  Roofliig.  There  is  a  large  number  of  so-called  prepared  roofings 
READY  ROOFINGS,  which  are  made  by  cementing  together  two,  three,  or  more 
yers  of  saturated  felt  or  felt  and  burlap  and  then  coating  the  combination  either 
ith  a  hard  solution  of  the  same  cementing  material,  or  with  hot  pitch  or  asphalt 
to  which  is  embedded  sand  or  fine  gravel.  These  roofings  are  commonly  put 
>  in  rolls  36  in  wide  and  are  applied  by  lapping  the  strips  2  in  with  a  coat  of 
menting  material  between,  and  nailing  every  a  or  3  in  ¥nth  tin-capped  roofing- 
ils.  A  sufficient  quantity  of  cement,  nails  and  tin  caps  is  packed  in  the  middle 
the  rolls.  The  particular  advantage  of  these  roofings  is  that  no  previous  expe- 
snce  is  required  for  laying  them  and  no  kettles  are  required;  for  this  reason  they 
e  extensively  used  in  the  country,  and  on  railroad-shops,  factories,  and  mill- 
lildings.  In  cities  there  is  no  particular  advantage  in  using  them  except  for 
[>fs  that  are  too  steep  for  coal-tar  pitch,  as  they  cost  on  the  roof  about  the  same 
good  gravel  roofing.  Many  of  these  prepared  roofings  are  as  durable  under  or- 
lary  conditions  as  the  light-weight  gravel  roofs.  In  Colorado,  however,  it  has 
en  found  that  they  are  badly  damaged  by  severe  hail-storms,  probably  owing 
the  lack  of  the  protecting  gravel.  For  roofs  having  a  rise  of  z  in  or  more  to 
e  foot,  these  roofings  make  economical  and  durable  roofs,  and  for  some  build- 
^  are  to  be  preferred  to  other  materials. 

Corrugated  Iron  and  Steel  Sheets 

CcMTUgated  Sheets  of  iron  and  sted  are  very  extensively  used  for  the  roofing 
)  siding  of  miUs,  sheds,  grain-elevators  and  warehouses.  The  best  grades  of 
Tusated  sheets  are  now  made  of  double-refined  box-annealed  iron  or  steel,  t 

Xbe  Editor  has  been  notified  by  the  Warren  Chemica]  &  Manufacturing  Company, 
^  Vork,  that  when  put  on  according  to  their  directions,  their  Anchor  Brand  roofing  has 
D  successfully  used  on  relatively  steep  surfaces  where  the  slope  was  as  high  as  9  in  to  the 

It  is  claimed  that  "the  life  of  a  genuine  PUDDLED-iaoN  sheet  when  expoaed  only  to 
pure  air  and  natural  elements  is  from  five  to  eight  times  longer,  and  when  expoaed  t* 
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The  corrugations  are  usually  made  lengthwise  of  the  sheet,  either  by  passe 
I  hem  through  rolls  or  by  pressing  the  plain  sheets  in  a  press  made  to  i^vt  tli 
desired  corrugations.  It  is  claimed  that  the  latter  method  gives  the  more  pc 
feet  and  uniform  corrugations.  The  weight  and  thickness  of  the  metal  is  rq 
resented  by  the  gauge-number  of  the  black  sheets  from  which  the  comigatd 
sheets  are  made..  The  standard  gauge*  for  sheet  iron  and  steel  in  this  couAti 
is  that  established  by  act  of  Congre^,  March  3,  1&93.    (See  page  402.) 

Gauges.  The  following  table  gives  the  weights  and  thicknesses  of  the  dine 
ent  gauges,  from  No.  7  to  No.  30,  for  flat  black  sheets.  The  gauge  extea 
from  No.  7-0,  H  in  thick,  up  to  No.  40, 0.005469  in  thick,  but  sheet  steel  b  a 
commonly  made  thinner  than  No.  30,  and  above  Mo  in,  the  thickness  is  geae 
ally  designated  by  fractions  of  an  inch.  Section  3  of  the  act  of  Congress  pn 
\ndes  that  in  the  practical  use  and  application  of  this  gauge,  a  variation  i 
«Vi%  either  way  may  be  allowed. 

United  States  Standard  Gauge  for  Sheet  Iron  and  Steel  * 


Num- 
ber of 

Thicknesses 

Weights 

Approximate 

Approximate 

Weight  per 

Weight  per   t 

sause 

thickness  in 

thickness  in 

square  foot 

square  ftxx 

•-•'"•^ 

fractions  of 

decimal  parts 

in  ounces. 

in  poonds 

an  inch 

of  an  inch 

avoirdupois 

avc^rdopois 

7 

Ht 

0.187s 

120 

7  5 

8 

»H4 

0.17187s 

no 

687s 

9 

5fc 

0.1562s 

100 

625     n 

S62S 

10 

%4. 

0.14062s 

90 

II 

H 

O.I2S 

80 

5.0 

12 

H* 

O.I0937S 

70 

437S 

13 

5i2 

0.0937s 

60 

3-7S 

14 

H* 

0.078125 

so 

3.12s 

IS 

?l28 

0.0703125 

4S 

2.812s 

16 

H« 

0.0625 

40 

2.5 

17 

9ioo 

0.0562s 

36 

2.2$ 

18 

J/60 

0.05 

32 

2.0 

19 

M«o 

0.0437s 

28 

X-7S 

20 

^io 

0.037s 

34 

1.50 

21 

»H20 

0.034375 

22 

1.375 

22 

Hi 

O.Q3125 

20 

1.25 

23 

?3ao 

0.028125 

18 

1. 125 

34 

Ho 

0.025 

16 

1.0 

25 

T620 

0.021875 

14 

0  87s 

26 

?ieo 

0.01875 

12 

0.7s 

27 

»^40 

0.017187s 

It 

0.687s 

28 

^4 

0.015625 

10 

0.62s 

29 

9640 

0.0140625 

9 

0.562s 

30 

^*0 

0.0125 

8 

OS 

Galvanidng  the  Sheets  adds  approximately  2\i  oz  per  sq  ft  to  the  abiM 
weights.  The  regular  sizes  of  the  corrugations  are  2H,  iH,  H  and  ^t  i^ 
measured  from  center  to  center.    Besides  these  sizes,  5-in,  3-in  and  24n  cocia 


sulphurous  and  other  gases  from  ten  to  twenty  times  longer,  than  a  sheet  of  steel  or 
steel  of  the  same  gaage,  or  a  light-gauge  sheet  made  from  pure  puddled  pig-irao;  aad  tb4 
it  will  wear  longer  than  steel  sheets  of  the  heaviest  gauges,  or  galvanized  sheets  of  dl 
tame  gauge. " 
•  For  other  gauges,  see  pages  401,  40a,  403, 1469, 14731 1S09.  iSioand  1511. 
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■>  comigating  companies.  Corrugated  sheets  are 
it,  7 -ft,  8-ft,  9-ft  and  lo-ft  lengths.  Sheets  can 
I  cost  of  5%  extra.  The  &-ft  length,  however,  is 
Ith  of  the  sheets,  as  a  rule,  is  24  in  between  cen- 

so  that  the  covering  width  is  24  in  when  one 
ap.  This  applies  to  all  sizes  of  corrugations,  all 
ider  sheets.  The  2-in,  2H-in  and  3 -in  corrugated 
m  No.  16  to  No.  28,  the  iV4-in  corrugated  sheets 
corrugated  sheets  from  No.  24  to  No.  28  and  the 
i6,  27  and  28  only.  No.  28  gauge  is  the  one  com- 
le  sheets  are  generally  painted  with  a  red  mineral 

inized  sheets,  also,  can  be  obtained  if  desired. 

y  the  square  (xoo  sq  ft),  measuring  the  actual 

gated  sheets. 


ftted-Steel  Roofing* 

roofs,  either  3-in,  2^in,  or  2-in  corrugations 
:he  most  common  size.    The  thickness  or  gauge 
^n  the  supports  on  which  the  sheets  are  laid. 
be  Ijud  on  close  sheathing,  or  strips  not  more 
The  maximum  distances  between  supports  for 

»:t 

l^i  ft,  center  to  center. 

n  2  to  3  ft,  center  to  center. 

_    «.  -^-/ t  •-  o  ^t,  center  to  center. 

ribr  No.  16  gauge,  s  to  6  ft,  center  to  center. 

The  least  pitch  which  should  be  given  to  roofs  that  are  to  be  covered  with 
ornxgated  sheets  is  3  in  to  the  foot,  and  for  trussed  roofs  it  is  not  desirable  to 


Fig.  1.    Approved  Method  of  Laying  for  Side  Lap 


ave  less  than  a  one-fourth  pitch  (6  in  to  the  foot).  When  laid  on  a  roof,  corru- 
ated  sheets  should  have  a  lap  at  the  lower  end  of  from  3  to  6  in,  according  to 
fcic  pitch  of  the  roof.  For  a  H  pitch,  a  3-in  lap  is  used;  for  a  H  pitch,  a  4-in 
ip;  and  for  a  M  pitch,  a  5-in  lap.  For  the  side  lap  it  is  recommended  that 
n^li  alternate  sheet  be  laid  upside  down  and  lapped  as  shown  in  Fig.  1.  By 
tiis  method,  when  water  is  blown  through  the  first  lap,  it  will  stop  and  not  pass 
he  half  lap,  but  run  down  and  out  at  the  end  of  the  sheet.  A  great  deal  of 
9ofiiig»  however,  is  laid  as  in  Fig.  2.  In  applying  to  sheathing  or  wooden  strips, 
^  sheets  are  secured  by  nailing  through  the  tops  of  the  corrugations,  the  nails 
driven  through  every  alternate  corrugation  at  the  ends,  and  about  8  in 


*  Much  practical  information  regarding  the  use  of  corrugated  sheets  on  mill-build- 
i«ES  with  many  details,  is  contained  in  Steel  Mill  Buildings  and  in  the  Structural  En* 
Ineen'  Handbook,  by  Milo  S.  Ketchum. 

•f-   For  the  stxeogth  of  corrugated  sheets,  see  the  books  above  mentioned. 
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apart  at  the  sides.  When  applied  to  iron  or  steel  parfins,  the  side  laps  sind 
extend  over  at  least  iH  corrugations,  and  the  sheets  should  be  riveted  tageth 
every  8  in  on  the  sides  and  at  every  alternate  corrugation  at  the  ends.  H 
Cincinnati  Corrugating  Company  makes  a  patent  edge<orrugatioo  vkic 
makes  a  tight  joint  with  a  lap  of  only  one  corrugation.    To  fasten  the  sheets  I 


Fig.  2.    Common  Method  of  Laying  for  Side  Lap 

the  purlins,  which  are  usually  steel  angles,  cleats  of  band-iron,  H  ixHmwA 
may  be  passed  around  or  under  the  purlins  and  riveted  at  both  ends  to  ll 
sheets,  as  shown  in  Fig.  3.  By  contracting  or  pressing  these  cleats  toward  d 
web,  a  tight,  secure  fastening  results,  which  allows  for  contractioo  and  expansa 
of  the  sheets.    Cleats,  however,  are  generally  used  only  with  channel  or  Z-h 


F^.  3.    Sheets  Fastened  to  Angle- 
purlin  by  Band-iron  Cleats 


Sheets  Fastened  to 
by  Clinch-naib 


purlins.    For  angle-iron  purlins,  clinch-nails,  made  of  soft -iron  wire,  are  cot 
kuonly  used,  as  shown  in  Fig.  4;  they  make  very  satisfactory  fastenings. 

The  following  table  shows  the  sizes  of  clinch-nails  to  be  used  with  (fiffeal 
sizes  of  angle-purlins  and  also  the  number  of  nails  to  the  pound  in  each  instaa^ 


L 


Purlin-angles 3X2  in 

Lengths  of  nails 4  in 

Number  of  nails  per  pound 48 


2HX3  in 

3WX3Vi  in 

-4X4*5  i= 

5  in 

6  in 

TIC 

38 

33 

*7 

4 


The  nails  should  be  placed  through  the  top  of  every  second  or  third  comd 
tion.  At  the  eaves  of  the  building  and  along  the  edges  of  the  ventilators  ipeq 
pains  should  be  taken  in  fastening  the  roofing,  as  these  are  the  i^aoes  what! 
iorce  of  the  wind  is  the  greatest  and  where  it  tends  to  strip  the  too6iig  horn  i 
purlins.  For  these  parts  of  the  roof  the  best  method  of  fastening  is  that  A^ 
in  Fig.  6.  These  fastenings  consist  of  strips  of  sheet  iron  about  2  in  wider  tM 
the  purlins,  made  of  No.  12  iron  and  riveted  to  the  purlins  with  H-in  v^ 
spaced  10  in  apart.  To  these  strips  the  corrugated  sheets  are  riveted,  e^ 
5  in  or  every  two  corrugates,  with  6-lb  rivets.  The  method  of  fastening  i^ 
in  Fig.  6,  also,  answers  very  well  and  is  less  expensive.  1 


Cbrrugated  Siding 
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B  onferiog  cormgKted  sheets  an  aUowance  mast  be  made  for  the  laps.    The 
Dwiag  table  gives  the  number  of  square  Ceet  necessary  to  cover  one  square  at 


Fig.  6.    Approved  Fastening 
for  Sheets  at  Eaves 


Fig.  6.    Alternate  Method  ol 
Fastening  at  Eaves 


aal  surface,  using  sheets  8  ft  long.    If  shorter  sheets  are  used,  the  allowanoo 
»t  be  slightly  increased. 

f  amber  of  Square  Feet  of  Corrugated  Sheets  to  Cover  loo  Square  Feet 

of  Roof 


nd-lap6 

xin 

2  in 

3  in 

*4in 

sin 

6  in 

,de  lap,  I  corrugation. 

xSe  lap,  i^'j  corrugations... . 
.<2e  lap.  a  corrugations 

sqft 
xio 
1x6 

123 

sqft 

XIX 

1X7 

124 

sqft 
xxa 
iiS 

X3S 

sqft 
113 
XI9 

X36 

sqa 
XI4 

I30 
X37 

sqft 

US 
X3X 
X38 

Lpprosdmate  Weights  In  Pc 

guilds  of  xoo  Square  Feet  of  aH-in  Conugatad 
Sheets 

auge 

No.  aS 

No.  17 

No.a6 

No.  34 

No.  as 

No.  30 

No.  x8 

No.  x6 

Linted 

dLvanized. 

69 
86 

77 
93 

84 
99 

XXX 
X37 

138 
154 

i6s 

X83 

330 

336 

375 
391 

oti-Condensation  Lining.  Wherever  corrugated  steel  is  laid  on  purlins 
I  no  sheathing  or  paper  underneath,  if  the  building  is  heated,  moisture  will 
iriably  collect  on  the  under  side,  and  if  the  air  in  the  building  is  warm  and 
lid,  considerable  dripping  will  result.  To  prevent  this  dripping,  it  is  neces* 
to  protect  the  under  side  of  the  corrugated  steel  with  paper  or  felt.  This 
■  be  done  by  first  stretching  poultry-netting  over  the  purlins,  from  eaves  to 
s,  and  wiring  the  strips  together  at  the  edges.  Over  this  should  be  laid  one 
kness  of  asbestos  paper  and  one  or  two  layers  of  ^turated  felt.  The  cor- 
kted  steel  may  then  be  fastened  to  the  purlins  m  the  usual  way.  The  side 
may  be  secured  by  stove-bolts,  with  x  by  H  by  4'in  plate  washers  on  the 
BT  side,  to  support  the  lining. 

Corrugated  Siding 

ir  Sid]iig,'either  the  sH,  3,  or  iH-in  corrugations  are  used.  The  iM-in  lixe, 
t^rcr,  mAlccs  the  best  appearance.  For  the  laps,  i  in  at  the  bottom  and  one 
wtpatkm  at  the  sides  are  sufficient. 

r  flheda,  etc.,  the  sheets  may  be  nailed  to  cross-pfeocs  cut  in  betwwB  the 
s  lioriaontaUy  and  spaced  from  a  to  3  ft  apart,  the  studs  bdag  from  s  to  4  ft 
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on  centen.  For  elevators,  either  cnMS-oomigated  sheets  or  sheets  not  i 
than  32  in  long  should  be  used.  The  nails  should  be  driven  in  the  trom 
each  alternate  corrugation,  2  in  above  the  lower  end  of  the  sheet,  which  vi 
I  in  ABOVE  the  top  end  of  the  under  sheet.  This  allows  the  sheet  to  siiik 
in  32  in  as  the  building  settles,  before  the  nail  will  strike  the  upper  eadd 
lower  sheet.    The  side  lap  should  not  be  nailed. 

Ceilittga.  For  the  ceilings  of  stores,  stables,  etc..  Me  or  H-in  cocnc 
sheets  are  much  used;  and  the  construction  is  an  excellent  one  far 
purpose. 

Galvanized  Iron.  This  term  is  commonly  applied  to  all  galvanized  i 
metal.  Formerly  most  of  the  galvanized  sheets  had  a  steel  base,  but ! 
about  1906  a  nearly  pure  iron,  called  Toncan  Metal,  has  been  laigel>'  ojd 
sheets  of  very  fine  quality.  Galvanised  sheets  come  in  lengths  of  6,  7  aod 
in  United  States  Gauge-Nos.  14,  x6,  18,  20,  22,  24,  26,  27,  28  and  50.  u 
widths  of  24,  26,  28, 30  and  36  in  for  all  gauges  except  No.  30,  which  is  madr 
in  widths  of  24,  26  and  28  in.  Sheets  of  No.  28  gauge  are  also  made  in  iniU 
32  and  34  in.  The  widths  commonly  carried  in  stock  are  24,  28  and  j 
Most  of  the  galvanized  iron  used  for  cornices  and  ornamental  work  b  St 
gauge.    No.  28  is  sometimes  used  for  gutters  and  conductors. 

• 

Copper  for  Roofs 

Method  of  Applying.  This  is  usually  in  2H  by  5-ft  sheets,  makiag 
sq  ft  and  weighing  from  10  to  14  lb  per  sheet.  It  is  laid  on  boards  to  vtt 
is  fastened  by  copper  cleats.  No  solder  is  employed,  as  it  is  in  tin  roofs,  u 
horizontal  joints,  and  the  horizontal  and  sloping  joints  are  made  by  simpird 
lapping  and  bending  the  sheets.  The  horizontal  joints  are  locked  togetheri 
thaa.  tightly  flattened  down. 
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Floor-Tiling  and  Wall-Tiling 

Tile  Floors  are  extensively  used  in  the  better  class  of  buildings,  tod  I 
ticularly  in  those  portions  which  are  used  by  the  public,  on  accoimt  of  thcrl 
durability,  sanitary  qualities  and  decorative  efifects.  As  a  matter  of  fact  li 
tile  floor  is  also  cheaper  in  the  long  run  than  a  wooden  floor  if  it  is  s^ 
much  wear.  The  materials  used  for  tiling  floors  are  tiles  made  from  6St 
grades  of  clay,  marble,  slate,  glass  and  rubber.  Of  these  probably  tbe  I 
durable  and  sanitary  are  the  vitreous  clay  tiles.  For  walls  and  wainscott 
glazed  tiles,  marbles  and  glass  are  extensively  used. 

Floor-Tiles.    The  following  include  some  of  the  principle  kinds  of  6x5  i 

(1)  Common  Bncaoatic  Tllaa.  These  belong  to  the  cheapest  gnuks,  ad 
made  of  naturally  colored  clays,  red,  buff,  gray,  chocolate  and  black.  1 
tiles  are  of  a  porous,  absorbent  nature  and  are  used  for  common  floocs  « 
sanitary  requirements  are  not  exacting. 

(t)  Semivitreoas  Tiles.  These  belong  to  a  somewhat  better  grade  tbii 
first  mentioned  and  are  less  porous  and  absorbent. 

(f)  Vitreotts  Tiles.  These  are  the  hardest  tHes  known,  cannot  be  scxd 
by  steel  or  sand,  and  are  non-absorbent  and  thoroughly  aseptic  Thcysn^ 
principally  for  floors  re<iuiring  a  perfect  sanitary  condition  and  are  msniM 
in  white,  blue,  gray,  green  and  pink  colon  of  great  delicacy. 


Classification  of  Tiles  1605 

|l)  C«niiiic  Titos  or  Cenunk  Soohui  MomIc.  This  material  is  made  of 
teovs  day  in  tesseral  pieces  representing  the  tesserae  of  the  Roman  mosaics. 
i  made  into  regular  tiles  ranging  from  H  to  H-in  squares  and  also  in  hexagonal 
pes  from  H  in  to  i  in  in  size.  A  rounded  lozenge  tile  is  also  manu- 
tured  to  be  laid  in  tesseral  paving.  (See,  also,  Flooring  of  Mosaic,  Terrazzo, 
,  page  1607.) 

'he  material  itself  is  of  great  hardness  and  well  suited  for  work  of  a  monu- 
ital  or  public  character.  The  even  and  r^^lar  texture  of  the  tesserae  admits 
adoption  of  damask  designs  which  have  become  identified  and  associated 
1  this  material.  The  minuteness  of  the  tesserx  admits  of  a  great  range  in 
gning  and  the  following  of  the  architectural  lines.  The  ceramic  Roman 
aic  is  much  preferred  to  mosaic  consisting  of  natural  marbles,  because  of  the 
.t  variety  in  colors  and  its  greater  durability.  The  vitreous-clay  tiles  are 
erv'ious  to  attacks  of  any  acids  contained  in  the  atmosphere,  while  marbles, 
cially,  are  subject  to  rapid  disintegration  caused  by  the  sulphuric  acid  con- 
ed in  the  smoke-laden  atmosphere  of  our  dties. 

f)  Florentine  Moeaics  and  Flint  Tiles.    These  are  the  largest  and  heaviest 

manufactured  in  this  country.    They  are  either  plain  or  inlaid  and  arc  in 

especially  in  ecclesiastic  work  on  account  of  their  relation  to  mediaeval 

ication.    The  material  is  vitreous,  annealed  and  tougher  than  it  b  brittle. 

also  in  use  for  exterior  polychrome  work. 

)  Aseptic  Tiles.  These  are  large,  heavy  and  thoroughly  vitreous  tiles  used 
nsCitute  woric.  They  are  the  only  vitreous  tiles  of  large  size  made  in  this 
itry.  As  the  tiles  are  large  and  generally  of  hexagonal  shape,  the  joints 
es  are  reduced  to  a  minimum,  and  they  are,  therefore,  especially  adapted 
lospitals,  opeFating-rooms  and  wards  for  contagious  diseases. 

Muneled  Tiles,  WaU-Tlles  and  Mantel-Tiles.  The  following  include 
i  of  the  enameled  tiles: 

I  "White,  Wall-Tiles.  These  are  glazed  tiles  for  wainscots.  They  have 
lite,  soft  body  and  a  surface  covered  with  a  dear  glaze.  The  brilliancy  of 
gflaze  and  its  reflecting  properties  make  the  white  wall-tiles  especially  de- 
le for  dark  passages. 

Colored,  Glazed  or  Bnameled  Tiles.  These  tiles  are  about  the  same  as 
ormer  in  quality;  the  glaze  or  enamel,  however,  is  stained  with  metallic 
>s,  which  produces  a  brilliant  decorative  effect. 

I>uU>Satin,  etc..  Finished,  Enameled  Tiles.  These  are  glazed  tiles  with 
uu  or  BUND  enamel- 5nish.  The  dull  finish  is  produced  either  by  sand- 
InK  c>r  by  devitrifying  enamels.  It  is  principally  used  for  quaint  decorative 
s  in  mantel-work. 

OUuced  Roman  Mosaics.    This  is  a  type  of  enameled  tiling  which  has 
decorative  possibilities.    It  has  the  same  tesseral  texture  as  the  ceramic 
tiles  and  is  readily  applied  to  wainscots  and  mantel-work. 

ttiAS  of  Tiles.  Clay  tiles  are  set  in  Portland-cement  mortar  as  a  rule, 
Sooring  of  this  character  should  always  be  provided  with  a  substantial 
ete  base.  Ceramic  mosaics  are  sometimes  laid  on  a  flexible  base.  With 
XHistruction  wooden  floors  can  be  provided  with  tile  covering,  and  owing 
9  elastxity  and  lightness  of  the  material,  floors  in  elevators,  boats  and  other 
lajat  structures  can  be  saf dy  tiled. 

ixi>Ie  Tflea*  from  9  to  12  in  square,  have  been  extensively  used  for  flooring, 
ipsslly  on  account  of  thdr  decorative  effect.  None  of  the  marbles,  however, 
lULrd  and  oonaequeotly  as  durable  as  the  vitreoua  and  ceramic  tiles,  and 
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from  all  practical  standpoints  the  naarUes  do  not  make  as  good  floorcoO^ 
When  used,  they  should  be  iH  m  tbkk  and  not  over  13  in  aqnaic^  and  dial 
bedded  in  cement  on  a  concrete  base.  Marbles  should  not  be  vsed  fior  id 
m  hospitals,  as  they  3^d  rapidly  to  the  usual  antixptk:  floor«vaihes.       1 

SUte,  although  non-absorbent  and  not  affected  even  by  dilute  mincnli 
is  too  cold  and  dingy  to  commend  itself  for  floor-tiles,  but  because  it  is  oai 
iently  handled  in  large  slabs  it  is  valuable  as  a  cheap  base  and  as  a  com 
wiring  and  pipe-trenches  in  the  floors.  As  these  often  follow  a  waU,  it  nuyf 
in  the  capacity  of  a  border  and  as  such  be  extended  aroiind  the  floor-ig 
Slate  slabs  for  floors  should  be  about  iH  in  thick. 

M«rbleithic  Tiles  or  SUbs  are  made  of  small  pieces  or  chips  of  mailih 
irregular  shapes,  set  in  a  backing  of  sand  and  Portland  cement.  After  tk 
ment  has  set,  the  top  surface  is  rubbed  until  it  becomes  flat  and  smooth.  1 
bldthic  resembles  mosaic  or  Terrazzo,  except  that  it  b  laid  in  the  fona  d\ 
instead  of  being  put  down  on  the  floor  in  a  plastic  condition.  Much  objectiai 
been  made  to  Terrazzo  because  of  the  cracks  which  commonly  occur  in 't,^ 
to  the  sSght  settlements  which  are  unavoidable  in  a  new  building.  (Scc^i 
Flooring  of  Mosaic,  Terrazzo,  etc.,  page  1607.)  With  tile  floors  of  any  m/M 
the  joints  allow  for  any  slight  movement  of  the  floor-construction  vifl 
causing  visible  cracks.  By  the  process  of  manufacture,  marbkithic  is  fl 
much  harder  than  it  b  possible  to  make  mosaic  floors  that  are  laid  in  a  ph 
condition,  so  that  they  have  a  much  better  wearing  surface.  Fkion  of  I 
material  have  been  in  use  since  189$  and  show  little  if  any  wear.  MaihU 
tiles  are  made  of  various  cokyred  marbles  and  in  different  siaes  abapcti 
patterns,  so  that  a  great  variety  of  effects  may  be  pioduced.  Sanitaiy  a 
bases,  stair-treads,  and  wainsootings,  also,  arc  made  of  this  matrrial 

CAtt-OlMt  Tiles,  while  quite  resistant  to  a  bkyw  when  the  poliih  »j 
broken,  will  break  very  easily  when  the  surface  is  scratcbed.  All  gbaj 
should,  therefore,  be  very  thick  and  small  or  protected  by  metal  Iramios.  1 

NoTQt  Sanitary  Glan  *  is  a  sanitaiy  structural  glass  manuf actmed  k 
thicknesses  from  >i  in  up  to  2  in  and  in  slabs  of  all  widths  and  lengths  upto  li 
in  width  and  x  80  in  in  length.  It  is  made  in  various  colors  and  desigiisad 
the  following  finishes:  natural-fire  finish,  hone,  semipolished  and 
It  can  be  worked  and  handled  the  same  as  marble,  it  is  reauiily  drilled  and : 
to  accommodate  fixtures,  etc.,  and  is  very  handsome  in  appearance.  It 
pervious  to  discoloration  and  is  non-crazing.  These  qualities  make  it 
desirable  for  floors,  wainscoting,  tables,  shelves,  etc.,  in  all  jAtuces  where  u  J 
lutely  sanitary  condition  combined  with  a  handsome  appearance  is 


Interlockinf  Rubber  TiUng 

General  Description.  There  is  an  interlocking  rubber  tiling,t 
cause  of  its  being  noiseless,  non-slippery,  and  more  comfortable  to  the  feet  i 
inelastic  substances,  has  met  with  great  favor  for  floors  in  banking-ni 
counting-rooms,  vestibules,  elevators,  stairs,  caf^  libraries,  charcfaes,  dti 
elevators  it  is  one  of  the  most  durable  and  practical  floors  that  can  btl 
it  is  also  especially  and  peculiarly  adapted  for  floors  of  yachts  and  stcaari 
The  interlocking  feature  unites  the  tiles  into  a  smooth,  unbroken  M 
rubber,  unlimited  in  area.  The  tiles  do  not  puU  apart  or  come  npk  aaii< 
being  distinct,  almost  any  color-scheme  can  be  employed,  the  tiles  bcvcfl 
In  a  carefully  selected  vaziety  of  colors.    The  tiks  are  laid  direct:^  ovff^ 

*  Made  by  the  Penn-American  Plate  Glass  Company,  Pittabuigb,  Pa. 

t  Manufactured  by  the  New  York  Belting  and  Pai^iag  Company,  Hew  Tok 
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^mtl  floor,  like  a  carpet,  except  that  they  are  not  fastened.  Experience  has 
wn  that  they  are  very  durable.  Each  tile  is  aH  in  square  and  H  in  thick; 
;  tiles  are  required  to  the  square  foot.  Rubber  nosing  for  stairs  is  made  to 
riock  with  the  tiles. 

Cost  *  of  Different  Tilot 

pproxiiiuitc  Cott.  The  following  prices  are  approximately  the  costi  to  the 
ie,  at  the  factory.  To  these  should  be  added  the  freight  and  the  dealers' 
its.  The  cost  of  laying  the  tiles  on  a  cement  base,  in  addition  to  the  cost 
he  tiles,  should  not  exceed  25  cts  per  sq  ft. 


Flooc^Tilea 
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Kinds  of  tiles 


antnon  enqaustic  tiles,  ttngUued 

treouB  tiles,  white 

ilors,  large  sizes 

ramie  tiles,  or  ceramic  Roman  mosaic 


Factory  price 
per  sqft 


15  cts 
22M0  cts 
from  23  to  26  cts 
from  20  to  35  cts 


Wall-Tiles  and  Mantel-Tiles 


Kinds  of  tiles 


lite  glazed  wall-tiles 

lored  glased  or  enameled  tiles 

lameled  tiles,  dull  satin-finish 

irbleithic,  from  45  cts,  up^-ards,  laid 
md-made  faience,  plain  colors 


Factory  price 
per  sqft 


23  cts 
35  cts 
50  cts 


from  So.  Go  toll 


Flooring  of  Mosaic,  Temzzo,t  etc. 

looflng  of  Mosaic  Work  is  largely  used.  (See,  also.  Ceramic  Tiles,  or 
snic  Roman  Mosaic,  page  1605.  and  Marbleithic  Tiles,  page  1606.)  It  is 
posed  of  small  pieces  of  stone,  marble,  pottery  or  glass,  usually  laid  in  some 
mental  design  or  pattern.  A  bed  of  concrete  is  hrst  laid  and  the  small 
iS  of  the  material  used  set  in  a  floating  of  cement  and  made  from  h  to  i  in 
I.  When  cubes  of  varicolored  marble  are  used,  pressed  into  the  cement 
;ar,  it  is  called  Roman  Mosaic.  A  somewhat  cheaper  flooring  is  made  by 
Mfog  marble  chips  of  irregular  shape  over  the  surface  of  the  cement, 
iog  them  into  it  with  plasterers'  floats  and  rolling  them  with  iron  rollers. 
is  called  Terrazzo  Mosaic.  The  following  is  from  the  specifications  for 
new  Field  Museum,  Chicago,  111.,  D.  H.  Burnham,  architects:  "Filling 
T  terrazzo  shall  be  composed  i  part  cement,  2  parts  sand  and  4  parts  brick. 
cc  concrete  filling  commences  to  set  spread  a  H-in  wearing  surface  composed 
larble  chips  with  only  enough  neat  Portland  cement  to  firmly  unite  the 
s.  Trowel  and  roll,  and  after  the  mortar  has  set,  rub  the  terrazzo  to  a 
»th,  even  surface  and  wash  clean."  "Terrazzo  floors  in  the  East  cost  from 
i  30  cts  per  aq  ft,  contractor's  profit  included."  t 
rbcse  prices  have  advanced  and  the  manufacturers'  lists  must  be  consulted. 
«e  article  on  Terrazzo  Floors,  by  C.  R.  Marsh,  in  Journal  of  the  Society  of  Construe* 
if  Federal  Buildings,  July,  1914. 
^oted  from  The  New  Estimator,  by  William  Arthur,  19x4. 
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ASPHALTUM 

Bitumen,  Asphaltum,  Asphalt  *'  Bitumen  is  the  name  used  to  denott 
group  of  mineral  substances,  composed  of  different  hydrocarbons,  found  widi 
diffused  throughout  the  world  in  a  variety  of  forms  which  grade  from  thin  vii 
tile  liquids  to  thick  semifluids  and  solids,  sometimes  in  a  free  or  pure  state,  I 
more  frequently  intermixed  with  or  saturating  different  kinds  of  inocsanic 
organic  matter.  To  designate  the  condition  under  which  bitumen  is  icm 
different  names  are  employed;  thus  the  liquid  varieties  arc  known  as  nafbi 
and  PETROLEUM,  the  semifluid  or  viscous  as  ^\ltha  or  ioxerai.  tak,  and! 
solid  or  compact  as  asphaltuk  or  asphalt."  * 

Asphaltum  is  found  in  extensive  beds  or  lake-like  deposits  on  both  conticea 
the  most  notable  of  these  are  the  pitch  lakes  on  the  island  of  Trinidad,  aod 
Bermundez,  Venezuela.  It  is  also  found  saturating  the  limestone  and  sai 
stone  formations  in  certain  localities.  Deposits  of  veo'  nearly  pure  asphaki 
are  found  in  Utah,  Mexico,  Cuba,  and  various  parts  of  the  United  StiS 
Elaterite,  cilsonite  and  wurtzilite  are  varieties  of  very  nearly  puieaafl 
tum. 

Asphaltic  Roofing-Materials  are  manufactured  principally  from  Trial 
asphalt.  These  deposits  have  also  been  the  main  source  of  sui^y  for  tbei 
phaltum  used  in  street-paving  in  the  United  States. 

Rock-Asphalt.  The  term  rock-asphalt  is  commonly  used  to  desgnatel 
material  obtained  from  the  bituminous  limestone  deposits  at  Seyssei  and  ft 
mont,  in  the  valley  of  the  Rhdne,  France,  in  the  Val-de-Travers,  caaW 
Neuch&tel,  Switzerland,  and  at  Ragusa,  on  the  island  of  Sicily.  It  is  extcoai 
employed  for  paving  purposes  throughout  Europe,  and  is  considered  to  vaak 
much  more  durable  pavement  than  can  be  made  with  asphaltum.  fi 
asphalt  is  prepared  for  shipment  in  two  forms:  (i)  compressed  asphalt  BLod 
which  are  used  for  paving  in  much  the  same  way  as  stone  blocks,  and  (2)  XA3 
asphalt,  which  is  put  up  in  cakes  of  var>'ing  shape,  generally  bearing  the  as 
facturer's  trade-mark. 

Mastic-Asphalt.  In  the  Eastern  States  mastic-asphalt  is  used  for  floofl 
cellars,  stores,  breweries,  malt-houses,  hotel-kitchens,  stables,  laundries»fl 
servatories,  public  buildings,  carriage-factories,  sugar-refineries,  mills,  npkSki 
and  for  any  place  where  a  hard,  smooth,  dean,  dry,  fire-proof  and  water-^i 
odorless  and  durable  covering  of  a  light  color  is  required,  eiiher  in  the  bastf 
or  upper  stories.  It  can  be  laid  over  cement  concrete,  brick,  or  wood,  ii^ 
sheet  without  seams;  also  over  cement  concrete  for  roofs  for  fire-proof  btM 
For  dwelling-house  cellars,  especially  on  moist  or  filled  land,  this  materil 
especially  adapted,  being  water-tight,  non-absorbent,  free  from  mold  or  I 
impervious  to  scwer-ga'^es,  and  for  sanitarj*  purposes,  invaluable.  5tt 
asphalt  is  also  valuable  for  damp-courses  over  foundations,  and  for  c&<^ 
vaults  and  arches  under  ground. 

Asphalt  Floors  and  Pavements.  For  floors  of  cellars.  court>'arixj 
laid  on  the  ground,  a  base  of  cement  concrete  3  in  thick  should  first  be  bid"] 
over  this  a  layer  of  asphalt  from  54  in  to  i  ^  j  in  thick,  according  to  the  ■ 
which  it  is  to  be  put.  For  ordinary  cellar-floors,  the  asphalt  need  not  \xi 
than  H  in  thick;  for  yards  on  wWch  heavy  teams  are  to  drive,  it  shoM 
iH  in  thick.  In  specifying  asphalt  pavement,  both  the  thickness  of  the  ooafl 
and  of  the  asphalt  should  be  given;  it  should  also  be  remembered  that  asm 
pavement  does  not  include  the  concrete  foundation  unless  so 

*  Byrne,  Inspectors'  Pocket  Bonk. 
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fing  asphalt  over  planks  or  boards,  a  layer  of  stout*  dry,  but  not  tarred,  sheath- 
K-paper  should  first  be  put  down  and  the  asphalt  laid  on  this.  Asphalt  floors 
r  stables  should  be  at  least  z  in  thick.  Architects  and  owners  desiring  to  em- 
ty  BOCK-ASPHALT  for  any  of  the  above  purposes  should  be  careful  to  secure  the 
auine  Vai^de-Travers,  Seysscl,  or  Sicilian  rock-asphalt,  as  there  are 
itatioos  which  are  of  but  little  value. 

The  Bitominoos  Sandstones  of  California  have  been  extensively  used  for 
ving  streets  in  Western  cities.  They  are  prepared  for  use  as  paving-materials 
crushing  to  powder.  With  this  powder  a  considerable  proportion  of  sand 
gravel  is  generally  mixed  and  the  mixture  heated  until  it  becomes  plastic;  it 
then  spread  over  the  roadways  and  compressed  by  rolling. 

MINEBAL   WOOL 

Sources  of  Miaersl  Wool.  There  are  at  least  two  kinds  of  mineral  wool 
ide  in  this  country.  The  more  common  quality  is  made  by  mixing  certain 
kIs  of  stone  with  the  molten  slao  from  blast-furnaces  and  converting  the 
pie  mass  into  a  fibrous  state.  The  best  slag  for  the  purpose  is  that  which  is 
e  from  iron.  The  appearance  of  the  finished  product  is  much  like  that  of 
ol,  being  soft  and  fibrous,  but  in  no  other  respect  are  the  materials  alike. 
neral  wool  made  from  slag  appears  in  a  variety  of  colors,  principally  whiter 
t  often  yellow  or  gray,  and  occasionally  quite  dark.  The  color,  however,  is 
d  to  be  no  indication  of  the  quality,  as  all  of  the  peculiar  properties  of  the 
terial  are  present  in  equal  proportions  in  any  of  the  shades.  The  other  kind 
mineral  wool  is  known  as  rock- wool,  and  is  made  from  granite  rock  raised  to 
oo**  F.  It  is  claimed  that  as  it  is  absolutely  free  from  sulphur,  it  is  the  only 
»rless  wool  manufactured.  It  has  been  approved  by  the  United  States  War 
partment.  It  has  the  same  general  appearance  as  that  made  from  slag,  and 
rhite  in  color. 

f  ature  of  Mineral  Wool.  Both  of  these  materials  consist  of  a  mass  of  very 
s,  pliant,  but  inelastic,  vitreous  fibers  interlacing  in  every  direction  and 
ning  an  innumerable  number  of  minute  air-cells.  Its  great  value  in  the  insu- 
on  and  protection  of  buildings  lies  in  the  number  of  air-cells  which  it  contains, 
consequent  non-conduction  of  heat,  and  its  fire-resisting  qualities.  In  wool 
de  from  common  slag,  92%  of  the  volume  consists  of  air  held  in  minute  cells, 
Ic  in  the  best  grade  the  proportion  of  air  reaches  as  high  as  96%.  This  con- 
d  air  makes  it  one  of  the  best,  if  not  the  best,  of  the  non-conductors  of  heat. 
de  from  these  qualities  it  is  very  durable  and  contains  nothing  that  can  decay 
>econie  musty.  Being  itself  incombustible  it  greatly  retards  the  burning  of 
iden  floors  or  partitions  if  their  inner  spaces  are  filled  with  it. 

r^es  of  Mineral  Wool.  The  greatest  value  of  this  material  is  as  an  insula- 
of  heat,  but  it  is  also  a  valuable  non-conductor  of  sound.  It  is  the  general 
uon,  however,  that  it  can  be  considered  only  as  a  muffler  of  the  sound- 
es,  for  there  seems  to  be  no  practical  way  in  which  it  can  be  used  so  as  to 
urate  entirely  the  floor  and  ceiling.  It  would  be  crushed  by  laying  floor- 
ts  upon  it.  As  a  muffler  or  filling  between  the  beams,  however,  there  is 
>ably  nothing  that  is  superior.  In  the  end,  then,  it  would  seem  that  the 
C  complete  insulation  from  sound,  without  separate  beams,  would  be  obtaincc- 
n-OATiNG  the  flooring  on  some  material  like  Cabot's  Quilt  or  on  a  very  thick 
-vnth  the  spaces  between  the  floor-cleats  filled  with  mineral  wool. 

[Anner  of  Applying  Mineral  Wool.  Mineral  wool,  when  used  alone  as 
-—deadening,  may  be  laid  on  boards  cut  in  between  the  joists,  or  on  top  of 
idling-lath  when  that  material  is  used.    The  wool  should  be  at  least  2  in 
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thick.  Again,  mineral  wool  Is  partioilariydesinbie  for  fiifing  the  sptoesbeM 
the  studt  of  outside  waUs  and  partitions  and  betwoen  the  laftcrs  of  loofk  ; 
may  be  used  to  great  advantage,  also,  in  partitions  around  bath-iooms  or  «4 
closets  and  around  water-pipes  when  placed  in  partitions.  In  outnde  d 
and  attic  loof s,  as  a  protection  from  the  heat  of  summer  or  the  cold  of  «■ 
it  is  of  the  greatest  value.  By  lathing  the  under  side  of  the  laftefs  with  sM 
ing-latfa,  and  spreading  on  top  a  layer  of  2  or  3  in  of  mineral  or  rock-woo^4 
comfort  of  the  room  is  greatly  increased.  Flat  roofs  over  inhabited  roooiia 
be  covered  with  rough  boards  and  i^-in  cleats  naikd  on  top*  the  spaces  fl 
with  wool,  and  the  roof-sheathing  then  nailed  to  the  cleats.  This  not  m 
greatly  increases  the  comfort  of  the  rooms,  but  greatly  retards  the  pragns 
fire  from  the  outside.  When  insulating  against  heat,  nails  driven  thromki 
insulating  material  do  no  harm.  When  using  mtneral  wool  in  floois  it  sfaoiii 
packed  in  very  closely,  but  not  jammed  so  as  to  break  the  fibers,  wincki 
naturally  very  brittle.  In  partitions  It  is  packed  between  the  studs  and  M 
•o  as  to  completely  fill  the  spaces,  the  wool  being  put  in  alter  the  lathinil 
reached  a  height  of  a  or  3  ft.  More  kths  are  then  put  on,  the  spaces  filkds 
•o  on  to  the  top.  The  wool  should  not  be  dro[H)ed  from  any  conaiderBble  bo^ 
as  the  breaking  up  of  the  fibers  destroys  the  insulating  qualities  of  the  bsUI 
In  fact  the  tendency  of  mineral  wool  to  settle  and  consolidate,  if  impRipc# 
too  kKwely  packed,  is  the  only  drawback,  except  cost,  to  its  use  for  innfai 
The.wool  behind  the  lathing  will  not  prevent  the  piaster  from  keying. 

Cost  of  HIaaral  Wool.  Mineral  wool  is  sold  by  the  pound,  and  in  cstilH 
ing  the  quantity  of  wool  required,  i  lb  per  sq  ft  of  filling,  i  in  thick,  sbocSd 
allowed  for  ordinary  wool  and  H  lb  for  sdected  wool. 
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ESTIMATING  THE  COST  OF  BUILDINGS  * 

Cost  of  Buildings  per  Cubic  Foot  The  method  of  cttbic-foot  vaiites 
lias  been  used  more  than  any  other  in  estimating  the  cost  of  any  proposed 
building,  before  the  plans  and  sped5cations  are  sufficiently  complete  for  taking 
[>ff  the  actual  quantities.  "Comparison  of  unit  costs  is  the  only  scientific 
criterion  by  which  to  judge  the  economic  merit  of  a  structure,  a  machine  or  a 
[Dethod  of  doing  work."  f  Two  buildings  in  the  same  city,  or  district  built 
iu  the  same  style  and  for  the  same  purpose,  of  the  same  materials,  and  on  the 
lame  scale  of  wages  and  prices  of  materials,  should  cost  the  same,  or  very  nearly 
iie  same,  per  cubic  foot,  although  on^  building  may  be  somewhat  larger  than  the 
>tber  and  of  different  shape.  It  therefore  follows  that  if  we  know  the  cost  per 
;UBic  foot  of  different  classes  of  buildings,  in  different  localities,  we  can  approx- 
mate  quite  closely  the  cc^t  of  any  proposed  building  by  multiplying  its  cubic 
ontents  in  feet  by  the  known  cost  per  cubic  foot  of  a  similar  building  already 
^uilt  in  that  locality. 

Size  of  Bttilding  Proportioned  to  Cost  per  Cubic  Foot.  If  the  cost  at 
i  propoeed  building  must  be  kept  absolutely  within  a  certain  sum,  the  size  of 
he  buUding  should  be  proportioiied  so  that  the  cubic  contents  shall  not  ez- 
eed  the  quotient  obtained  by  dividing  the  amoimt  appropriated  by  the  ave&ags 
DST  PER  CUBIC  POOT  of  similar  buikiings.  Even  then  it  may  be  found,  when 
he  bids  are  opened,  that  they  exceed  the  appropriation;  but  the  excess  is  often 
,  relatively  sinall  percentage  of  the  total  cost  and  the  necessary  reductions  can 
le  made  without  altering  the  main  features  of  the  building. 

Methods  of  ComputAtioa.  In  estimating  the  cost  by  the  vbtbod  of  cubic 
ONTENTS,  it  is  of  course  necessary  that  the  contents  be  computed  on  the  same 
Asis,  in  both  the  proposed  building  and  the  one  already  builL  The  cubic 
ontents  are  generally  computed  from  the  basement  or  cellar-floor,  to  the  aver- 
se height  of  a  flat  roof,  or,  if  there  is  a  pitched  roof,  the  finished  portion  of  the 
ttic  is  included,  or  that  part  which  might  be  finished,  mere  air-spaces  and  open 
orches  not  bdng  included.  Vaults  and  areas  under  sidewalks^  etc.,  are  gen- 
rally  included  as  part  of  the  basement.  All  measurements  are  to  the  outside 
f  the  waUs  and  foundations.  ^  The  estimated  cost  m^y  or  may  not  include  the 
ses  of  the  architect  and  other*  experts. 

Other  Methods  of  Estimatiiig  the  Cost  of  Bufldlngs.  The  cost  of  bulld- 
ogs, such  as  hosiNtals,  theaters,  schools,  churches,  barracks,  large  stables,  etc., 
.  sometimes  estimated  by  the  cost  per  bed,  sitting,  inmate,  etc.  Estimates 
re  also  based  upon  the  cost  per  square  foot  of  ground  occupied  or  of  all 
le  floor-space,  in  certain  types  of  buikiings. 

*  The  editor  is  indebted  to  E.  S.  Hand  and  others  for  valuable  data  rdating  to  this 
ibject.  Readers  are  referred  to  the  Handbook  of  Cost  Data  for  ContracCon  and 
ngiaeets,  by  H.  P.  Gillette,  The  New  Buik&ig  Estimator,  by  William  Arthur,  and  T)ie 
nildtog  Estimator's  Reference  Book,  by  F.  R.  Walker.  Values  given  are  pre-war 
Uue»  and  may  be  used  for  relative  costs. 

t  H.  P.  Gillette,  in  the  preface  to  his  Handbook  of  Cost  Data  for  Contracton  and 
Bifineen. 
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Data  *  on  Cubic-Foot  Values  as  a  Basis  for  RraKminsfy  Bstimstw 

of  Buildiac  Costs 

Notes  on  Modifying  Conditions.  Buildings  of  a  given  type,  such  as  o&a 
buildings  and  school-buildings,  when  similar  in  construction  and  finish  and  bo! 
under  similar  market-conditions  as  to  cost  of  labor  and  materials,  are  found  t 
be  nearly  identical  in  cubic-foot  costs.  The  buildings  of  any  such  type  do  « 
differ  widely  in  bulk,  and  this  is  always  very  considerable  when  compared  wA 
such  structures  as  dwellings  and  small  business  buildings.  This  seems  oi^ 
another  way  of  saying  that  similar  causes  produce  similar  effects,  but  it  goe : 
step  farther  by  indicating  that  the  results  here  are  virtually  identical;  so  na^ 
so,  that  the  average  cubic-foot  cost  of  a  certain  kind  of  building  can  be  ida 
on  to  produce  an  estimate  within  from  3  to  $%  of  the  actual  cost  of  new  wodo 
the  same  kind  and  under  the  same  conditions.  Other  types  of  large  stractise 
such  as  public  buildings,  hotels,  churches  and  theaters,  are  less  subject  to  stand 
ardization  because  more  variable  in  equipment  and  finish.  This  b  true  akoi 
dwellings,  shops  and  other  small  structures  whose  lesser  bulk,  moreover,  reode 
even  less  possible  a  close  prediction  as  to  their  cost.  These  uncertainties  do  ari 
however,  warrant  the  rejection  of  the  cttbic-foot-cost  method  for  prdiaunc 
estimating.  They  do  indicate  that  it  is  less  closely  approximate  for  some  ttfc 
than  for  others.  But  the  degree  of  uncertainty  on  even  the  most  vanM 
t>i>es  may  be  minimized  and  should  be  reduced  to  perhaps  10%  under  a  cudi 
S3rstem  of  cost-computation.  Such  sjrstem  should  cover  a  considerable  nuakt 
of  examples,  taking  account  of  all  factors  of  material  influence  upon  cost  in  eid 
tjrpe,  and  must  follow  a  consistently  uniform  method  of  determining  ciibk-loi 
values. 

The  Factors  Which  Influenco  Cost  include  the  following. 
(i)  Prevailing  market  prices  of  labor  and  materials. 

(2)  Type  of  construction  employed,  depth  and  Idnd  of  foundations  and  eat 

ence  of  special  features  such  as  towers  or  d<Hnes. 

(3)  Finish:  external  facing  and  ornamentation;  internal  surfacmg  and  des 

ration. 

(4)  Equipment:  (a)  number  and  complexity  of  heating,  fighting,  vcntifaai 

sanitary,  elevator  and  other  systems;  (6)  extent  to  whid&  appann 
or  equipment,  such  as  laboratory-devices,  operarcfaairs,  bank<aucsa 
etc.,  is  provided  for  direct  use  of  occupants  of  building. 

(5)  Fees  of  architect  and  other  experts. 

(6)  Locality.    Costs  of  structures  of  a  given  tjrpe  will  vary  with  the  local 

because  of  differing  standards  of  practice  and  building  laws,  availabi 
of  building  materials,  labor,  etc 

(7)  Other  items,  developing  in  the  experience  of  the  architect. 

The  Method  of  Determining  Cubage  may  either  simply  rccogniar  i 
GEOMETKICAL  VOLUME  of  the  building  or,  better,  may  employ  a  ooEmcsi 
OF  VALUE  for  any  part  whose  cost  varies  materially  from  the  avenge.  1 
latter  method  may  be  preferred  as  allowing  a  closer  calculation  of  variaa^ 
from  known  examples.  For  instance,  an  unfinished  cdlar  or  other  stofy  fli 
small  light-court  would  cost  less  per  cubic  foot  than  the  remainder  of  the  bJ 

*  The  data  on  this  page  and  page  1613  on  cubic-foot  values  are  quoted,  bgr  v^ 
sion,  from  notes  relating  to  this  subject,  compiled  by  Professor  Warren  P.  Loin  h 
the  study  of  a  large  number  of  public  and  private  buildings  erected  in  widely  stptM 
districts  of  the  United  States.  For  these  buildings  Professor  Laird  acted  as  thf  iM 
sional  adviser  for  the  selection  of  the  architect,  and  in  all  cases  the  estimate  cf  l^l 
of  the  buildings  was  based  strictly  upon  a  total  number  Of  cubic  feet  and  a 
cost  per  cubic  foot. 
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USt  while  a  tower  or  dome  of  finished  basement  containing,  also,  an  expensive 
lechanical  plant,  would  cost  more.  Foundations  sometimes  cost  so  much 
lat  they  require  figuring  to  their  full  depths  as  though  the  finished  building 
ere  carried  down  to  that  level. 

Cubic-Foot  Costs.  Subject  to  the  foregoing  considerations,  the  following 
ita  on  fire-prool  buildings  were  average  pre-war  values.  These  unit  prices  no 
Dger  prevail  as  labor  and  materials  have  in  some  cases  almost  doubled  in  cost 
Dce  the  war.  The  values  must  be  increased  from  50  to  xoo%,  depending  upon 
e  kind  of  building. 

Construction:  steel  and  terra-cotta,  stone  and  brick  facings,  complete  equip- 
ent  and  superior  grade  of  interior  finish: 

lyp.  of  building  ^^^ 

Office-buildings 32  to  35 

Public  buildings 40  to  45 

School-buildings 20  to  35 

Construction:  reinforced  concrete;  facing,  common  brick;  equipment,  type 
ual  in  such  structures;  inside  finish,  the  simplest. 

Type  of  building  ^f ?*'  ^J  . 

cubic  loot  * 

Factories  t 14  to  16 

Lofts  t IS  to  18 


ible  for  Estinuting  Rooghly  the   Approximats  Cost  of  Some  Small 

Buildings 

Based  on  prices  for  labor  and  materials  in  1920.  The  cost  of  first-cbss  fire- 
>of  buildings  is  greater  in  the  Western  and  Southern  States  than  in  the  Eastern 
ites,  because  of  the  distance  from  the  great  steel  and  material-centers. 

Farm  and  Country  Property 

Cost  per 

cubic  foot, 

cents 

rellings,  frame;  small  !k)x  house,  no  cornice 10 

rellings,  frame;  shingle  roof,  small  cornice,  no  sash  weights,  plain.  12  to  14 

Fellings,  brick;  same  class 16  to  18 

rellings,  frame;    shingle  roof,  good  cornice,  sash  weights,  blinds 

good  house) 16  to  i3 

rellings,  brick;  same  class  (good  house) 20  to  22 

ms,  frame;  shingle  roof,  not  painted,  plain  finish 4  to    6 

rns,  frame;  shingle  roof,  painted,  g^Axl  foundation 6  to    8 

res,  frame;  shingle  roof,  painted,  plain  finish 12  to  16 

res,  brick;  shingle  roof,  painted,  good  cornice,  well  finished 16  to  20 

linary  frame  churchL-s  and  sch<K>l houses;  country 12  to  1 6 

Xbese  pre-war  values  must  be  increased  from  50%  to  zoo%,  depending  upon  the  kind 

luiiding. 

11  such  subcontracts  as  plumbing,  beating,  lighting-fixtures,  elevators,  etc.,  are  not 

tided,  of  course  these  figures  were  reduced.    See  Cost  of  Reinforced-Concrete  Build- 

w  I>agei6i8. 
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Brick  churches  and  schoolhouses;  country ill 

If  the  roofs  are  slate  or  metal,  add  ^  ct  per  cu  ft. 

City  uMl  Viltag*  PropMty 

Dwellings,  frame;  shingle  roof,  pine  floors  and  finish,  no  bathroom 

or  furnace,  plain  finish  (good  house) 14 

Dwellings,  brick;  same  class i& 

Dwellings,  frame;   shingle  roof,  hard- wood  floor  in  hall  and  porkr, 

bath,  furnace,  and  fair  plumbing iS 

Dwellings,  brick;  same  class 18 

Dwellings,  frame;  shmgle  roof,  hard-wood  in  first  story,  good  plumb-        1 
ing,  furnace,  artistic  design,  some  interior  ornamentation,  well        | 

painted »*( 

Dwellings,  brick;  with  good  plumbing,  bath,  hot  and  cold  water,  pioe 
finish,  well  painted,  no  bard-wood  finish M* 

Sxamples  of  Actual  Coitt  of  Pre-war  Buildings  p«r  Cubic  F«^ 

In  order  to  illustrate  the  subject  further,  examples  of  buikliop  cRd 
before  the  war  are  given.  The  lists  were  furnished  through  the  coavt^ii 
architects  of  the  buildings.  Such  lists  could  be  indefinitely  extended  bctiM 
submitted  are  deemed  sufficient  to  give  some  idea  of  the  similarities  mi  ^ 
tions  of  costs  based  upon  cubage.  With  the  exception  ol  reinforced-caidl 
buildings,  it  is  probably  true  that  for  tweuty  or  twenty-five  years  u89otoJ!l 
the  cost  of  buildings  increased,  with  some  variations  in  the  rate  of  'vaaaat^ 
the  rate  of  about  1%  per  year.  Costs  have  increased  sinoe  the  war  frca  ji 
x«o%,  deixnding  upon  the  kind  of  building. 
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Bnmpiet  of  the  Actiud  Cost  of  Pre-war  BuUdliifs  per  Cubic  Foot 
Theae  buildings  were  designed  by  Boring  &  TOtoa 


Approx- 

Cost pet 

•    • 

une  and  location  of  building 

Date 

Hei^t  and  type 

imate 
cost 

cubic 
foot. 

cents 

emorial  Hall.  Tome  Insti- 

1900 

Three  stories  and  base- 

II50000 

16 

tute.  Port  Deposit.  Md. 

ment,  fire-proof 

'est  Side  Branch  Library, 

1908 

One  story  and  basement , 

85000 

17 

Cleveland,  Ohio 

non-fite-proof 

Uunford  Grammar  School. 

Z908 

Two  stories  and  base 

50  000 

IS 

Stamford.  Conn. 

ment.  non-flre-proof 

L  Agatha's  School.  87th  St. 

1907 

Six  stories  and  basement. 

375000 

39 

and  West  End  Ave..  New 

fire-proof 

York  City 

merican   Seamen's   Friend 

1909 

Five  stories  and  base- 
ment, fire-proof 

300  000 

33 

New  York  City 

astern      District     Branch 

1906- 

Six    stories   and    base- 

355000 

37 

Y.  M.  C.  A.,  Brooklyn.N.  Y. 

1909 

ment,  fire-proof 

•rrytown  Hospital.  Tarry- 

xgio 

Two  stories  and  base- 

65000 

36 

town.  N.  Y« 

Uir  Hospital,  Huntingdon^ 

1909 

Three  stories  and  base- 

90000 

so 

Pa. 

ment,  fire-proof 

lizabeth  Library.  Elizabeth. 

19x2 

Three  stories  and  base- 

100 000 

35 

N.J. 

ment,  fire-proof 

;>ringfield  Library,  Spring- 

1906 

Two  stories,  mezzanine 

350  000 

35 

field,  Mass. 

and  basement,  fire-proof 

ioux   City   Library,   Sioux 

19X3 

Two  stories  and  base- 

75000 

aiH 

City.  Iowa 

ment,  non-fire-proof 

ri  Park  Avenue.  New  York 

Z9xa 

Twelve  stories  and  base- 

350000 

4S 

City 

ment,  fire-proof 

nited     States    Immigrant 

1896 

Two  stories  and  base- 

635000 

nH 

Station,  Ellis  Island.  New 

ment,  fire-proof 

York  Harbor.    Main  build- 

• 

» 

mg 

[ospital  building 

1898 

Three  stories  and  base- 
ment, fire-proof 

150  000 

38 

Tount   St.    Mary's   College, 

1912 

Three  stories  and  base- 

350000 

33 

Plainfield,  N.  J. 

ment,  fire-proof 

I  . 
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These  buildings  were  designed  by  TsJmtr,  Hombostle  &  Jones 


Name  and  location  of 
building 

Date 

Notes 

Cubic 

contents, 

cubic 

feet 

Approx- 
imate 
cort* 

cobk 
foot, 
am 

Oakland  City  Hall.  Oak- 
land, Cal. 

Allegheny  County  Sol- 
diers' Memorial,  Pitts- 
burgh. Pa. 

New  York  State  Educa- 
tion Building.  Albany, 
N.  Y. 

1914 
191 1 
1913 

Based  on  all  con- 
tracts except  for 
lighting-fixtures 

2999442 

2855892 

II  281 691 

Si  400000 

913  721 

3744521 

32 

Original  contract 
completed.  X3ec. 
1912 

s^ 

These  buildings  were  designed  by  Robert  D.  Kohn 


Name  and  location  of 

Date 

\ 

Height,  character  of  construction       cdk 
and  finish                          foot. 

building 

Hermitage    Hotel,    New 

1907 

Size  of  lot,  50  by  100  ft;  height.  150 

Si 

York  City. 

ft;    15   bedrooms   and   11    baths 

• 

on  each  floor;  basement  and  sub- 
basement;    power,   electric   light 
and  refrigerating-plants;  complete 
kitehen-equipment;      brick    and 
limestone  exterior;  cement  floors. 

Trades   School  Building, 

1910 

Main  wing,  50  by  100  ft.  two  and  one- 

2B 

half  stories;   shop-wing.  75  by  los 

ft,  one  story,  brick;   shops,  nuU- 

oonstructed    roof,    cement    floor; 

• 

brick  exterior  throughout;  heating- 
plant  in  extension;  common  wood- 
en-floor constniction,  tin  Toctt  class- 
rooms plastered;  cheaply  built. 

Ethical  Culture  Meeting 

1910 

Height,  100  ft;  basement,  assembly- 

i 

House. 

room;  main  floor,  auditorium  Cor 
I  200  people;  two  stories  above  audi- 

torium, Sunday  school  and  office; 

limestone  exterior;  fire-proctf  con- 

struction; oak  flnish. 

Cost  *  of  Some  Notable  Buildings  in  New  York  City.  Some  oiihtt 
prominent  buildings  in  the  Borough  of  Manhattan,  City  of  New  York,  tf 
eluded  in  the  following  table.  For  all  these  structures  the  costs  per  cubki 
are  given.  By  reason  of  its  height  the  Woolworth  Building  may  be  coaai 
the  most  notable  of  the  list.  It  is  not  only  the  highest  building  in  Xc«t 
City  or  the  United  States,  but  in  the  world.  The  cubic  contents  total  1* 
12  000000  cu  ft.  Its  foundations  are  carried  to  rock,  which  is  about  i»l 
below  the  street-surface.  The  approximate  weight  of  its  steel  frame  b  :$ 
tons. 

*  See  notes  on  cost  on  page  1614. 


Unit  Costs  of  New  Voik  Buildings 
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The  Grand  Central  Station,  as  a  complete  tenninal,  n  a  very  cxmifAa  s&i 
ture,  but  there  is  a  distinct  part  which  contains  the  passenger-coDcourse  aodd 
waiting-rooms,  restaurant  and  other  parts  that  are  considered  necessary  to  d 
for  the  traffic.  The  cubic  contents  of  this  part  total  about  14  000  000  a  t 
Other  parts  of  the  bialding  are  not  considered  in  the  present  rdferencc.  Sob 
interesting  facts  as  to  the  main  station,  only,  are: 

Cost,*  about $8000 000 

Ground-area  above  street-level,  square  feet 266  a» 

Additional  station-facilities  under  street,  square  feet 80000 

Floor-area  devoted  to  station-purposes,  square  feet 1 188  000 

Cubic  contents,  about,  cubic  feet 32  857  800 

Steel  used  in  construction,  tons 35  767 

Weight  of  largest  girder  used,  tons 30 

Costs  *  of  Pre-war  Reinf  orced-Concrete  Buildings.  1 1  In  judging  the  oS 

of  a  building  by  cubical  cx)Ntent  or  by  akeas  of  floors  the  shape  of  the  bdli 
ing  in  plan  should  be  taken  into  consideration.  A  long,  narrow  huildirf  id 
cost  more  per  cubic  or  square  foot  than  on^  mo^e  nearly  square  in  plan:  ardi 
computing  costs  by  the  cubic-foot  or  square-foot  unit  ];Mices  these  conditko 
as  well  as  the  judgment  and  experience  of  the  architect  or  engineer  who  icata 
the  estimates  affect  the  accuracy  of  the  results.  The  following  notes  qcM 
from  data  furnished  by  the  architects  and  engineers  of  the  buildings  roentiaai 
include  useful  information  relating  to  costs  of  some  reinforced-concrete  bu36if 
of  different  types,  erected  in  Philadelphia  and  vicinity  (1906-191 5). 

(1)  *  A  reinforced-concrete  building  of  the  factory-type,  erected  (ipir^ 
in  the  City  of  Philadelphia.  It  is  a  concrete  cage,  with  no  brick  veneer,  M 
stories  in  height,  no  basement,  size,  60  by  159  ft,  stair-shafts  and  e]e%?tti 
shafts  projecting  beyond  the  building;  cubical  contents,  603  000  cu  ft.  Hi 
cost,  without  equipment,  was  7H  cts  per  cu  ft.  Drainage  is  induded  in  ti 
price,  but  no  plumbing,  heating,  lighting  or  elevators.  The  total  floor-area^ 
the  building  is  40  140  sq  ft  and  the  cost  per  square  foot  is  tt.i^yi.  Thisisbol 
according  to  the  building  laws  of  Philadelphia. 

(2)  "A  MILL-CONSTRUCTED  BUILDING,  about  the  Same  size  as  buikfitg  {i| 
recently  erected  in  a  manufacturing  town  forty  miles  from  Philadelphia.  Iti 
four  stpries  in  height  and  has  a  part-basement,  a  wing  30  by  40  ft,  and  a  ott 
story  boiler-room  and  engine-room.  The  total  cubical  contents  are  5241^ 
cu  ft,  and  the  cost,  6Vi  cts  per  cu  ft.  The  total  floor-area  is  37  900  sq  ft  asdih 
cost,  $0.85  ^i  per  sq  ft.  This  is  without  power,  heat,  or  light.  There  are  aifl 
plumbing-fixtures  in  this  building. 

"In  comparing  the  costs  of  the  two  buildings,  it  must  be  borne  in  loicd  tbi 
one  is  located  forty  miles  from  Philadelphia,  and  was  not  erected  under  th 
rigid  building  laws  that  are  in  force  there.  It  is  usually  possible  to  erect  1 
building  of  any  type  at  less  expense  outside  of  Philadelphia  than  in  that  dg 
and  this  can  probably  be  said  of  any  city  where  there  arc  no  state  buik&iircote 

(3)  "A  MILL-CONSTRUCTED  BUILDING,  three  storics  in  height,  erected  in  ifJ 
in  Camden,  N.  J.,  and  having  575  044  cu  ft.  It  cost  7  cents  per  cu  ft.  It  hi 
38912  sq  ft  of  floor-area,  at  a  cost  of  %ix>4  per  sq  ft.  This  price  is  nitW 
power,  beat,  light,  or  elevators,  but  includes  some  plumbing. 

(4)  "The  new  municipal  rkpair-shop  of  the  City  of  Philadelphia.  Thisisi 
leinfbrced-concrete  biilding  with  brick  veneer  of  an  ornamental  type,  and  oA 
9H  cts  per  cu  ft  for  i  080  591  cu  ft  or  I1.74  per  sq  ft  for  57  323  sq  ft  of  teal 

*  See  notes  on  costs  on  page  16x4.    Prices  given  must  be  at  least  doubled  (1920). 
t  Valuable  data  on  this  subject  have  been  furnished  the  Editor  by  BaUingcr  &  f^siA 
the  architects  and  engineers  of  the  five  reiof  orced-conciete  buildings  deacriboL 
X  S«c,  aJso>  page  16x3. 
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r-su-ea.  This  is  without  plumbing,  power,  heat,  light,  or  elevators.  The 
lively  high  cost  per  square  foot  for  this  buikUng  is  due  to  the  fact  that  the 
He  run-way  takes  up  a  considerable  portion  of  the  building,  so  that  a  floor 
mitted  where  the  crane  is  placed,  and  the  floor-area  accordingly  reduced. 
$)  "The  new  building  for  the  Automobile  Club  of  Philadelphia.  This  is 
bkree-story  buiiding,  of  rdnforced-concrete  cage-construction,  and  contains 
I  z  966  cu  ft,  at  a  cost  of  loH  cts  per  cu  ft.  The  total  floor-area  is  90  602 
:t»  costing  $1.54  per  sq  ft.  This  is  without  pow&,  heat,  light,  or  any  equip- 
it,  but  includes  plumbing.  The  shape  of  this  building  favors  economy  Jot 
structlon,  as  it  is  nearly  square  in  plan." 

ft  ewuRiog  up  the  conclusions  arrived  at  in  regard  to  the  average  costs  of 
if  otced  buildings,  £.  G.  Perrot  states  *  that  the  cost  can  best  be  considered 
classifying  them  under  three  general  heads: 

1)  Warehouses  and  manufactories.    Cost,  from  8  to  ix  cts  per  cu  ft. 

2)  Stores  and  loft-buildings.    Cost,  from  11  to  17  cts  per  cu  ft. 

})  Miscellaneous  buildings,  such  as  school-houses,  hospitals,  etc.  Cost  from 
bo  20  cts  per  cu  ft. 

^8t   of  Mills  and  Factories  Buslt  on  the  Slow-Buniing  Prindlde. 

data  relating  to  total  and  unit  costs  of  buikUngs  of  this  type,  see  Chapter 
JI,  pages  802  to  810. 

rcentages  of  Coat  of  Items  of  Coaatroetioii  in  Fire-Proof  BiiUAinga 

The  tables  t  on  the  following  six  i>ages  show,  on  pages  1620  to  1625,  the 
isiON  OF  THE  COSTS  of  fire-proof  buildings  among  the  different  materials  and 
ts  of  the  construction,  the  data  having  been  furnished  the  compiler  by 
lutects  and  builders  in  the  cities  mentioned  in  the  tables.  Each  column  of 
ues  in  the  tables  gives  the  data  for  an  individual  building,  except  the  values 
New  York  City,  in  the  second,  third  and  fifth  columns,  which  show  the 
rages  for  a  large  number  of  buildings.  The  tables  on  the  first  four  pages 
lude  only  buildings  approximating  closely  the  standard  specifications  of  the 
tional  Board  oi  Fire  Underwriters.  The  tables  show  that  the  foundations 
1  steel  frames,  the  only  parts  little  damaged  in  conflagrations,  represent, 
MToxiaiately,  only  25%  of  the  entire  sound  value  of  a  building.  For  example, 
the  tables  on  the  first  four  i)ages,  the  average  cost  of  all  the  foundations  is 
j,  while  the  average  cost  of  the  steel  frames  is  17.88%.  The  tables  show, 
o,  on  pages  1624  and  1625  the  percentages  of  cost  of  the  classified  items  of 
istruction  of  eight  buildingd  damaged  by  the  Baltimore  conflagration  (1904), 
;  averages  of  these  dght  buildings  being  given  in  the  last  column. 

*  See  "  Comparative  Costs  of  Reinforced  Concrete  Buildings."  by  E.  G.  Perrot,  in 
aceedings  of  the  National  Association  of  Cement  Users,  Vol.  V,  1909.  See,  also,  notes 
co&ts  on  page  16x4- 

t  The  tables  on  the  first  four  pages  were  compiled  by  F.  J.  T.  Stewart,  Continental 
luiance  Company,  and  those  on  the  last  two  pages  by  the  Baltimore  Committee  of 
e  National  Board  of  Fire  Underwriters.  All  are  reproduced,  by  permission,  from  J.  K. 
eitag's  Fire  Prevention  and  Fire  Protection.  Those  parts  of  the  Baltimore  tables 
iiich  gave  the  proportion  of  fire-damage  to  sound  value  of  the  various  items  have  been 
oitted  as  this  urtkle  of  the  PocLet-Book  deals  more  especially  with  original  costs. 
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Costs  *  of  DifFereat  Kinds  of  Woik  per  Cubic  Foot  of  Buil^ag 

Lottie  estimates  t  have  been  made  by  T.  W,  Fitzpatrick  Aamiag  tbc  lanpi 
tionate  cost  of  the  different  branches  of  work  which  go  to  make  t^i 
completed  building.  Believing  that  these  data  will  be  found  useful  hi  ma^ 
up  approximate  estimates,  Mr.  Kidder  obtained  pcnnissioii  to  nee  them  id  li 
Pocket-Book.  The  following  figures  represent  the  actual  cost  of  a  iek-sm 
office-building,  6o  by  130  ft  in  plan,  built  in  the  Middle  West,  a  first-^ 
fire-proof  structure,  with  two  street-fronts  faced  with  granite  and  testinc  «: 
pile  foundation. 


Kind  of  work 

Per  cubic 
foot  of 
entire 

building, 
cents 

1 
Per  cube 
font  of 

entsv 

b«ikb« 

cents 

iH 

2H 

itH 

H 

H 

H 

iM 

2 

M« 
iH 
Ms 
Tio 

Heating 

1^ 

■    Steel  framing 

-•""■••■■•• 

Plumbing 

h 

1  Granite  and  all  masonry. . 
1    Cornice,  roofo   and   sky- 
;       lights 

Elevators 

X 

framing,  **  making  ends 
meet,"      lamp-fixtures, 
etc.       What  might  be 
called  a  fair  amount  Cor 
"  contingencies  "         in 
such  a  building,  includ- 
ing lesser  items  net  men- 
tioned here  but  grouped 
together 

.Partitions,  tile 

AB plastering  and  stucco. . 
Bferator-fronts  and  all  or- 
i       rnfkviental  metalwork. . . . 
Mii*>tlf  work 

'     Hardware 

'    ,  J4>ti)fi^  work 

4>^> 

'  (r\ass      

Axchitect's  fee 

t^ 

'  Paiottns^nd  vamishinc. . . 
BiectriciMirinff 

- 

Total 

34*:J 

TheCCbio99  post-^iffice  building,  containing  12  ooo  000  cu  ft  and  of  i&aa 
menial  character  and  finish^  cost,*  in  some  of  its  items,  as  ioHows: 


Kiitd  ef-wQoek 

Per  cubic 
foot  of 
entire 

building, 

cents 

Kind  of  work 

Pera£ae 
imtof 

entise 

bQ£IdXEl& 

cects 

Foundations 

2H 
I3V4 

H 

Ornamental  metalwork. . . . 
Marble 

aH 

Steel  framing 

ih 

Gmnite  and  maeomy 

Fir»-proof  floors 

Plumbing 

\i 

Heating 

1H 

Plaster,  plain  and  orna- 
mental   

— ^ 

It  will  be  noticed- tbatr tbc  relative  cost  of  several  of  these  items  is  the  aal 
-^  in  the  office-building.    The  total  cost  •  of  this  building  was  42H  cts  percsS 

*  These  pre-war  figures  must  be  increased  from  50%  to  xoo%.  ' 

t  ^  '*i  V  Fiff proof,".  March,  190$. 
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Cost  *  of  Buildings  per  Square  Foot 

hu^Storf  Buildings  of  Lsrgo  Arse,  such  as  exposftioa-buildinf^,  etc., 
f  be  *wi^'mflt^  almost  as  accurately  by  the  square  foot  of  ground  covered  as 
the  cubic  foot  of  buiUUng,  as  there  are  few  or  no  interior  partitions,  and  usur 
r  no  pJastering  or  iaUtior  fioiah. 

Ma  and  Steel  Buildings.  *^  Roughly  speaktag,  the  oost  of  one'Stoiy  iron 
1  steel  boildtugs,  ompAete,  is,  for  shads  and  stofuge^houaos,  from  40  to  60  eta 
sq  ft  of  ground,  and  for  such  buildings  as  machine-sbopa,  fouadries^  and 
tric^light  pLaats»  that  are  provided  with  tavattng  craiie%  the  coat  ia  from  60 
)Q  cts  per  sq  ft  of  ground  covered."  t 

Kructurml  SteeL  For  estfmstes  of  cost  of  structural  steel  for  buildings^ 
pages  1204  to  1307. 

I^ooden  and  Brick  Mills  and  Warehouses.  See  Chapter  XXII,  pages 
to  810. 

^ositton-Buildings.    The  cost  X  of  the  World's  Fair  buildings  (Chicago^ 
1)  per  square  foot  of  ground  covered,  including  sculpture  and  decoration^ 
as  follows: 

Manufactures  and  Liberal  Arts  Building $1  -39 

Transportation  Building 1.08 

Electricity  Building 1.69 

Machinery  Hall 3.12 

Agricultural  Building i  .44 

Administration  Building 9. 18 

Horticultural  Building i  .41 

Mines  and  Mining  Building i  .04 

Fisheries  Bmlding 2.35 

Forestry  Building o. 75 

ost  *  of  Structures  for  the  St.  Louis  Bxposhion  (1904).  The  following 
res  were  issued  by  Isaac  S.  Taylor,  at  that  time  Director  of  Worjk^  of  the 


Building 


Dimensions, 

ft 


ro  Art  Pavilions,  each 

t  Btrildtng  Annex 

irvemcnent  Btiildingr 

)vcmment  Fisheries 

ines  and  Metallurgy 

beral  Arts 

iucation  and  Social  Bconomy . 

uitxCacttires 

BCtricity 

izied  Industries 

tchinery 

earn,  Gasaad  Pud 

ansportation 

articulture 

pncuitnre 

vestry.  Pish  and  Game. . 


BtivalHall. 


\ 


161X346 
144X423 
106X150 
300X736 
136X136 
S2SX  750 
525X750 
525X758 
525X1  200 
525X758 
525X1  200 
525X1  000 

30XX336H 

525X1  300 

374X7to 
5DoXx6oo 
3iooX6ao 
19s  in  diam- 
eter, exclusive 
of  annex 


Area, 

acres 


! 


I  42  j 

3.14) 

0.41 

3S6 

0.42 

9.08 

g.<o 

7.70 

13.47 
6.67 

10. 28 

9.48 

a.as 

15.70 
S.42 

i8.6a 
4.07 

1.09 


Tbtalcost 


t967«33.9o 

39388.99 
328980.00 

45  000.00 
488  848. so 
471  820.95 
323950.75 
711  510.00 

408531  57 
704  067.96 
509  ZIO.50 
135480.00 
674853.42 

325  342.27 
520491.07 

X68  883.38 
3x5899.00 


Cost. 

sqft 


1545 

2.48 
2.23 
3.43 
1.24 
Z.20 
o.8x 
1. 13 


X. 

X. 

o. 
I. 
o. 
o. 
o, 


03 

12 

97 
38 
99 
77 
SB 


0.94 


EImm  pie-war  prioes  most  be  incv 

by  £.  C  Cbanklaad.  chief  engineer, 


Siven 


be  faKieaaed  from  $0%  to  100%.  f  H.  O.  TyieB. 

'1    rhwf  eturineer. 
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World's  Fair,  showing  the  area  and  cost  of  the  principal  exhibit 
The  total  area  of  twenty-two  buildings  was  123.51  acres,  and  the 
$6  939  993-26.    The  cost  was  for  the  bare  buildings,  and  did  not 
tural  or  other  decorations^  or  the  architects'  compensation. 

Recent  Exposition  Buildings.    The  cost  of  buildings  of  tUs 

erected  since  1904,  shows  a  pretty  general  increase  up  to  19 14,  with 
variations  in  the  rate  of  change,  ol  from  1  to  2%  per  year. 
would  be  from  50  to  100%. 

Cost  *  of  United  States  Goyemment  BuDdinga.    There  was 

1900,  by  the  United  States  Treasury  Department,  a  history  of  tkj 
buildings  of  the  United  States,  giving  their  cost,  and  in  1902,  there 
lished  t  &  list  of  387  buildings,  giving  the  cost  per  cubic  foot,  tbe 
used  for  the  walls  and  the  date  of  erection.  There  was  also  pubfisbed,  b| 
by  the  Committee  on  Public  Buildings  and  Grounds  of  the  United  SutaSfl 
a  list  of  ^tes  and  plans  for  public  buildings,  giving  data  of  much  vahic  is  ^ 
to  the  cost  of  public  buildings,  their  cubical  contents  and  their  cost  pcrfl 
foot,  including  buildings  erected  from  1816  to  1910.  "As  a  rule,  these bafl 
have  cost  more  per  cubic  foot  than  private  buildings,  so  that  their  cost  ca 
always  be  used  as  a  guide,  except  for  government  buildings."  % 

Unit  Prices  *  per  Cubic  Foot  for  Recent  Government  Buildings  rf) 
Same  Type.S  The  data  included  in  the  following  paragraphs  relate  to  &I 
buildings  erected  before  or  in  process  of  construction  in  191 4.  Tk;  tf 
certain  fixed  types  and  in  different  parts  of  the  United  States.  The  i>di 
are  post-office  buildings  and  the  location,  brief  description  of  the  gccflit^ 
8t  ruction,  ground-area  covered,  cubical  contents  and  comparative  nM\ 
cubic  foot  arc  given.  The  buildings  are  grouped  under  five  different  typeM 
the  VARIATIONS  IN  COSTS  PER  CUBIC  FOOT  of  dmilar  or  identical  buildinpiii 
type,  located  in  different  sections  of  the  country,  are  shown.  Folloirinc  4 
five  types  is  a  list  of  buildings  of  various  azes  and  descriptions  dioviai 
rariations  in  the  cubic-foot  rates.  The  conclusions  arrived  at  and  saawd 
at  the  end  of  the  lists,  include  a  table  which  shows  what  was  conaderedll 
office  of  the  Supervising  Architect  to  be  a  fur  difference  m  cost  or  vcnM 
OF  THE  SAME  TYPE  in  different  sections  of  the  United  States.  It  was  conaA 
also,  by  that  office,  that  the  method  of  estimating  the  cost  of  buHdiofsl 
CUBIC-FOOT  UNIT  PRICE  Is  productive  of  very  uncertsun  results,  inasB^aj 
there  are  many  variable  conditions  entering  into  the  construction  of  Udi 
located  in  diflerent  localities.  The  principal  items  affecting  the  coat  of  si 
types  of  buildings  are: 

(i)  Labor;   rates  and  efficiency. 

(2)  Materials;  quality  and  freight-rates. 

(3)  Season;  time  of  year  when  building  is  constructed. 

(4)  Contractors;  finances,  ability,  equipment,  overhead  expenses  and  oi 
of  profit  desired. 

*  Pre-war  figures  must  be  increased  from  50%  to  100%. 

t  Published  in  the  Architects'  and  Builders'  Magazine,  Aug.,  z9oa,  and  in  tk  ii 
Architect,  April,  1902. 

t  F.  £.  Kidder,  in  previous  editions  of  the  Pocket-Book. 

§  The  information  relating  to  the  cost  of  recent  government  buildings  of  oeitaat 
was  furnished  by  J.  W.  Cinder,  Superintendent  of  the  Computing  Dlvinoo,  Ofe 
the  Supervising  Architect,  by  permission  of  Mr.  O.  Wenderoth,  the  SupervisBgi 
tect,  through  whose  courtesy  and  valuable  assbtance  the  editor  is  aUe  to  predi 
data  referred  to.  The  editor  regrets  that  Ihnlted  space  prevents  the  reprodwtim 
carefully  prepared  and  most  Interesting  series  of  photographs  of  the  plans.  eW 
and  sections  of  the  govetnment  buildings,  the  costs  of  which  per  cubic  iont «( 
discussed. 
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■  >  Location;  as  to  supply-centers,  distance  from  railroads,  and  facilities  for 
cUing  mtaerials. 

''Axiations  in  Unit  Costs  *  of  Identical  Buildings  in  Different  LocalitieB 
^rder  to  compare  the  costs  of  identical  buildings,  with  slight  modification 
\  the  following  are  given  as  examples,  to  show  the  variance  in  different 
titles. 


z.    Post-office  buildings  at  Grenada,  Miss.,  Bennettsville,  S.  C,  Gov- 
on,  Tenn.,  and  Burlington,  N.  J. 

escription.  Main» building,  two  stories  and  basement;  rear  projection,  one 
y  and  basement;  non-fire-proof  construction  throughout;  brick  facing;  stone 
i;  vrooden  cornice;  slate-covered  gable  roof,  with  dormers  over  two-story 
;ioD,  and  flat,  composition  roof  over  one-story  portion. 


Area  and  contents 


round-area 

xt>ical  contents. 


3  825  sq  ft 

138  210  cu  ft 


Rate  per  cubic  foot  * 


Location 


renada.  Miss 

>vington,  Tenn. . . 
sxinettsville,  S.  C. 
jrlinston,  N.  J.... 


First  floor, 
fire-proof 

I0.327 
0.324 
o  309 
0.396 


^pe  3.  Post-office  buildings  at  Winchester,  Tenn.,  McPherson,  Kan.,  and 
igvievf,  Tex. 

description.  Main  building,  two  stories;  rear  projection,  one  story;  partly 
jivated  basement;  non-fire-proof  construction  throughout;  brick  facing; 
le  trim;  wooden  cornice  and  pilasters  at  front  entrance;  slate-covered  gable 
I  with  dormers  over  two-story  portion,  and  flat,  composition  roof  over  one- 
"y  portion. 


round-area 

abical  contents. 


Area  and  contents 


Rate  per  cubic  foot  * 


Location 


Winchester,  Tenn. 
IcPherson,  Kan., 
ongviow,  Tex ... 


3  825  sq  ft 
138  210  cu  ft 


Non-fire-proof 


••.344 
o  346 
0.332 


First  floor, 
fire-proof 


$0,350 
0.351 
0.337 


•Tlwse  pre-war  figures  must  be  increased  from  50  to  too%. 
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Pat 


Type  3.    Post-office  buildings  at  CookeviUe,  Tenn.,  and  Jackson,  Ky. 

Description.  Three-story-and-basement  building;  stone-faced  to  to^ 
course  over  water-table;  selected,  common-brick  facing  and  ornamental  tt 
cotta  trim;  composition  and  slate  roof  and  non-fire-proof  construction,  eai 
the  first  floor. 


1                                                       Area  and  contents 

Ground-area 

4  04210  ft 

Cubical  contents 

*       aQojoocttft 

Rate  per  cubic  foot  * 

Cookeville.  Tenn 

f0.27S 

Jackson ,  Ky 

0.260 

Type  4.    Post-office  buildings  at  Garden  City,  Kan.,  and  Lake  City,  Mi 
(identical  buildings). 

Description.  One-story-and-basement,  brick-faced  building,  with  stooe  n> 
table  course  and  trimmings  and  ornamental  terra-cotta  cornice,  arciiitnvsa 
parapet-coping;  non-fire-proof  oonstruction,  except  the  first  floor; 
roof. 


Area  and  contents 

Oround'^rea 

3888saft 

Cubical  contents 

X4X  456  Ctt  ft      ' 

Rate  per  cubic  foot  • 

Garden  Citv.  fCan 

to  MS 

Lake  City.  Minn > 

0.311 

Type  5.    Post-office  buildings  at  Abilene,  Kan.,  and  Bellefontaine^  Olw. 
Description.    One  story  and  basement;    stone  facing;    granite  stcps^  A 
tin  roof;  fire-proof  construction,  except  roof. 


Area  and  contents 

Ground-area 

5000  sq  ft 
l8i3  000  CQ  (t 

Cubical  contents 

Rate  per  cubic  foot  • 

Abilene,  Kan 

S0.3S9 

Bellefontaine.  Ohio 

0.167 

Buildings  of  Various  Sizes  and  Descriptions.  The  following  list  s  \ 
buildings  of  various  sizes  and  descriptions  throughout  the  coimtr>*  and  ^ 
the  variance  in  the  cubic-foot  rate.  j 

*  These  pre-war  figures  must  he  increased  frum  50  to  xoo%> 
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lost-office  building  at  New  Rochelle,  N.  Y. 

description.  This  building  is  of  an  irregular  plan;  two-story  and  basement; 
er  pavilion;  sides  and  rear  one-story  and  basement;  clearstory  over  work- 
n;  stone  facing  to  first-floor  level;  brick  facing  above  this  point,  with  terra- 
a  trim  and  cornice;  composition  roof;  flre^proof  construction. 


Ground-area  w 

7  512  sq  ft 
258  900  cu  ft 

I0.359 

Cubical  contents 

Rate  OCT  cubic  foot  * , 

ost-office  building  at  Mobile,  Ala. 

escription.  Front  portion,  two  stories,  and  rear  portion,  one  story  over 
croom.  Only  a  small  portion  of  basement  excavated  for  heating-plant, 
n  building  faced  with  limestone  and  rear  second  story  portion  with  oma- 
tsl  terra-€otta.  Fire-proof  construction;  long  and  short  spans,  and  con- 
e  joists  Mfith  terra-cotta  fillers;  copper  deck  and  Spanish-tile  roofs. 


Oround-ana 

18  054  sq  ft 
670  476  cu  ft 
«o.34i 

Cubical  contents 

Rate  per  cubic  foot  • 

Mt-office  building  at  Muskogee,  Okla. 

escription.  A  four-story-and-basement  building.  Granite  to  the  first- 
*  line,  stone-faced  above  (except  in  interior  court,  which  is  brick);  terra- 
%  crestins  at  roof;  copper  roofing  and  fire-proof  construction  throughout. 
X  standard  types  of  concrete  and  terra-cotta  floor-construction.  Monu- 
tal  in  design.  Corinthian  colonnade  at  entrance.  Eight  heavy  bronze 
>-standards.  Six  flights  of  marble  stairs.  Entire  lobby  of  marble,  and 
ornamental  plaster-work  in  lobby  and  court-room. 


v^^POtSAu''4t^6ft  ■••«•■•••■•••■■•••■•■•■■•■■••■■•• 

20  400  sq  ft 
I  336  613  cu  ft 
•0.43 

Cubical  contents 

Rate  oer  cvb»c  foot  • 

ot'ofl&ce  building  at  New  Bedford,  Mass. 

escription.    One  story,   basement  and  messanine  with  clearstory  over 

ral  portion;   granite  facing,  except  clearstory,  which  is  faced  with  terra- 

i;    main  roof  of  composition;    clearstory  roof  of  copper;    fire-proof  coiv 

:tion. 


Oroundrarea , 

Cubical  contents 

Rate  per  cubic  foot  * . 


27  750  sq  ft 
z  080  690  cu  ft 
10.323 


ist-office  building  at  Newark,  Ohio. 

ascription.  Two-story,  basement  and  unfinished  attic.  The  workroom  ex- 
5  through  two  stories.  Offices  in  second  story  over  balance  of  building. 
proof  construction  throughout.  Terra-cotta  floors,  ceilings,  roofs,  parti- 
^  furring,  etc.  Exterior  faced  with  pink  granite  to  the  first-floor  level  and 
^«rh!te  marble  above,  including  cornice,  parapet,  etc.  Flat  tin  roof;  bronze 
s  at  first  and  second-story  windows  on  front  of  building.  Cast-iron  grilles 
rst -story  and  basement- windows  on  sides  and  rear;  bronze-faced  post- 
i  screens,  desks,  revolving  doors,  vestibules,  etc.,  and  drawn-brooxe  covered 
13^  window-frames,^  doors,  etc.,  in  lobby.  Caen-stone  cornice  and  coffered 
ig  in  lobby.    Bronze  and  marble  stairs  to  second  story. 

*  These  pre-war  figures  must  be  increased  from  50  to  zoo%. 
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Ground-area i  6  91a  sq  ft 

Cubical  contents I  369  640  cu  ft 

Rate  per  cubic  foot  • So. 487 


Post-office  building  at  Minot,  N.  D. 

Description.  Three-stoo'-and-basement  building;  fire-proof,  except  n 
which  is  plank  on  steel  beams;  stone  facing  to  second-story  window-sills;  fad 
facing  above,  with  stone  cornice,  parapet-coping,  etc. 


Ground-area j  6  700  sq  ft 

Cubical  contents '  427  300  cu  ft 

Rate  per  cubic  foot  * |  fo.323 


1 


Post-office  building  at  McAIester,  Okla. 

Description.  Three  stories  and  basement;  fire-proof,  except  moi;  ta 
cotta  floors,  etc.;  suspended  ceilings;  stone  facing  to  second-flocNr  levd;  U 
facing  above,  with  stone  trim;  cornice  and  balustrade;  tin  roof. 


Ground-area 

7  48a  sq  ft 
394  76s  cu  ft 
I0.38 

Cubical  contents 

Rate  per  cubic  foot  • 

Post-office  building  at  North  Tonawanda,  N.  Y. 

Description.  The  building  has  two  stories  and  basement;  granite  ta  t 
first-floor  line;  brick-faced  above  with  stone  trimming  and  slate  roof;  fire^ 
construction  to  and  including  the  second  floor. 


Ground-area 

5  473  sq  ft 
276  330  cu  ft 
So.a89 

Cubical  contents 

Rate  per  cubic  foot  • 

Conclusions   Regarding  Variations   in   Unit  Costs.     In  the  forep 

unit  costs,  the  approach-work,  such  as  walks,  platforms,  terraces,  etc, » 
eluded.  This,  in  some  cases,  is  quite  expensive,  and  is  generally  from  5  toe 
of  the  entire  cost  of  the  building.  In  federal  buildings,  there  are  many  retfi 
ments  not  met  with  in  the  ordinary  mercantile  buildings,  and  the  penau 
character  of  the  building  neces^tates  ail  materials,  workmanship  and  coi^ 
tion  to  be  of  the  very  t>e5t  in  each  case.  This  is  guaranteed  by  iron-cbd  sp 
fications,  long-time  guarantees  for  several  items  of  the  work,  and  peol 
government  inspection.  The  office  of  the  supcr\'ising  architect  has  dd 
mined  that  the  relative  increase  in  cost  of  buildings  throughout  the  ecu 
over  the  cost  in  the  Mississippi  Valley  district  was  about  as  follows,  takiaf- 
Mississippi  Valley  district,  as  a  base,  at  xoo%,  and  the  labor  and  market-i 
ditions  which  prevailed  in  October,  19 14. 


♦      Per  cent      ' 

Mississippi  Valley  district 

1 
100 

xio        1 

Its 
100 

New  England  (except  Maine) 

Maine ^,   ,. 

Southern  States  

Northwest  Mountain  district 

Southwest  Mountain  district 

Pacific  Coast a. 

X20 
US 

•  These  pre-war  figures  must  be  increased  from  50  to  xoo%. 
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^  the  grouping  of  districts,  the  Mississippi. Valley  district  is  intended  to 
Iter  the  Middle  States  as  far  east  as  Ohio  and  Pennsylvania,  and  the  states, 
lerally,  bordering  on  the  western  bank  of  the  Mississippi  River.  This  is 
nd  to  be  a  part  of  the  country  in  which  the  lowest  prices  have  been  ob- 
fied.  The  other  districts  represent  the  approximate  greater  cost  for  buildings 
^r  that  in  the  Mississippi  Valley  or  Middle  States,  and  is  intended  to  repre- 
t  the  DIFFERENCE  IN  COST  AT  ANY  TIME;  but  is  uot  intended  to  represent 
difference  in  cost  at  different  periods. 

UustrAtion  of  Variation  in  Cost  *  of  Buildings  of  Identical  Area  and 
ntentB.  The  following  notes  are  taken  from  photographs  of  drawings  and 
&  data  accompanying  them.f  The  drawings  were  for  a  Post-Office  build- 
at  Menomonie,  \Vis.  This  building  contains  4  770  sq  ft  of  ground-area, 
i  the  cubical  contents  are  147  570  cu  ft.  The  contract  was  awarded  (1915) 
$45  380,  or  at  the  rate  of  I0.308  per  cu  ft.  It  is  a  one-story-and-basement 
Idin^,  faced  with  brick,  with  stone  water-table,  brick  parapet  and  tin  and 
ip3sition  roof.  The  first  floor,  only,  is  fire- proof.  Proposals  were  opened 
14)  for  a  Post-Office  building  at  Uvalde,  Tcx.  This  building,  except  for 
le  slight  modificatk>ns,  is  as  nearly  like  the  Menomonie  building  as  it  is 
rible  to  make  it  without  using  the  same  drawings.  The  ground-area  of  the 
ilde  building  is  4  672  sq  ft  and  the  cubical  contents,  151  875  cu  ft.  The  work 
»nnection  with  the  approaches  is  practically  the  same  as  that  at  Menomonie. 
hese  buildings  had  been  erected  in  the  same  town,  it  doe^  not  appear  that 
re  would  have  been  any  difference  in  the  costs,  but  the  lowest  proposal 
Ived  for  the  Uvalde  building  was  $56  403,  or  at  the  rate  of  $0,371  per  cu  ft. 
omparison  of  the  amounts  for  these  tw3  buildings  further  illustrates  the 
eliability  of  any  universal  application  of  the  cubic-foot  rate  in  determining; 
costs  of  buildings,  and  also  shows  that  the  difference  in  cost  of  construction 
windings  in  different  sections  of  the  country  varies  considerably. 

•omt  per  Cubic  Foot  of  Some  Important  Federal  Baildings.    The  follow- 
tabulations  contain  additional  unit  costs  and  other  data  for  public  buildings. 

Coat  *  per  Cubic  Foot  of  Some  Important  Federal  Buildings. 


Location  and  building 


rw  York,  N.  Y.,  Custom-House  (completed  1908) 

Bveland,  Ohio,  Post-Office,  Custom-House  and  Court-House 

n  Francisco,  Cal.,  New  Post-Officc  and  Court-House  (completed 

1906) 

mver.  Col.,  new  Mint  (completed  1905) 

a  Francisco,  Cal..  Subtreasury  Building  (estimated) 

Jtimore,  Md.,  new  Custom-House  (completed  1908) .....' 

ishington,  D.  C,  Senate  OfSce-Building 

It  Lake  City,  Utah,  Post-Office  (completed  1905) 

iianapolis,  Ind.,  new  Post-Office  (completed  1906) 

iladelphia.  Pa.,  new  Mint  (completed  1901) 

■hington,  D.  C,  National  Museum  Building 

ichington,  D.  C,  Agricultural  Buildings  (portions  completed) 

ishington.  D.  C,  House  Offioe-Building 


Cost  per 

cubic  foot. 

cents  • 

74 
68 

66 

6S 
60 

55 

50 

46       ! 

45 

43 

40       I 

^     ; 


rbcsc  pre-war  figures  must  be  increased  from  50  to  xoo%. 

fhesc  photographs  of  plans,  elevations  and  sections,  together  with  many  others,  and 
mpanying  explanations  and  data,  were  furnished  the  editor  by  J.  W.  Cinder,  Super- 
kdent  of  the  Computing  Division,  Office  of  the  Supervisirig  Architect,  by  permi$aioa 
r.  O.  Wenderoth,  the  Supervising  Architect  (1914),  and  have  been  of  great  assistance 
e  presentation  of  notes  on  the  costs  of  baildings. 
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Cost  *  per  Cubic  Foot  and  per  Square  Foot  of  Some  Hew 


Baafinl 


Location 

Facing 

Cost 

Contents, 

Area, 

Cob 

cuft     1    sqft 
1 

Cuft 

5«B 
tni 

Bansor.  Me 

Granite 

Marble 

Stone 

Limestone 

Brick 

Limestone 

Granite 

1 

1271  2VI-       10*  T20 

15  600 
II  000 

IX  000 
6470 
6470 
9984 

2173a 

So  312 

Augusta,  Ga 

388  800 

132703 
95200 

Si  532 
Z16689 

29s  QSi 

576  000 
377668 
2562x0 
256210 
liS  100 

o.sao 
0.390 

0.373 
0.318 
0.360 

O.JOO 

tfj 

South  Chicago,  lU 

Long  Branch,  N.  J 

Plymouth.  Mass 

Piqiia,  Ohio 

OJ 

U9 

New  Bedford.  Mass. . . 

X  080000 

OS 

I>«predt1iofi  of  BoUdingBt 

Dweooats  f^ooi  Valatt  of  Sew  BuUdxags.  The  figures  given  oa  tbep 
ceding  pages  are  for  new  buikUngs.  To  ascertain  their  value  at  any  tioKa 
sequent  to  their  erection,  a  discount  from  the  value  when  new  should  ben 
as  foUows: 

Per  cent  per  ]■ 

Brick,  occupied  by  owner i     to  iH 

Brick,  occupied  by  tenant iH  to  iH 

Frame,  occupied  by  owner 2     to  iH 

Frame,  occupied  by  tenant 2^  to  3 

If  built  of  long'leaf  yellow  pine,  or  of  spruce  from  tbe  New  EnglftDd  Sii 
add  from  20  to  30%,  or  if  of  shoit-Ieal  yellow  pine,  add  from  40  to  50%  to  A 
values.  If  of  redwood  or  cedar  from  the  Pacific  Coast,  use  about  om^ 
these  estimates,  which  are  tor  white  pine  or  white  pine  with  oak  framiQg-tid|| 
These  figures  for  depreciation  are  to  include  buildings  in  which  ordinaiy  19 
have  been  made.  If  extraordinary  repairs  have  been  made,  the  discount  sin 
not  be  so  heavy.  Good  judgment  must  be  used  in  estimating  tbe  amoet 
depreciation  in  buildings. 

The  Depreciation  of  Mill-Bttildings.  The  annual  depredatiM  of  tl 
building  of  slow-burning  construction  varies  from  i  to  1^%,  while  thd 
preciation  of  a  reinforced-concrete  factory-building  is  relatively  mudii 
since  it  is  confined  entirely  to  such  details  as  windows*  doors,  ioofin&  etc 

The  Wear  and  Tear  of  Building  Materials.  At  the  tenth  annual  aJ 
of  the  Fire  Underwriters'  Association  of  the  Northwest,  held  at  Cbiag 
September,  1879,  Mr.  A.  W.  Spalding  read  a  paper  on  tbe  wear  and  td 
building  materials  and  tabulated  tbe  results  of  his  investigations  in  tbe  ^ 
ing  form:  _  ^    .  ^  .  -;.  *^ 

*  Thaw  pfe*war  figuns  must  be  iacreased  fttMR  50  to  too%. 

t  Reproduced,  by  permisskm,  from  Um  Jouraal  of  the  Society  of  Cooetmeari 
Federal  Buildbi0i,  Scpteabflr,  1914,  through  the  couitesy  of  C  R.  Manli,  Ett 
Publications  of  the  Society  of  CoastructotB  of  Federsl  BuBdhigi.  This  Journal,  prf 
monthly,  contains  data  of  much  interest  to  architects  and  buildeis.  ' 

;  From  Tiffany's  JEstiisate  of  Depreciation,  used  by  the  United  States 
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Iftterial  in  btiilditig 


Jrick 

Plastering 

Minting,  outside. . . 
Glinting,  inside.... 

ihingles 

^omices 

Veather-boarding. . 

theathxng 

looring 

)oors.  complete 

findowB.  complete, 
lain  and  newels. . . 

loses 

aside  blinds 

tuilding  hardware . 
Iaz2as  and  porches 

•utstde  blinds 

ilb  and  first-floor 

joists 

limcnsioQ-luraber . 


Frame 
dwelling 


Brick 

dwelling 

(shingle  rooO 


Aver- 
age 
life 


years 


ao 
5 

7 
i6 

40 
30 
SO 
ao 
30 
30 

30 
40 

30 
20 
30 
16 

2S 

SO 


Depre- 
ciation 
per 

annum 

% 


S 

20 

14 
6 

2H 

3\i 

a 

5 

3^ 
3^ 
3H 

2H 

3H 
S 
5 
6 

4 
2 


Aver- 
age 
life 


years 


75 
30 

7 

7 

16 

40 

50 

20 
3D 
30 
30 

40 
30 

20 

20 
16 

40 

75 


Depre* 
ciation 

per 
annum 

% 


3M 
14 
14 

6 

2H 


5 

3H 
3H 
3W 

2^i 

3H 
5 
5 
6 


Frame  store 


Aver- 
age 
life 

years 


x6 
5 
5 

16 
30 
30 
40 

13 

as 

25 

ao 
30 
30 
13 
20 
X6 

25 

40 


Depr^ 
ciation 

per 
annum 


20 

20 

6 

3V4 
3M 
2H 
8 

4 

4 

5 

3^i 

3H 

8 

5 

6 

4 

2H 
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Brick  store 
(shingle  fOoO 


Aver- 
age 
life 


years 


66 
30 
6 
6 
16 
40 

•  ■  •  • 

50 
13 

30 
30 
ao 

30 
30 
13 

10 

16 

30 
66 


Depre- 
ciation 
per 

annum 
% 


i>4 
3H 

x6 

x6 
6 

2H 

2 

8 

3^ 
3H 
5 

3H 
3H 
8 

5 
6 

3H 
iV4 


rhese  figures  represent  the  averages  deduced  from  tlie  replies  made  by  eighty- 
Be  competent  builders  unconnected  with  fire-insurance  companies  in  twenty- 
en  cities  and  towns  of  the  eleven  Western  States. 

THE  QUANTITY  SYSTEM  ♦ 

EziKlaiuition  of  the  System.  The  quaktity  system  is  not.  as  some  persons 
c  supposed,  merely  the  taking  off  of  a  list  of  items  by  one  person  probably 
ti  uncertain  accuracyi  for  some  other  person's  hse.  It  means  the  careful 
isurement  by  a  disinterested  expert  specially  trained  in  this  kind  of  work, 
L  is,  a  QUANTITY  SURVEYOR.  TMs  specialist  proceeds  in  a  manner  quite 
erent  from  that  of  the  average  contractor.  He  follows  a  certain  recogidaed 
er  and  system  in  taking  off  quantities,  abstracting  and  billing,  with  a  view 
liminating  errors.  He  uses  certain  uniform  standards  of  measurements  and 
ressions  well  understood  by  bidders.  His  checking  and  rechecking  methods 
msure  accuracy  must  be  studied  to  be  appreciated  by  those  to  whom  the 
ntity  system  is  unknown.  A  record  is  kept  of  every  item,  however  small, 
ing  a  money-value.  These  items  are  classified  and  arranged,  each  under 
proper  trade  or  department,  in  methodical  order.    Guess-work  methods 

The  quantity  "system  "  which  is  not  merely  a  survey  of  items,  has  been  systematically 
icated  sfaice  1891  fay  G.  Alexander  Wright.  A.I.A.,  554  Pine  Street,  San  Frsncisco, 
is  the  founder  of  the  movement  to  adapt  ths  Quaotity  System  to  Amecicaa  buildiiig 
tice.  It  has  attracted  much  attention  among  contractors,  architects,  and  engineen. 
ourse  of  time  this  system  of  estimating  must  be  adopted,  as  it  stands  for  a  square 
between  owner  and  contractor  The  movement  in  aid  of  this  work  is  purely  a 
ntary  one,  an  honest  effort  to  bring  about  better  methods. 
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are  unknown  to  the  quantity  surveyor,  while  his  accuracy  and  attention  to  ee 
small  details  is  worthy  of  comment.  Every  bidder  figures  from  a  co^  d  ^ 
surveyor's  quantities  furnished  to  each  one,  with  (if  desired)  the  plans  ■ 
specifications.  The  surveyor  who  does  this  work  is  a  profesdonal  man  sisk 
to  the  engineer  or  the  architect.  He  should,  in  fact,  have,  and  he  usualb'  ^ 
had,  experience  in  these  professions,  and  in  addition,  a  practical  experiac 
acquired  in  the  field  in  actual  contact  with  and  superintendence  of  constnctia 
work. 

Method  of  Procedure.  Such  a  surveyor,  in  taking  off  quantities  from 
architect's  or  engineer's  drawings,  readily  detects  any  discrepancies  due  to  hai; 
preparation  or  other  cause.  The  attention  of  the  architect  or  engineer  is  ok 
to  such  matters  by  the  quantity  surveyor,  as  he  goes  on  with  his  work.  Vt 
tected  in  this  way,  all  uncertainties  are  at  once  corrected  and  adjusted,! 
that  by  the  time  the  drawings  and  specifications  reach  contractors,  everytH; 
has  been  made  plain  and  accurate  and  the  possibility  of  error  in  quanta 
can  therefore  be  disregarded.  The  resulting  document,  the  bill  of  QUANina 
is  then  either  printed  or  other^'ise  reproduced,  and  a  facsimile  copy  suRfc 
free  of  cost  to  each  bidder  who  inserts  his  umt  price  opposite  each  item  m 
in  an  hour  or  two  foots. up  the  money-cost  in  dollars  and  cents.  This  is  jv& 
all  that  a  contractor  should  be  expected  to  do  (for  nothing).  The  NUfl 
QUANTITIES  coutalns  everything  the  contractor  is  called  upon  to  perfoisf 
tumish,  in  order  to  complete  his  contract.  In  short,  the  bid  becomes  a  pM 
pasal  to  do  a  certain  fixed  quantity  of  work,  no  more  and  no  le^.  This  tia 
briefly,  is  the  main  underlying  principle  of  the  quantity  system:  a  ddak 
quantity  of  work  for  a  definite  .price,  and  the  elimination  of  eveiy  cciMfilii 
which  now  compels  bidders  to  take  chances. 

The  Present  Unsatisfactory  Conditions.  Most  architects  are  fasi 
with  the  wasteful,  unsatisfactory  methods  followed  to-day.  They  injure  h$ 
parties  to  a  contract  because  of  bidders'  mistakes  in  figuring,  zccancy  ba 
so  often  sacrificed  for  speed.  \^liile  wonderful  strides  in  methods  of  consBi 
tion  have  been  made,  no  attention  has  been  given  to  standardizing  netsS 
of  measuring  builders'  work,  and  so  both  owner  and  contractor  suffer.  As 
result  of  the  movement  in  aid  of  better  methods  (initiated  in  San  Franoi 
in  1 891)  more  conser\'atism,  and  a  closer  adherence  to  business  principles  1 
being  preferred  in  place  o{  gambling  methods  of  estimating.  ArchitectsJ 
engineers  who  now  permit  an  unduly  low  bidder  to  take  a  contract  are  costi 
trouble  every  time. 

Use  ol  the  Quantity  System  in  Other  Countries.    The  principle  of  pi 

ment  by  measurement  is  based  upon  equity  and  square  dealing.  On  laige*^ 
it  is  used  in  England,  Ireland,  Scotland,  France,  Germany,  Australia,  i 
South  Africa,  and  to  some  extent  in  the  United  States  and  Canada.  Iti^ 
significant  fact,  that  in  no  instance  in  which  this  measurement  systeal 
been  once  established,  has  it  ever  been  abandoned  for  the  former  faapbuS 
methods.  | 

Advantages  Claimed  for  the  Qnantity  System.    The  foOowii^  vti 

advantages  claimed  for  the  ^stem: 

(i)  An  immense  saving  of  time  and  money  now  wasted  by  biddexs;  l 
doing  the  same  thing,  going  over  the  same  ground,  and  each  arriviae  rf 
JiflFerent  result. 

(2)  Safer  bids,  as  the  work  to  be  performed  is  deariy  written  out  is  il 
oill  of  quantities,  which  can  be  the  essence  of  the  contracL 
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[3)  No  expense  to  the  bidder;  the  owner  pasrs  for  the  quantities  knowingly, 
le  owners  pay  now,  but  this  fact  is  not  brought  to  their  attention,  and  it 
es  not  occur  to  them.    The  percentage  added  to  a  bidder's  net  cost  is  not 

profit,  a  certam  portion  being  absorbed  in  oN^erhead  charges,  including  cost 
estimating,  which,  of  course,  is  ultimately  borne  by  owners. 

[4)  Saving  of  disputes  arising  from  ambiguities,  oversights,  and  even  errors, 
causing  extra  claims  more  or  less  just,  but  usually  vexatious,  and  sometimes 

kbarrassing. 

[5)  Better  opportunities  for  the  competent  bidder,  as  the  bidders  all  work 
and  price  from  the  same  basis. 

[6)  Better  work  and  greater  harmony.  If  no  part  of  the  work  is  omitted 
*re  is  less  reason  to  skin  the  work,  a  proceeding  which  produces  friction,  or 
trse. 

[7)  Misunderstandings  are  reduced.  The  bill  of  quantities  states  clearly 
lat  is  intended,  and  is  a  sort  of  clearing-house  for  the  drawings  and  specifica- 
ns. 

[8)  Neither  party  can  obtain  an  advantage  over  the  other  on  quantity  or 
icnption  of  work. 

[9)  No  disputes  with  subbidders,  it  being  clearly  stated  what  each  trade  is 
furnish.  « 

[10)  Contractors  have  no  figuring  of  quantities  to  do  and  can  therefore 
\rote  more  time  to  buildings  in  hand  and  save  profits  now  lost  for  want  of 
iir  personal  supervision. 

[11)  Fewer  inferior  contractors  as  lowest  bidders. 

[12)  Fewer  extras,  which  are  usually  a  trouble  to  all  concerned. 

[13)  The  architect  or  engineer  has  the  assistance  by  collaboration  of  the 
>fessional  quantity  surveyor,  who  is  available,  also,  for  preliminary  figures. 
lis  advance-information,  now  so  often  furnished  by  a  prospective  bidden, 
ates  undesirable  obligations. 

[14)  No  change  or  reorganizing  of  architects'  offices  is  entailed.  Much 
tail-work  now  involved  in  receiving  bids  could  be  taken  care  of  in  the 
antity  sur\'eyor*s  office. 

[15)  The  drawings  and  specifications  having  been  previously  made  as  com- 
te  as  possible,  subsequent  inconvenience  to  contractors  and  foremen  on  the 
»,  and  Inquiries  at  the  architects'  offices  for  explanations  become  unneces- 
y.  The  bill  of  quantities  gives  detailed  information  which  cannot  be  well 
«n  by  drawings. 

^kdaptation  to  American  Practice.  In  the  United  States  any  such  uni- 
rsal  system  must  conform  to  American  needs  and  sentiment,  and  be  a  prac- 
al  system.  For  many  reasons  it  would  be  unpractical  to  follow  the  English 
urtice.  The  principles  it  stands  for  can,  however,  i:>e  accepted  and  applied 
^'here  with  great  advantage. 


[MENSIONS   AND   DATA  USEFUL   IX   THE   PBEPABA- 
TION  OF  ARCHITECTS'  DRAWINGS  AND 
SPECIFICATIONS  ♦ 

Dimensions  for  Furniture.  For  the  convenience  of  draughtsmen  when 
iigning  furniture  or  providing  space  for  a  special  article  the  following  dimen- 
OS  are  given:  t 

'  See,  also,  the  additional  tables  with  more  detailed  and  classified  lists. 

Many  of  these  dimensions  were  first  contributed  to  the  American  Architect  of  No- 
iber  to.  1894,  by  Alvin  C  Nye. 
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Cfacin  and  Setli.  The  average  figures  taken  from  a  variety  of  good  S 
are:  Height  of  the  seat  above  the  floor,  i8  in;  depth  of  the  seat,  19  in;  tkl 
of  the  back  above  the  floor,  38  in.  Usually  the  seat  increases  in  depth  si 
decreases  in  height,  while  the  back  is  higher  and  slopes  more.  Twenty  ad 
inside  is  a  comfortable  depth  for  a  seat  of  moderate  siae.  Chair-arms  axciM 
9  in  above  the  seat.  The  slope  of  the  back  should  not  be  more  than  a&e4 
the  dq>th  of  the  seat.    A  lounge  is  6  ft  kmg  and  about  30  in  wide. 

Tables  vary  in  shape  and  size  almost  as  much  as  chairs.  Writing-t2bbs 
dining-tables  are  made  2  ft  5  in  high,  and  the  type  of  sideboard  called  acir'31 
TABLE  is  made  3  ft  high  to  the  principal  shelf;  but  tables  for  general  asetnii 
6  in  high.  Dining-tables  are  made  from  3  ft  6  in  to  4  ft  wide  and  to  eda 
from  12  ft  to  16  ft  by  means  of  slides  within  the  frame.  This  frame  shoddi 
be  so  deep  as  to  interfere  with  the  knees  of  any  one  sitting  at  the  table:  tbiti 
there  must  be  about  2  ft  clear  space  between  it  and  the  floor.  The  ssalksta 
practicable  for  the  knee-boles  of  desks  and  library-tables  is  2  ft  high  by  i  &!i 
wide,  the  width  to  be  increased  as  much  as  possible. 

Bedsteads  are  classed  as  single,  three-quasters,  and  double.  A  H 
bed  is  from  3  to  4  ft  wide  inside;  a  three-quarter  bed,  from  4  ft  to  4  f: :  s 
a  double  bed,  5  ft.  Bedsteads  are  from  6  ft  6  in  to  6  ft  8  in  lodg  inside.  T» 
boards  are  from  2  ft  6  in  to  3  ft  6  in  and  headboards  from  5  f t  to  6  f 1 6  is  liill 
Single  beds  for  dormitories  are  often  made  only  2  ft  8  in  wide. 

Bureaus  vary  in  shape  and  size  to  such  an  extent  that  it  is  almost  bapaaA 
to  say  that  any  dimension  is  fixed.    Convenient  sizes  are:  body,  3  ft  s  ia  ni 
I  ft  6  in  d.ep  and  3  ft  6  in  high;  or  4  ft  wide,  i  ft  8  in  deep  and  3  ft  high- 
Commodes  are  i  ft  6  in  square  on  the  top  and  2  ft  6  in  high. 
Chiffoniers  are  about  3  ft  wide,  i  ft  8  in  deep  and  4  ft  4  in  high. 

Cheval-Glasses  are  made,  if  large,  6  ft  4  in  high  and  3  ft  2  in  wide.  If  sad 
5  ft  high  and  i  ft  8  in  wide.    If  medium,  5  ft  6  in  high  and  2  ft  wide. 

Wash-Stands  of  large  sizes  are  3  ft  long,  x  ft  6  in  wide  and  2  ft  7  in  high.  Sd 
rdzes  are  from  2  ft  4  in  to  2  ft  8  in  long. 

Wardrobes  may  be  8  ft  high,  2  ft  deep  and  4  ft  6  in  wide;  or  6  ft  9  b  Itf 
I  ft  5  in  deep  and  3  ft  wide. 

Sideboards  may  be  from  4  to  6  ft  long  and  from  20  in  to  2  ft  2  in  deep. 

Upright  IHanos  vary  from  4  ft  10  in  to  5  ft  6  in  in  length,  frran  4  toi  ^!^ 
in  height  and  are  about  2  ft  4  in  deep  over  all. 

Miniature  and  Baby-Orand  Pianos  vary  from  s  ft  10  in  to  6  ft  in  leogtK* 
are  about  4  ft  xo  in  in  width. 

Parlor-Grand  Pianos  vary  from  5^  ft  to  6  ft  xo  iT\  in  length,  and  are  si* 
4  ft  10  in  in  width. 

Concert-Grand  Pianos  are  about  8  ft  10  in  in  length  and  5  ft  in  width. 

Bffllard-Tables  (Collcndcr),  4  by  8  ft,  4  ft  2  in  by  9  ft  and  s  by  10  ft.  S 
of  room  required  13  by  x7  ft,  14  by  18  ft  and  15  by  20  ft,  respectivdy. 

Classified  Tables  *  of  Fumittire-Dimensions.  The  foUowing  more  i 
tailed  and  classified  tables  of  average  dimensions  of  furniture  are  added  te  tU 
already  given  and  are  taken  from  recent  data  furnished  by  mannfactarssi 

*  These  additional  tobies  were  compiled  by  E.  S.  Hand,  and  much  of  this  datthjj 
several  editions  of  the  Pocket-Book  has  bccD  taken,  by  permission,  from  the  nhv 
treatise  on  Fumiturt  DeslRning  and  Draughting,  by  A.  C.  Nye. 
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miture.  While  some  of  these  measurement  vary  slightly  from  the  dimen 
)DS  given  in  the  preceding  paragraphs  they  represent  average  dimensions  o 
rniture  as  made  at  the  present  time. 

Dimensioiifi  of  Tables 


Kind  of  table 


)edroom-table. , 
3edrooavtable. 

Ujou-table 

Carving-table . . 
L)ressing-table.. 
Sxtenston  table. 
Sxtension  table . 
i^itoary-table... 
!-ibrary-tablc... 
library-table... 
library-table. . . 


Tea-table. 


Length 

Width 

Height 

31 

23 

29 

x8 

1ft 

30 

30 

23 

30 

A2 

30 

36 

36 

30 

30 

66 

66 

30 

54 

54 

30 

51 

41 

30 

42 

»7 

39 

54 

34 

29 

6o 

36 

29 

13 

13 

30 

z8 

l6 

24 

33 

17 

29 

30 

23 

18 

Remarks 


Commode 


Round 
Sqtiare 
Oval 


Round 
Square 
Upper  shelf 
Lower  shelf 


All  dimensions  are  in  inches.    Heights  are  from  the  floor. 

Dimensiona  of  Chairt 


Kind  of  chair 


Sedrooni-chair 

Saby's  high  chair  *.. . 

!Cbeek-cbair  t 

Chip-chair 

CbipKihair 

Dining-chair 

[>ining-chair 

I>ining-chair 

^ining'Chair 

3asy  chair 

Sasy  chair  t 

iepplewhite  chair 

?arlor-chair  X 

?arlor-chair  t 

?arlor-chair  f 

?arIor-chair| 

?iano-bench 

i^eception-chair  If 

Kocking-chair 

Itoundabout  chair 

i(ubens  chair 

>lipper-chair 


Height 


18 
20 
17 
17 
18 
20 
20 

19 
18 

17 
17 
18 

mi 

14 

18 

18 

20 

17 
16 
18 

20H 
12 


Seat-width, 


Front 


16 

14 

29 
33 

33 

24 
19 

19 

20 

33 
27 
21^^ 

24 
21 

26  v^ 

20 
40 
21 

33^i 

18 

18 


Back 


13 

13 

25 

17W 

17 

32 

17 
17 

IS 

38 

25 

17 

I9V4 

21 

22H 

13 

19 

30^ 
18 
X7W 
15 


Depth, 
outside 


17 

13W 

17 

22 

19 
18 

IS 

34  IF 
37^ 
17 

mi 

18Y 
26H 
19 
15 

31 

19^ 

z8 
IS 

17 


Back 


Height 


34 

37 

44 

39 

38 

45 

43 

38H 

36 

43 

41 

34H 

36 

29 

37 

36 

30 

41 

29V4 

40 

38 


Slope 


5 
6Vi 

3 

4 

4 
3 

3 
3 
O 

o 
3 


Arms, 

height 

from 

floor 


3H 

3 

27 

aH 

"iii 

'*36i4 

3 

iw 

3 

31 
36 
37 
35W 

25 
23 


24 
28V4 


*  Foot  rest  12  in  above  floor,    t  Overrtuffed.  |  Fxench  caoe  seat  and  back. 

I  Wooden  arm  and  back.  II  Upholstered  seat.    1  DtpHh  inside. 

kU  dimensions  are  in  inches.    Heights  are  from  the  floor.  •Tht  sbpe  of  the  back  is  sseai 
id  at  the  seat*level  to  a  pe*"nendicular  through  the  highest  point  of  the  back. 
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Part 


ol  Sofas 


KindoCso£a 


Height 


Seat-width 


Front      Back 


Small 

Extra  large... 
Ordinary  sofa 

Lounge 

Lounge 


X8 

43 

16 

78 

IS 

54 

17 

68 

17 

57 

40 

76 

51 

68 
57 


I 


Depth, 
oatnde  = 


21 
36 
34 

29 


Back  1  Arcs. 
'  hei^ 

Height    Sk>pe      f^ 


32H  . 
29  • 
34 

35  . 
«3 


3      ■  24 

a      '  IS 

5H  24 

2^1   .  29 

U  31 


All  dimensions  are  in  inches.    Heights  are  from  the  floor.    The  slope  of  the  back  i 
measured  at  the  seat-level  to  a  perpendicuhir  through  the  highest  point  of  the  back. 

Dimeiwimia  of  Case-Work 


Kind  of  case-work 


Bureau 

Bureau 

Bureau 

Bureau 

Bookkeeper's  desk. 
Bookkeeper's  desk. 

Chiffonier 

Chiffonier 

Cheval-glass 

Commode 

Sideboard 

Wardrobe 

Wardrobe 


Body 


Width 


45 
SI 
48 

54 

60 
60 

39 
36 

25 
16 

84 
36 
54 


Depth 


Remarks 


Height 


20»4 

23 

32 

20 

33 
32 

20 
20 

16 
32 

19 
24 


364 

37^ 

36^ 

41 

42 

44 

48 

51 

65 

31 

30 

69 

96 


Deck.  IX  in;  slope.  22  ia 


All  dimensions  are  in  inches.    Heights  are  from  the  floor.    The  slope  of  the  back  is  oca 
ured  at  the  seat-level  to  a  perpendicular  through  the  highest  point  of  the  back. 


Dimensions  of  Bedsteads 


Kind  of  bed 

Inside 

Heights 

Height 
Width,     botloc 

Length 

Width       Foot 

) 
t 

Head 

side  rail     ol  skk 

rail 

Single  bed 

Single  bed 

78 
78 
78 
78 

42            40 
42            41 

584              A2 

62 
60 
63 
67 

9M            9^2 
xo                10 
XI              10' S 

Double  bed , 

Double  bed 

56 

36 

13              94 

All  dimensions  are  in  inches.    Heights  are  from  the  floor. 

Dimensioiis  of  Plumbing-Fixtures.  Ensmeled-Iroa  Batb-Tubs.  Stasdd 
sizes  for  rolUrim  baths  with  sloping  ends  are:  nominal  lengths,  4  ft,  4H  ft,  5  ^ 
54  ft  and  6  ft;  width  over  all,  from  30  to  34  in.  Specially  narrow  tubs  are  mdi 
from  25  to  29  in  wide.  The  actual  length  over  rim  is  usually  x  or  3  in  sHrt 
than  the  nominal  length,  and  2  in  will  include  an  ordinary  overflow-pipe. 
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Wub-Baiini.  Crockery  basins,  to  go  with  marble  slabs,  are  made  round 
aod  oval.  Round  bowls  are  made  lo,  12,  13,  14  and  16  in  in  diam,  measured 
from  the  outside  of  the  rim.  Oval  bowls,  14  by  17  in,  15  by  19  in  and  x6  by  21 
in.    The  12  and  14-in  round,  and  15  by  i9*in  oval,  are  commonly  used. 

Marble  Basin-Slabs  may  be  20  by  24  in,  20  by  30  in,  22  by  28  in,  or  24  by  30  in, 
the  last  being  a  very  common  size.  They  can  be  made  any  size,  to  order.  They 
should  be  iHin  thick,  countersunk  on  top,  and  should  have  molded  edges  where 
exposed. 

Comer-SlalM  are  commonly  made  21  by  21  in  and  24  by  24  in.  Marble  backs 
are  usually  8  or  10  in  high,  and  sometimes  12  in. 

Eaameled-Iroii  Wash-Basina  or  Lavatories  made  in  one  piece:  common  sizes 
ire  16  by  20  in,  11  by  14-in  basin;  x8  by  2x-in,  xi  by  15  in  basin;  x8  by  34  in, 
12  by  15-in  basin;  back,  xoH  in  high.  The  smallest-sized  wash-basin  is  13  in 
inde  at  the  back. 

Comer-Basins,  i2Vi  by  12!^^  in,  12-in  round  basin;  I5byx5in,ixby  14-in 
>asin;  16  by  x6  in,  11  by  14-in  basin;  19  by  19  in,  11  by  15-in  basin.  The  stand- 
Lrd  height  of  wash-basins  is  2  ft  6  in  from  the  floor. 

Foot-Baths,  enameled  iron,  roll-dm,  are  22^^  by  19  in;  width,  including 
it  tings,  I  ft  XI  in;  height  x7  in;  depth  inside,  11  in. 

Seat-Baths,  enameled  iron,  average  about  32  in  long  over  fittings,  and  27  in 
Hide. 

Water-Cloeets.  The  dimensions  of  water-closet  bowls  vary  omsiderably, 
he  foUovnng  being  about  an  average:  width  of  bowl  over  all,  13  in;  depth  from 
rail  to  front  of  scat,  23  in;  height  from  floor  to  seat,  17  in;  width  of  seat,  from 
5  to  16  in.  Closets  with  low-down  tanks  measure  about  28  in  from  front  of 
eat  to  wall.  The  distance  from  center  of  outlet-opening  to  the  walls,  or  the 
;orGHiNG-iN  dimensions,  are  given  in  manufacturers'  catalogues,  as  they  vary 
rith  difierent  closets.  The  smallest  space  permissible  for  water-closet  compart- 
ments, where  doors  open  out,  is  2  ft  4  in  by  4  ft.  If  the  doors  open  in,  the  com- 
lartment  should  be  3  by  5  ft. 

Closet-Ranges,  used  in  schools  and  factories,  are  made  24,  27  and  30  in, 
enter  to  center  of  partitions.  For  graded  schools,  24  in  is  ample,  and  for 
Lctories,  27  in.  The  range  usually  occupies  a  space  28  in  in  depth,  if  set  against 
wall. 

Ufisal-Stalls  should  be  from  24  to  27  in,  center  to  center  of  partitions;  depth 
r  partitions,  20  or  22  in;  of  ends,  2  ft;  of  bottom  slab,  2  ft;  height  of  partitions, 
om  4  ft  6  in  to  5  ft  6  in. 

Kitchen-Sinks  of  cast  iron  are  made  in  a  great  variety  of  sizes,  those  most 
»nimonly  used  being  16  by  24  in,  iS  by  30  in,  18  by  36  in,  20  by  30  in  and  20  by 
>;  24  by  50  in  is  the  largest  size  for  enameled  sinks.  The  depth  inside,  for 
le  sizes  given,  is  6  in.  Plain  cast-iron  sinks  are  made  as  large  as  32  by  56  in,  or 
\  by  78  in.     Steel  sinks  are  made  in  all  of  the  above  sizes  up  to  20  by  40  in. 

PoiveUdn  Sinks.  Common  sizes  of  porcelain  sinks  are  20  by  30  in,  23  by  36  in 
id  24  by  42  in. 

C«8t-lron  Slop-Sinks,  common  sizes,  are  16  by  x6  in,  x6  by  20  in,  18  by  22  in 
id  20  by  24  in;   12  in  deep. 

Copper  Panlry-Sinks.    Common  sizes  are  12  by  x8  in,  X4  by  20  in  and  16  by 

in. 

E«aiuulzy-Tnbfl  of  slate  or  soapstone  are  commonly  made  2  ft  wide  over  all, 
d  x6  in  deep.    Lengths  over  all,  two-part  tubs,  4  ft  and  4  ft  6  in;  three- 


1642  Dimeasions  and  Data  P^it  S 

part  tubs,  6  ft,  6  ft  6  in  and  7  ft.  Earthen  and  porcdain  tubs  cone  sepuate^ 
and  are  connected  as  required.  The  dimensions  of  each  tub  are  2  ft  or  3  ff 
7H  ia  in  length,  2  ft  iH  in  in  width  and  15  in  in  depth,  inside.  The  leofd 
required  for  two  2'ft  tubs  is  4  ft  i  in;  for  three  tubs,  6  ft  2  in;  and  for  four  tuU 
8  ft  3  in.  Wolff's  roU-rim  enameled-iron  wash-tubs  are  55  in  over  all,  for  tn 
tubs,  and  82  in  for  three  tubs. 

lUnge-Boilers  are  12  in  diameter  for  30-gal,  14  in  for  40-gal,  16  in  for  >> 

gal  and  63 -gal,  22  in  for  loo-gal  and  120-gal  boilers. 

Dimensions  of  CarriagM.    Corerad  Bnggy  (Goddard).    Length  over  li. 
14  ft:  width,  5  ft;  height,  7  ft  4  in.     Will  turn  in  space  from  14  to  20  ft  sqiuie. 
according  to  skill. 

Coup6.    Length  over  all,  18  ft;  width,  6  ft;  height,  6  ft  6  in. 

Boggy  (Piaao^Box).    Length  over  all,  14  ft;  width,  4  ft  10  in. 

Landau.  Length  over  all,  19  ft  6  in;  width,  6  ft  3  in;  height,  6  ft  3  in;  \tog^ 
of  pole,  8  f t  o  in. 

Stanhope  Gig,  Two  Wheels.  Length  over  all,  10  ft  6  in;  width,  5  ft  S  ii; 
height,  7  ft  6  in. 

Victoria.  Length,  without  pole,  9  ft  6  in;  length  of  pole,  8  ft;  width  offf 
all,  5  ft  4  in. 

Light  Brougham.  Length,  without  pole  or  shaft,  9  to  11  ft;  width  over  tl, 
5  ft  4  in;  height,  6  ft  4  in. 

Automobiles.    Length,  from  1 1  to  19  (average  16)  ft;  width,  6  ft;  height  7^ 

Dimensions  and  Weight  of  Fire-Engines.  From  measurements  of  di^ 
ent  hre-engines  belonging  to  the  city  of  Boston,  it  was  found  that  the  greats 
length,  including  pole,  was  22  ft  6  in.  The  widths  varied  from  5  ft  to  5  ft  n  4 
the  average  height  being  8  ft  8  in.  The  average  weight  (computed  fraa  :$ 
engines),  8  000  lb;  the  greatest  weight,  9  420  lb  and  the  least,  4  780  lb. 

Dimensions  and  Weight  of  Hose-Carriages.  Extreme  length  with  hx% 
19  ft  6  in,  without  horse,  17  ft  6  in;  width,  from  5  ft  9  in  to  7  ft;  height,  from  6  3 
8  in  to  7  ft;  average  weight  (computed  from  11  carriages),  2  943  lb;  greUe* 
weight,  3  500;  least  weight,  2  120. 

Dimensions  and  Weight  of  Ladder- Wagons.  Length  of  truck,  33  ft; 
total  length,  with  ladders  on,  45  ft;  width,  6  ft  2  in;  average  wdght  {c& 
puted  from  12  wagons),  6  660  lb;  greatest  weight,  8  800;  least,  4  350. 

Dimensions  of  Locomotives  and  Cars.  The  dimensions  of  locomoti^ 
and  freight-cars  vary  considerably,  but  the  following  will  cover  those  in  c* 
mon  use: 

Locomotives.  From  15  ft  4  in  to  15  ft  10  in  to  top  of  stack  from  top  c^  ni^ 
extreme  width  of  cab,  10  ft  2  in.  Doors  to  admit  locomotives  shouM  be  fra 
12  to  13  ft  wide  and  18  ft  high. 

Furniture-Cars  are  14  ft  i  in,  from  top  of  track  to  top  of  brake-staff;  fl^iA 
3  ft  8  in  from  track;  extreme  width,  9  ft  10  in. 

Stock-CaiB,  13  ft  5  in,  from  top  of  track  to  top  of  t>rake-8taff ;  floor,  4  ft  fnfl 
track;  extreme  width,  9  ft  8  in. 

Refrigerator-Cars,  14  ft  6  in,  from  top  of  track  tc  top  of  brake-staff;  floor,  4  A 
from  track;  extreme  width,  Q  f t  7  in.  1 

Ordinary  Freight-Cars  are  about  13  ft  high  to  top  of  brake-staff  and  9  ft  4* 
in  extreme  width.  The  height  of  floor  of  freight-cars  varies  from  3  ft  S  ia  ta| 
ft  above  top  of  track  for  standard-gauge,  and  from  3  ft  to  3  ft  6  in  for  £.4* 
aow-GAuCE  cars.    Standard-gauge,  4  ft  8^  in. 
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toMBC«r-Co«oltM  vary  from  14  to  i6  ft  in  height  and  from  10  to  11  ft  in 
tith.  Doors  to  admit  cars  should  give  at  least  la  in  clearance  on  each  side, 
d  2  f t  overhead. 

Street  TroQey-CarB  are  about  8  ft  6  in  wide  for  the  car  proper,  and  the  steps 
Dject  about  8  in.  Height  from  track  to  top  of  coach,  11  ft  6  in;  the  trolley- 
ind  is  18  in  higher.  The  length  varies,  up  to  42  ft.  Trucks  for  a  41  ft  6  in 
r  are  about  24  ft  apart.  Wheel-bases,  4  ft  center  to  center.  Radius  of  short- 
:  curve  in  Denver,  Colo.,  35  ft  to  midway  between  rails. 
rhe  Gauge  of  a  railroad  track  is  the  distance  between  the  inner  sides  of  the 
ids  of  the  two  rails.    The  standard  gauge  is  4  ft  8H  in 

Capacity  of  Freight^Cars.  Car-Loada.  The  capacity  of  freight-cars,  and 
i  minimum  car-loads,  vary  so  greatly  that  no  accurate  general  information 
1  be  given.  For  heavy  freight,  25  tons  is  an  average  load;  for  light  freight, 
m  12  to  15  tons;  for  household  goods,  10  tons  is  about  the  minimum;  for 
e,  15  tons  is  about  a  minimum  load;  for  cement,  20  tons.  The  minimum 
^load,  to  obtain  car-load  rates,  varies  with  different  roads,  and  also  with  the 
e  made;  a  low  rate  is  usually  made  on  the  basis  of  a  big  load.  Thirty  tons 
i  good  load  for  heavy  freight,  and  40  tons  is  about  the  maximum,  except  for 
ciai  cars. 

hf  iscenaneotts  Dimensions.  Hone-Stalls.  Width,  from  3  ft  10  in  to  4  ft 
else  s  ft  or  over;  length,  9  ft.  The  width  should  never  be  between  4  ft  and 
:.  as  a  horse  is  liable  to  cast  himself. 

Hioiensbns  of  Standard  Bowling-AUeys.*  For  one  pair  of  alleys:  Rooir 
essary,  83  ft  over  all;  11  ft  6  in  wide,  60  ft  from  foul-line  to  head  pin,  3  f( 
pins  to  back  of  alley,  4  ft  for  pin-pit,  8  in  deep  in  front,  6  in  in  back;  alleys, 
xiaple  flooring,  should  extend  on  and  beyond  the  foul-line  12  ft,  and  then 
more,  making  a  i6-ft  approach  to  the  foul-line  for  the  player  to  run  to  deliver 
ball.  For  one  alley:  Same  length,  83  ft;  width,  6  ft  3H  in;  closer  dimen« 
is;  beds  42  in,  gutters  9  in,  division-pieces  2H  in,  ball-return  9H  in. 

In  In 

E  ALLEY:   Ball-return 9^  Onepairo?  alleys:  Ball-retum   9^4 

(t-diviaion  piece 3H        First-division  piece iH 

*cr 9  Gutter 9 

i 42  Bed 42 

ter 9  Gutter 9 

>tui-division  piece 2H        Second-division  piece 7H 

6  ft  3H  in  -     7sM  6  ft  3H  in  -  75^ 

'a  the  7SH  in  of  the  pair  of  alleys,  should  be  added 

tcr 9 

42 

ter 9 

xl-division  piece 2^4 
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dditional  room  should  be  provided  for  the  bowlers  and  spectators  as  these 
»iisions  are  for  the  alleys  only. 

imMisions  of  Drawings  for  Patents   (United  States).     10  by  15  in,  with 
[er-line  i  in  inside  all  around. 

^ffi^^n^tnnm.  fumished  by  The  Bnioswick-Balke-Collender  Company,  New  York  City. 
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Dimensiaiu  of  a  Band.  Diameter  of  head,  17  in;  diameter  at  buog,  191 
length,  28  in;  volume,  7  680  cu  in. 

Miscellaneous  Memoranda.  Weight  of  Men  and  Women.  Tbe  >vei 
weight  per  person  of  twenty  thousand  men  and  women  weighed  at  Bo6t(n,  Sb 
in  1864,  was,  men,  141H  lb;  women,  124H  lb. 

Wooden  Flagpoles.  For  a  flagpole,  extending  from  30  to  60  ft  abtm  i 
roof,  the  following  proportions  give  satisfactory  results:  The  diameter  3I: 
roof  should  be  Ho  the  height  above  the  roof,  and  the  top  diameter  one-bSt 
lower.  To  profile  the  pole,  divide  the  height  into  quarters;  make  the  &2sd 
at  the  first  quarter  above  the  roof,  fifteen-sixteenths  of  the  lower  diaod 
at  the  second  quarter,  seven-eighths,  and  at  the  third  quarter,  three-qT:2!!i 
the  lower  diameter.* 

Steel  Flagpoles.!  The  Department  of  Education,  City  of  New  Yoiik 
abandoned  the  use  of  wooden  flagpoles  and  is  using  steel  flagpoici.  Fcr  1 
ordinary  building,  60  ft  in  height  above  the  curb,  a  pole  43)^  ft  in  height  is  ■ 
which  is  sufficient  for  the  tackle  of  a  large  or  post-flag,  for  the  reason  tint  m 
parapets  are  very  low.  Each  pole  is  required  to  be  fitted  complete  with  t  a 
iron,  galvanized,  revolving  truck,  mounted  on  crucible-steel  pins,  the  cip  b 
neath  it,  also,  being  of  galvanized  iron.  The  truck  is  fitted  with  two  4V 
bronze  sheaves  on  Tobin-bronze  pins,  surmounted  with  an  8-in  20-ot  oo;v 
ball,  acid-cleaned  and  painted  with  four  coats  of  the  best  English  weather-pi 
sizing,  and  covered  with  XXXX  leaf -gold.  One  or  more  field- jcMnts  arep 
mitted  in  the  length  of  the  pole,  which  are  determined  according  to  staadi 
details,  the  bands  being  secured  to  the  male  tube,  and  both  edges  of  tlv  iM 
band  and  the  shoe  being  machine-beveled  to  insure  a  perfect  fit.  The  fead 
tube  is  drilled  and  secured  to  the  male  shoe  with  tap-screws  of  sufficient  Sba$ 
to  carry  the  upper  section  of  the  pole,  and  the  ends  of  the  screws  are  spi 
The  exposed  ends  of  the  female  tube  are  chamfered  and  caulked  tight  A  sa 
collar  or  band,  to  receive  the  copper  flashing,  is  secured  to  the  pole  and  boa 
just  above  the  roof-lines. 

Dimensions  of  Schoolrooms,  Boston  Schools.t    The  sizes  of  the  nnaii 

the  Boston  school-houses,  as  adopted  by  the  school  board,  are^  for  gnzatf 
schools,  28  by  32  ft  in  plan  by  13  ft  6  in  in  height;  for  primary  schools*  24! 
32  by  12  ft.  This  accommodates  56  scholars  per  room,  in  each  grade,  aflca 
216  cu  ft  per  scholar  in  the  grammar  schools,  and  165  cu  ft  in  the  prtnaij  pd 
A  width  of  27  ft  is  very  satisfactory  for  schoolrooms,  and  is  commonly  adofi 
because  it  permits  of  the  use  of  28-ft  joists,  without  waste. 

Heights  of  Blackboards  in  Schoolrooms.!  The  heights  tiom  floor  to* 
of  chalk-rail  should  be  about  as  follows: 

For  third  and  fourth  grades,     chalk-rail 2  ft  x  in  from  floor 

For  fifth  grade,  chalk-rail 2  ft  2Vi  in  from  floor 

For  sixth  grade,  chalk-rail 2  ft  4  in  from  floor 

For  seventh  and  eighth  grades,  chalk-rail 2  ft  6  in  from  floor 

Slate  blackboards  are  made  3  ft  6  in,  4  ft  and  4  ft  6  in  high,  4  ft  being  a  ^ 
common  and  satisfactory  height. 

*  The  Building  Trades  Pocketbook.  I 

t  From  data  compiled  by  E.  S.  Hand  from  notes  furnished  by  C  B.  J.  Snjtkr.S^I 
intendent  of  School  Buiidinga.  New  York  City.  I 

t  F.  £.  Kidder,  in  previous  editions. 
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Space  occupied 

Number  of 

Aae  of  scholar 

Height  of  seat 

Height  of  desk 

by  desk  and 

desk 

or  chair 

(next  scholar) 

seat  (back  to 
back) 

years 

• 

m 

in 

ft       in 

0 

x6toi8 

i6^i 

39W 

3            9 

X 

Z4tox6 

ISH 

38 

3            9 

3 

13  to  14 

ISW 

37  Vi 

3            8 

3 

10  to  13 

14^ 

36H 

3              7 

4 

8  to  10 

13Vi 

3S>i 

3            5 

5 

7  to   8 

I2H 

34 

2           4 

6 

6  to   7 

iiVi 

32  Vi 

a           3 

7 

5to   6 

zoVi 

31 

3             3 

4to   S 

9V4 

19 

3              0 

[>esks  for  two  scholars  are  3  ft  zo  in  long,  and  for  a  single  scholar,  3  ft  long. 
Uiles  are  from  a  ft  to  2  ft  4  in  wide,  according  to  age  of  scholars  and  sixe  of  room. 

Additioiial  Dttaf  on  School-Houses 

Sizes  of  Rooms.  The  Department  of  Education,  New  York  City,  has  adopted, 
'  the  dimensions  of  the  schoolrooms,  the  German  standard  of  23  by  30  ft  in 
tn  by  14  ft  in  height,  with  unilateral  lighting.  These  dimensions  are  used  for 
grades  of  elementary  schools,  the  sittings  being  on  the  basis  of  15  sq  ft  of 
9r-space  per  pupil.  Good  light  cannot  be  had  on  desks  which  are  placed  at  a 
ater  distance  from  the  windows  than  one  and  one-half  times  the  height  of  the 
>  of  the  upper  sash  from  the  floor. 

Sixes  of  Seats  and  Desks  for  Elementary  and  BIgh  Schools 


Space!  occupied 

Number  of 
desk 

Age  of  scholar 

Height  X  of  seat 
or  chair 

Height  t  of  desk 

by  desk  and 

seat  (back  to 

back) 

years 

in 

in 

in 

0 

z6  to  x8 

17 

31 

33 

X 

14  to  16 

x6 

30 

33 

2 

13  to  14 

IS 

38 

31 

3 

10  to  13 

14 

36 

30 

4 

8  to  10 

13 

24 

39H 

5 

7to   8 

13 

23 

a? 

6 

6  to   7 

II 

32 

37 

7 

Sto   6 

10 

204 

36 

lackboarda.    For  first  and  second-year  scholars  the  chalk-rail  is  placed  2  ft 
X.  the  floor,  and  the  boards  are  4  ft  high.    This  allows  the  smaller  children 

F.  E.  Kidder,  in  previous  editions. 

Froin  data  compiled  by  E.  S.  Hand  from  notes  furnished  by  C.  B.  J.  Snyder,  Super- 
ndent  of  School  Buildings,  New  York  City. 

Heights  are  measured  as  follows:  From  the  floor  to  the  top  of  ink-well  strips  of 
a,  and  from  floor  to  top  of  front  edge  of  seats,  and  should  not  vary  more  than  H  in 
1  the  heights  given  in  this  table. 

isles  have  a  minimum  width  of  z8  in  for  the  lower  grades  and  33  in  for  the  upper 
les. 
U  cbaics  are  used,  this  distance  must  be  increased  from  iH  to  2  in. 
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1648  pimensLons  and  Data  hit  I 

to  use  the  lower  portion.  The  upper  part  of  the  surface  is  at  a  height  convcoM 
for  the  use  of  the  teacher,  there  being  much  display-work  employed  in  thelM 
grades.  For  scholars  in  grades  from  the  third  to  the  eighth  year,  indushie,  d 
for  high  schools  the  chalk-rail  is  placed  2H  ft  from  the  floor  and  the  boards  a 
3  ft  6  in  in  height. 

Doore  and  Stairways.  Wardrobes  should  be  entered  from  the  dasEioefl 
only.  Classroom-doors  should  open  into  the  rooms,  so  as  to  afford  the  tcKh 
control  in  case  of  panic.  All  exit-doors  should  open  out.  All  stairways  fiiaM 
be  shut  off  from  corridors  by  means  of  self-closing  doors,  which,  together  vU 
the  stairways  and  the  enclosures,  should  be  of  fire-proof  materials.  Stairwi 
should  be  of  sufficient  number  to  permit  of  the  building  being  vacated  viti 
three  minutes  from  the  time  a  signal  is  given.  This  can  be  effected  by  aJIon^ 
a  linear  width  of  4  ft  for  the  first  50  persons  and  12  in  additional  for  eadb  % 
persons  in  excess  thereof.  No  stairway  is  to  be  less  than  4  ft  nor  moce  tki 
5  ft  in  width.  Exits  should  be  planned  so  as  to  provide  x  $  lin  ft  for  the  first  501 
I)ersons  and  6  in  additional  for  each  100  persons  in  excess  thereof.  No  stainq 
should  have  more  than  15  steps  in  any  one  flight,  changes  in  direction  bd^ 
effected  by  a  square  platform  and  no  winders  being  used.  No  stair-door  a 
exit-door  should  open  out  over  a  step.  Platforms  are  to  be  provided  for  s«l 
doors  and  are  to  extend  at  least  i  ft  beyond  the  edge  of  the  door  when  ^anfal 
•pen. 

Staira.*  The  rise  of  a  stair  is  the  height  from  the  top  of  one  step  to  tbe  tt| 
of  the  next.  The  total  rise  is  the  height  from  floor  to  floor.  The  run  is  ^ 
horizontal  distance  from  the  face  of  one  riser  to  the  face  of  the  next.  Rsne 
are  the  upright  boards  or  other  materials  forming  the  faces  of  the  steps,  xi 
the  treads  are  the  horizontal  pieces  or  surfaces  on  which  the  feet  treai 
Treads  are  usually  from  iH  to  iH  in  wider  than  the  run,  on  account  of  tk 
NOSING.  The  height  of  an  individual  riser  or  the  rise  of  any  stairs  b  k^mi 
by  dividing  the  total  rise  by  the  number  of  risers.  The  rl^  of  the  sttf! 
may  be  fixed  at  will  unless  the  space  is  cramped,  but  to  secure  a  comfortabh 
stair  the  run  must  bear  a  certain  relation  to  the  rise. 

Rules  for  Dimensions  of  Treads  and  Risers.  For  ordinary  use  a  rise  of  hm 
7  to  7>^  in  makes  a  very  comfortable  flight  of  stairs.  For  schoob  aod  li 
stairs  used  by  children  the  rise  should  not  exceed  6  in.  Stairs  having  a  n 
greater  .than  7H  in  are  steep.  The  width  of  the  run  should  be  determirad  ^ 
the  height  of  the  rise;  the  less  the  rise  the  greater  should  be  the  run,  and  ai 
versa.    Several  rules  have  been  given  for  proportioning  the  run  to  the  rise: 

(i)  The  sum  of  the  rise  and  run  should  be  equal  to  from  17  to  17^3  in, 

(2)  The  sum  of  two  risers  and  a  tread  should  not  be  less  than  24  nor  am 
than  25  in. 

(3)  The  product  of  the  rise  and  run  should  not  be  less  than  70  nor  ehi 
than  75. 

These  rules  apply  only  to  stairs  with  no»ngs.  Stone  stairs  without  ncsiai 
should  have  at  least  12-in  treads  for  adults.     (See  Tables,  pages  1646-7-) 

Height  of  Hand-Rafl.  In  dwellings,  hotels,  apartments,  etc.,  the  height  < 
the  rail  should  be  about  2  ft  6  in  above  the  tread,  on  a  line  with  the  face  of  tb 
riser.  For  grand  staircases  the  height  may  be  reduced  to  2  ft  4  in.  On  stse 
stairs  the  height  should  be  from  2  ft  7  in  to  2  ft  9  in.  The  rail  should  abo  I 
raised  over  winders.  On  landings,  the  height  of  the  rail  should  be  equal  to  tl 
height  of  the  stair-rail,  measured  at  the  center  of  the  tread,  the  usual  hci^  i 
residences  being  from  2  ft  8  in  to  a  ft  10  in. 

*  Thb  subject  is  quite  fully  treated  in  Building  Construction  and 
Part  II,  Carpenters'  Work,  by  F.  E.  Kidder. 
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[Sath-Gords.*  Uatil  a  few  years  ago,  linen  or  cotton  cord  only  was  used  for 
onecting  weights  with  the  sashes  of  double-hung  windows,  and  cord  is  still 
Dre  extensively  used  than  either  ribbons  or  chains.  For  windows  of  ordinary 
ie  a  good  brand  of  cord  will  wear  for  a  long  time,  and  this  material  will  prob- 
)ly  never  be  entirely  displaced  by  metal.  "Tests  made  at  the  Massachusetts 
stitute  of  Technology  show  that  cords  wear  much  longer  than  chains,  though 
ey  have  less  tensile  strength.  Coeds  should  be  smooth  and  roimd,  so  that  each 
rand  bears  its  part  of  the  stress,  and  well  glazed,  so  that  they  have  a.  smooth 
rface  and  consequently  less  wear  from  friction  with  the  wheel  of  the  pulley." 
has  been  found  that  cord  can  be  braided  too  hard  for  durability,  yet  if  it  is 
aided  so  as  to  be  very  flexible  it  may  be  so  soft  that  it  will  stretch  and  cause 
sat  annoyance  by  permitting  the  weight  to  hit  the  bottom  of  the  weight-box. 
le  architect,  however,  should  always  specify  the  particular  brand  and  size 
cord  to  be  used,  and  also  the  diiuneter  of  the  pulley.  Among  the  leading 
inds  of  sash-cord  at  present  are  the  Samson  Spot,t  and  the  Silver  Lake  A.t 
lese  brands  are  superior  to  the  ordinary  braided  cords,  which  are  made  from 
erior  yarns  to  meet  the  jobbers'  requirements  for  price.  In  addition  to  other 
>st  excellent  qualities,  the  Samson  cord  offers  an  additional  advantage  that 
:hitects  will  appreciate;  it  has  a  colored  strand  woven  through  it,  which  shows 
spots  on  the  surface  and  thus  enables  one  to  tell  at  a  glance  that  no  other  cord 
s  been  substituted.  The  Silver  Lake  A  sash-cord  has  the  name  Silver  Lake  A 
uided  on  every  foot  of  cord;  but  unless  the  letter  A  accompanies  the  name  a 
rond  grade  of  cord  is  denoted.  The  marking  of  the  cord  by  color,  or  any 
ler  device,  does  not  alter  the  quality  of  the  cord.  Special  marks  may  be 
plied  to  inferior  cords  as  well  as  to  the  best.  The  following  numbers  should 
specified  for  the  different  weights  of  sash-weights: 

Reladv*  Sizes  of  Sash-Cords,  Weights  and  PoOeyB 


ize-number 

>iameter  in  inches 

^eet  per  pound 

luitable      for     weights      in 

pounds  up  to 

lininium  diameter  in  inches 

of  pulley  allowable 


F*or  hanging  sashes  weighing  over  40  lb,  only  the  largest  size  of  Samson  o** 
ver  Lake  A  cord,  or  some  form  of  sash-chain  or  sash-ribbon,  should  be  used, 
I  the  pulleys  should  be  selected  to  fit  the  cord  or  chain.  A  guarantee  that  the 
d  will  last  at  least  twenty  years  may  be  had  from  either  of  the  manufacturers 
ntioned  above.  The  Samson  wire-center  sash-cord  has  recently  been  put  on 
i  market.  This  is  really  a  metal  sash-cord  protected  by  a  braided-cotton  sur- 
e  which  acts  as  a  noiseless  cushion.  It  is  claimed  that  it  harmonizes  with  the 
idow-finish  and  that  it  has  greater  durability  than  other  sash-cords  or  metal 
rices.  (See  record  of  tests  made  at  Massachusetts  Institute  of  Technology, 
pe  1651.)  The  standard  color  is  that  of  dark  mahogany,  but  this  cord  is 
de  to  order  for  large  buildings  in  other  colors  to  match  the  finish. 

The  following  notes,  relating  to  Sash-Cords,  Sash-Chains,  Sash-Ribbons,  Sash- 
Kghts  and  Sash-Balances,  are  condensed  and  revised  from  articles  by  Professor  Thomas 
Ian.   in  Kidder's  Building  Construction  and  Superintendence,  Part  II,  Carpenters' 
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Manufactured  by  the  Samson  Cordage  Works,  Boston,  Mass. 
Manuiactured  by  the  Silver  Lake  Company,  Boston,  Maas. 
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Sash-Chains.  Of  several  styles  of  sash-chains  on  the  market,  the  style  m 
largely  used  is  the  flat^Iink  chain.*  This  chain  is  made  either  of  steel,  or  of  bn 
composed  of  95%  copper  and  5%  of  tin.  For  suspending  very  heavy  sak 
doors  and  gates,  a  cable-chain  has  been  extensively  used.  Star  t  sash-diaa 
made  of  bronze-metal.  The  manufacturers  of  the  Norris  sash-pulley  daio  ih 
a  riveted  chain  that  has  joints  only  one  way  is  almost  sure  to  break  when  n 
slightly  twisted,  and  that  it  is  better  to  use  two  chains  of  the  link-patterara 
ning  side  by  side  over  the  same  pulley.  The  strongest  sash-chains  are  of  ste 
made  rust-proof  by  the  hot-galvanizing  process,  and  electro-copperplated  i 
give  a  bronze  finish;  and  of  a  bronze-mixture  which  looks  like  copper,  kt 
tougher  and  harder.  One  firmt  claims  that  its  galvanized-steel  sasb-dua 
from  zi  to  45%  stronger  than  any  bronze  or  copper  sash-chain  and  that  it« 
resist  fire  for  a  much  longer  period.  The  tensile  strength  of  their  chiln  vao 
from  475  to  S50  lb,  according  to  the  weight  used. 

Sash-Ribbons.  These  are  now  also  extensively  used  in  hanging  the  sa^i 
the  better  class  of  buildings.  The  ribbons  are  made  of  steel  and  alumios 
bronze  or  of  some  mixture  of  aluminum,  and  in  H,  Mi  Ht  H  and  T»-in  widfi 
They  are  claimed  to  be  practically  indestructible,  but  according  to  one  scm 
tests  it  would  appear  that  in  some  cases  they  do  not  wear  as  long  as  sa^-ci 
or  sash-chains.  Some  people  object  that  the  ribbons  snap  against  the  pdk; 
stiles,  when  the  sash  is  raised  or  lowered,  and  thus  make  considerable  lat 
The  H-in  ribbon  may  be  used  for  a  sash  weighing  up  to  100  lb  and  recpisi 
50-lb  weights.  For  a  window  6  ft  10  in  high  and  3  ft  wide,  glazed  with  plate  ^ 
the  ribbons  with  attachments  cost  about  75  cts.  Sash-ribbons  are  now  nd 
factured  by  a  number  of  firms  who  also  make  the  necessary  attacbmeots  i 
weight  and  sach.  For  the  best  working  of  windows  hung  with  ribbons,  poS^ 
•f  the  following  sizes  should  be  used: 


For  sashes 

weighing  not 

over   40  lb. 

2 

in 

For  sashes 

weighing  not 

over   60  lb. 

2U 

in 

For  sashes 

weighing  not 

over  ICO  lb, 

2^ 

in 

For  sashes 

weighing  not 

over  150  lb. 

3 

in 

For  sashes 

weighing  not 

over  250  lb. 

3Vi 

in 

For  sashes 

weighing  not  over  ^)o  lb. 

4 

in 

For  sashes 

weighing  not 

over  350  lb,  4>^ 

in 

Comparadve  Strength  of  Sash-Cords  and  Chains.  The  comparative  stza| 
and  durability  of  sash-cords  and  chains  have  been  determined  by  careful  tf 
but  there  is  a  great  variation  in  both  cases,  due  partly  to  variation  in  si 
rial,  but  principally  to  the  relative  sizes  of  the  chain  and  pulley  or  cord  I 
pulley.  The  cords  or  chains  may  be  too  light  for  the  weights  used,  or  i 
pulleys  too  small  in  diameter  to  carry  the  cord  without  undue  bending.  \ 
pulleys  may  also  have  too  narrow  a  groove  or  an  uneven  groove  with  M 
edges  which  cut  the  cords.  The  larger  the  diameter  of  the  pulley,  the  M 
the  wear. 

Tests  §  on  Wire-Center  Saah-Cord  and  Bronze  Sadi-Chains.  The^ 
tested  was  size  No.  S,  M-in  diam,  Samson  solid  braided  cotton  cord  with  a 

1 
I 

*  One  type  of  this  kind  of  sash-chain  is  manufactured  by  the  Bridgeport  CkuiOl 
pany,  Bridgeport,  Conn.  J 

t  Manufactured  by  the  U.  T.  Hungerford  Brass  &  Copper  Company,  New  Yoikfli 
X  The  Oneida  Community,  Ltd.,  Oneida.  N.  Y.  j 

§  Made  at  the  Massachusetts  Institute  of  Technok)gy,  May,  19x4,  by  ProieaHC^ 
MiUer. 
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wire  cable  center,  Hs  in  in  diam.  The  chains  tested  were  of  two  different 
makes  of  bronze,  size  Ko.  2,  purchased  in  the  open  market  as  typical  bronze 
^ash-chains,  each  recommended  by  a  reputable  dealer  as  the  proper  .chain  for 
use  with  a  25-lb  window-weight.  The  tests  for  the  better  of  the  two  chains  are 
those  given.  Durability-tests  were  made  by  raising  and  lowering  a  25-lb 
weight  over  a  2-in  pulley,  each  movement  corresponding  to  once  opening  and 
shutting  a  window.  The  cord  was  tested  over  the  regular  round  grooved 
pulley  ordinarily  used  for  cords,  and  the  chains  were  tested  over  the  combina- 
tion grooved  pulley  usually  furnished  for  sash-chains.  For  the  fire-tests  the 
cords  or  chains  were  hung  through  an  asbestos  box  in  which  a  Bunsen  flame 
under  pressure  was  applied  to  all  alike,  the  temperature  being  about  2  200°  F. 
A  25-lb  weight  was  attached  in  each  case  to  keep  the  cord  or  chain  under  the 
same  tension.  The  wire-center  cord  took  about  twice  as  long  to  burn  through 
and  wore  about  seventeen  times  as  Ion;;  as  the  bronze  chiun. 


Tests  on  Wire-Center  Sash-Cord  and  Bronze  Sash-Chain 


Durability-tests 

Fire-tests 

Number  of  lifts  before  breakiivg 

Length  of  time  before  parting 

1 

Bronze  chain 

Samson  wire- 
center  cord 

Bronze  chain, 
sec 

Samson  wire-       ! 
center  cord, 

sec 

34  944 
37  486 
37381 
3294S 
40  356 

659892 
592  559 
632230 

594  114 
631286 

577  154 
504032 

637796 
Average  603  633 

42. 5 

40  . 

39 
32 

78.S 
75.5 

77 
75 

31  234 

40  TOO 

27  874 

Average  35  377 

Average  38.4 

Average  76 -5 

_ 1 

Weights  of  Sashes  and  Glass.  In  figuring  the  weights  of  windows,  the 
weight  of  the  glass  may  be  taken  at  3^^  lb  per  sq  ft  for  plate  glass,  i^^  lb  for 
oublc-strength  glass  and  i  lb  for  single-strength  glass.  For  the  weight  of  the 
rooden  sash,  add  together  the  height  and  width,  in  feet,  of  each  sash,  and  mul- 
iply  by  2.1  for  2H-in  sash,  by  i}i  for  iH-in  sash  and  by  i>S  for  iH-in  sash. 
liese  values  are  sufficiently  accurate  for  determining  the  size  of  sash-cords 
ad  pulleys,  but  the  weights  should  be  determined  by  weighing  each  sash  after 
:  is  glazed,  as  the  weight  of  the  glass  varies  considerably. 

Iron  Sash-Weights.  The  weights  ordinarily  used  for  balancing  windows  are 
kade  of  cast  iron,  in  the  form  of  solid  cylinders  from  iH  to  2Vi  in  in  diameter,  and 
X>in  7H  to  31  in  long,  with  an  eye  cast  in  the  upper  end  of  each.  The  lengths 
ary  with  the  weights,  which  are  from  2  to  25  lb.  Flat  weights,  which  usually 
re  called  for  in  the  Philadelphia  and  some  other  markets,  are  from  6  to  34H  in 
aig,  from  2  to  30  lb  in  weight,  and  from  i>4  by  iH  to  iH  by  2H  in  in  cross- 
ction.  In  ordering  sash-weights  the  number  of  pounds  of  each  weight,  and 
le  sections  and  lengths  of  the  boxes  in  which  the  wdghts  will  work,  should  be 
ven.  Ordinary  weights  have  very  rough  eyes  for  the  sash-cords.  There  are 
manufacturers  in  the  East  who  make  weights  with  a  patent  eye  that  will 
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not  cut  the  cord.  A  sectional  sash-weight*  made  with  a  well-designed  hookisi, 
device  which  has  given  satisfaction,  is  said  to  be  one  of  the  best  on  the  m^kd 
Usually  from  three  to  ax  sections  are  required  on  each  side  to  balance  a  sasl 
properly.  If  the  hooking-device  fails  near  the  top  the  upper  sash  cannot  k 
closed  and  if  at  the  bottom  the  window  cannot  be  opened.  It  is  then  oecessirj 
to  open  the  weight-box  and  rehang  the  sections  before  the  window  can  be  ops- 
ated.  In  theory,  sectional  weights  are  ideal;  in  practice,  however,  they  a 
not  considered  as  satisfactory  as  solid  weights.  The  Brown  t  sectional  weighs 
are  made  2V4  by  2H  in  and  in  weights  of  6,  7,  8,  9  and  10  lb.  The^'  are  mdi 
of  both  cast-iron  and  lead.  It  frequently  occurs  after  a  contract  is  let,  that  dk 
glass  is  changed  from  double-thick  to  plate  or  prism  glass.  This  means  incrcised 
weight;  but  the  length  of  the  sash-weight  cannot  be  increased  and  it,  thcrrfTft 
becomes  necessary  to  increase  the  area  of  its  cros&-section.  If  the  wdgfal-bd 
is  detailed  to  take  the  regular  round  sash-wcight,  its  general  constructioa  rl 
be  such  that  it  will  take  a  2-in  round  sash-weight,  but  n^t  a  2-in  square  sasii- 
weight.  This  difficulty  can  be  avoided  by  a  little  thought  at  the  start.  .^ 
added  depth  of  H  in  in  the  weight-box  permits  the  use  of  a  rectangular  cast-iroi 
sash-weight.  The  Sanborn  sectional  sash-weight  X  is  intended  for  use  in  his 
buildings  of  heav>'  construction.  Because  of  the  lack  of  uniformity  in  tbe 
weight  of  plate  glass  the  required  weights  of  sash-weights  cannot  be  accuniteb 
determined  previous  to  the  hanging  of  the  sashes.  By  the  use  of  a  sectis^ 
sash-weight,  combinations  of  units  can  be  made  up  to  suit  the  requiresoeB:* 
The  units  are  made  square  or  rectangular  in  section  in  order  to  secure  a  mi- 
imum  weight  with  a  minimum  length.  An  opening  of  12  in  in  the  side  of  ut 
pocket  is  sufficient  for  hanging  the  largest  unit.  These  units  are  manufactoni 
in  standard  sizes  to  meet  the  general  conditions  found  in  the  building  xnda. 

Lead  Sash- Weights.  It  often  happens  that  for  wide  and  low  windows  ite 
weights  if  of  iron  would  be  so  long  that  they  would  touch  the  bottom  of  tk 
pocket  before  the  bottom  sash  was  fully  raised.  In  such  cases  lead  weights  ax 
usually  rcsartcd  to,  lead  being  80%  heavier  than  cast  iron.  By  casting  thi 
weights  square  in  section,  whether  of  iron  or  lead,  a  considerable  saving  can  te 
made  in  the  lengths.  One  sash-wcight  manufacturer  §  makes  a  specialty  i 
compressed-lead  sash-weights,  with  wrought  and  malleable-iron  fastemi^ 
centered  so  that  the  weights  hang  perfectly  plumb;  and  when  lead  wcighisas 
necessary  the  architect  will  d  3  well  to  specify  the  weights  made  by  this  co» 
pany.  These  weights  are  made  under  hydraulic  pressure,  by  which  greiiff 
smoothness,  solidity  and  density  of  metal  is  secured  than  is  possible  by  tic 
casting-process.  \  wrought-iron  rod  is  run  through  the  center,  to  which  as 
securely  attached  the  malleable-iron  fittings.  In  hanging  the  sashes  the  wei?36 
for  the  upper  sash  should  be  about  yt  lb  heavier  than  the  sash,  and  for  the  Voirt 
sash,  Vi  lb  lighter. 

Sash-Balances.  Within  a  C3mparatively  few  years  several  de\ioes  ban 
been  patented  for  balancing  sashes  by  means  of  springs  instead  of  weights.  \ft 
the  author  believes  that  only  one  type,  known  as  the  sash-balance,  has  provei 
a  practical  success.  The  sash-balance  consists  of  a  drum  on  which  the  ribbat 
is  wound,  and  which  contains  a  coiled-stecl  clock -spring,  immersed  in  oil:  the 
spring  sustains  the  weight  of  the  sash.  The  common  type  very  much  reseaAis 
in  outward  appearance  the  ordinary  sash-pulley,  and  is  applied  in  practio^r 
the  same  way;  the  ribbons,  which  are  made  usually  of  aluminum-broose.  sS 

*  Manufactured  by  E.  £.  Brown  &  Company,  Philadelphia,  Pa. 

t  Manufactured  by  E.  E.  Brown  &  Company,  Philadelphia.  Pa. 

I  Manufactured  by  the  Lidgerwood  Manufacturing  Company,  New  Yock  GUf. 

%  Raymond  Lead  Works,  Chicago,  lU, 
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ached  to  the  sashes  in  the  same  manner  as  cords  when  weights  are  used, 
lile  the  sash-balance  in  its  best  form  works  veiy  satisfactorily,  it  will  probably 
f€t  entirely  supplant  the  weight  and  axie-puUey  for  ordinao'  windows.    There 

many  windows,  however,  for  which  sufficient  pocket-room  for  weights  cannot 
obtained  without  spoiling  the  effect  desired  or  narrowing  the  glass,  as  in  some 
r  windows,  or  where  it  is  undesirable  to  break  the  frame  into  the  brick  jamb, 
such  cases  the  sash-balance  is  almost  invaluable.  For  hanging  the  glass 
»rs  of  show-cases,  sash-balances  are  usually  preferable  to  weights.  Sash- 
ances  are  made  in  both  side  and  top-patterns,  but  the  former  are  recommended 
erever  there  is  room  at  the  side  of  the  frame  for  the  depth  of  mortise  required. 
*  windows  of  the  sizes  usually  found  in  residences,  the  depth  of  the  sash- 
ance  measured  from  the  face  of  the  pulley-stile  wUl  vary  from  3  to  4  in; 
i  can  be  provided  for  usually  by  cutting  a  hole,  if  necessary,  in  the  masonry 
studding  back  of  the  frame.    As  sash-balances  require  only  a  plank  frame, 

consequent  reduction  in  the  cost  ot  the  frame  offsets  the  extra  cost  of  the 
amce.  In  remodeling  old  buildings  which  have  plank  frames  without  weights, 
fi-balances  are  found  to  be  a  great  convenience,  since  they  can  easily  be  in- 
;ed  in  the  old  frames.  An  advantage  which  all  spring-balances  possess  is 
t  they  act  most  stron^^y  when  the  sash  is  down,  and  so  enable  one  to  raise 
inding  window  more  readily  than  if  it  were  hung  with  weights;  while  when 

sash  is  up  the  springs  barely  suffice  to  hold  it  in  position,  and  do  not  offer 
stance  to  drawing  it  down.  Of  the  various  sash-balances  on  the  market,  the 
Iman*  and  the  Caldwell  t  are  the  most  extensively  used,  and  are  undoubtedly 
able.  The  Pullman  Unit  sash-balance  has  been  on  the  market  many  years 
I  has  proved  satisfactory.  These  balances  are  now  made  with  uniform-size 
s-plates  for  the  various  weights  of  sash  with  which  they  are  to  be  used,  and 
s  make  it  possible  to  have  all  mortises  for  the  balances  cut  at  the  mill,  as  is 
r  done  for  the  regular  cord-pulleys.  The  Caldwell  sash-balance,  both  top 
I  side-types,  is  much  used  by  the  United  States  Post  Office  and  Navy  Depart- 
its.  It  is  used  also  by  the  leading  car-builders.  The  springs  are  made  of 
h-grade  cold-rolled  tempered-steel  wire,  a  material  similar  to  that  used  for 
JL-springs.  The  manufacturers  guarantee  these  sash-balances  for  from  ten 
ifteen  years. 

(eating-Space  in  Churches  and  Theaters.  The  minimum  spacing  for 
rs,  back  to  back,  is  30  in.    This  spacing  is  fairly  comfortable  for  occupants, 

is  a  little  cramped  for  persons  passing  by  others  into  or  out  of  the  pews, 
pacing  of  32  in  is  to  be  preferred,  and  if  there  is  abundance  of  room,  the  spac- 

may  be  made  33  in.  Anything  over  s^  in  is  a  waste  of  room.  A  space  of 
in  in  the  length  of  the  pew  is  considered  a  sitting,  t 

>peni  or  Theater->Chair8  are  made  19,  20,  21  and  22  in  wide,  center  to  center 
inns,  and  in  arranging  them  in  rows  where  the  aisles  converge,  the  ends  are 
tight  to  a  line  on  the  aisles  by  using  a  few  chairs  that  are  either  narrower  or 
ler  than  the  standard  width.  For  churches,  a  standard  width  of  20  in  is 
least  that  is  desirable.  For  theaters,  21  or  22-in  chairs  are  commonly  used 
the  parquet,  20  or  21-in  in  the  dress-circle,  and  20  and  19-in  in  balcony  and 
leiy,  although  there  is  no  accepted  rule  in  this  respect.  On  account  of  the 
t-lifting,  opera  or  theater-chairs  may  be  comfortably  spaced  31  in,  back  to 
:k,  and  this  is  the  usual  spacing  in  halls  and  churches.  In  theaters  the 
jrs  are  usually  set  on  steps.  In  the  upper  gallery  these  steps  should  not  be 
re  than  30  in  wide;  in  the  balcony  they  are  usually  made  either  30  or  31  in 

Manufactured  by  the  Pullman  Manufacturing  Company,  Rochester,  N.  Y. 
Manufactured  by  the  Caldwell  Manufacturing  Company,  Rochester,  N.  Y. 
For  dimensioas  ^  pew-bodies  see  page  48  of  Churches  and  Chapels,  by  F.  £.  Kidder. 
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wide,  and  in  the  parquet,  31  or  32  in  wide.    As  a  rule  the  higher-priced  sd 
are  more  commodious  than  the  lower-priced. 

Eftimattng  Seating  Capacity.  The  actual  seating  capacity  of  theaters  ■ 
audience-iooms  can  be  deteqnined  only  by  drawing  the  seats  to  an  aaxi 
scale,  on  the  floor-plan,  and  ^en  counting  the  number  of  chairs,  or  meisai 
the  linear  feet  of  pews.  -A 

Approiimate  Seating  Capacity.  For  approximate  purxx>ses  the  seating  3fi 
ity  or  required  size  of  room  may  be  determined  by  allowing  from  7  to  >  aj! 
to  each  scat,  or  sitting,  when  on  a  curve,  and  from  6  to  7  sq  ft  to  each  sta 
when  in  straight  rows,  the  smaller  number  being  used  only  for  large  r»« 
'LLh  albws  for  aisles  and  pulpit-platform.  For  small  concert-halls  andosrs 
rectangular  rooms,  6  sq  ft  per  sitting  will  usually  be  sufficient  allowance.  pJ 
vided  only  that  the  actual  floor-space  utilized  for  seats  and  aisles  is  cooadaa 


Seating  Capacity  of  SevenU  of  the  Older  Cathedrals,  Churches,  Tbetteo 

and  Opera-Houses* 


European  Cathedrals  and  Churches 
Estimating  that  one  person  occupies  an  area  of  19.7  inches  square  t 


St.  Peter's,  Rome 

54  000 
37000 
32  000 
25600 
24400 
24300 
24  coo 
23000 
22900 

!  Notre  Dame,  Paris 

Pisa  Cathedral 

St.  Stephen's.  Vienna 

St.  Dominic  s,  Bologna 

St.  Peter's,  Bologna 

Cathedral  of  Sienna 

St.  Mark's,  Venice 

Spurgeon's      Tabernacle. 
London 

2I3S 

Milan  Cathedral 

uaac 

St.  Paul's,  Rome 

u«s 

St.  Paul's,  London 

..     12  31 

St.  Petronio  s,  Bologna 

Florence  Cathedral 

II  GK 

Antwero  Cathedral 

;*= 

St.  Sophia's,  Constantinople. 
St.  John  Lateran,  Rome 

■       738? 

European  Theaters  and  Opera-Houscs 


Carlo  Felice,  Genoa 

Opera- House,  Munich 

Alexander,  St.  Petersburg. 

San  Carlo,  Naples 

Imperial,  St.  Petersburg.. 

La  Scala.  Milan 

Academy  of  Paris 


2  560 
2370 
2332 

a  240 
2  160 
2  113 
2  092 


Drury  Lane.  London 19^ 

Covent  Garden,  London •  3  QB& 

Opera  House,  Berlin 1^ 

Adelphi.  London ajs 

Lancaster,  London I  i  ^ 

Globe,  London n* 


Some  Early  American  Theaters  and  OperarHouses,  outside  of  New  York 


The  Auditorium.  Chicago . . . 
Academy   of    Music,    Phila- 
delphia  *. , 

Boston  Theater,  Boston 


4300 

3124 
3000 


Castle  Square  Theater.     |    i6qom 

Boston )       I  ** 

!i  nesrlr 
•goo 
Grand    Opera-House.    Cio-  ' 
'      cinnati 1 7^ 


*  The  table  following  this  one  gives  the  seating  capacities  of  theaters  in  use  ia  i$u> 
some  of  the  boroughs  of  New  York  City.  The  above  table  of  seating  capacities  (rf  >* 
of  the  earlier  churches  and  theaters  is  retained  for  purposes  of  comparison.  So  ai* 
important  structures  of  these  types  have  been  erected  in  recent  years  intbe  lfti8«csia< 
the  world,  or  are  now  in  process  of  erection,  that  it  has  been  found  impoasilife  to  a^ 
any  list  that  would  be  and  would  remain,  for  any  length  of  time,  complete. 

t  See  note  on  page  1655. 
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Seating  Capacity  of  New  Torlc  ThMtart  (1914) 


Boroiaghs  of  Manhattan  and  the  Bronx 


1 


Name 


adeiny  of  Music. 
bambra 


nerican 

aerican.  Roof. . 

tor 

lasoo 

rkley  Lyceum . , 

jou 

cad  way 

wix 

juegie  Hall 

irnegie  Lyceum, 
isino 


tntury 

tntury.  Roof. 

role 

ty 


inton  Street  (Odeon). 

M>rge  M.  Cohan 

>lonial  — : 

)lumbia 

>medy 

iterion 

ily's 

elancy  Street 

oes  (Dewey) 

th  Street 

tinge 


npu^e 

imily 

fth  Avenue  (Proctor's) 

th  Street 

\h  Street  (Brady's) .... 
Jton 


Seating 
capacity 


a6s3 

1389 

683 

134 

137 

984 

416 

S14 

1776 

1764 

2632 

640 

1465 
2078 
X  150 

X684 

2269 

904 
Z072 

1 541 

I  315 

696 

916 

1074 
I  242 
1310 
1436 

89s 
1099 

687 

I  204 

1255 

969 

662 


Name 


Gaiety,  .mk 

Garden 

Garrick 

Globe 

Gotham 

Grand 

Grand  Opera-House 

Greeley  Square  (Loew's) .... 

Harlem  Casino 

Harlem  Opera-House 

Harris 

Herald  Square 

Hippodrome 

Hudson 

Hurtig  and  Seamon's  (Music- 

Hall) 

lUington 

Irving  Place 

Keith's  Union  Square 

Keasler's  2nd  Avenue 

Kessler's  2nd  Avenue,  Roof. 

Knickerbocker 

Lafayette 

Liberty 

Lincoln  Square 

Lipzin 

Little 

Longacre 

Loew's  Fifth  Avenue 

Loew's  7th  Avenue 

Loew's  National 

Lyceum 

Lyric 

Madison  Square  Garden. . . . 


Seating 
capacity 


806 
1090 

844 
X  194 
X626 
1888 
3093 

1906 

• 

X393 
847 
I  x6o 
5200 
X077 

1093 

• 

Z079 
1080 
x8q3 
734 
X3SX 
1042 
X  21X 

XS47 
X  030 

299 

• 

964 
1626 

2333 

957 
1452 


*  Data  not  furnished. 


lote  Recarding  Unit  Area  for  Seating  Capacity.  The  unit  area  given  in  the 
e  on  page  1654  appears  in  the  former  editions  of  this  book  and  seems  to  be 
small.  The  original  authority  for  the  data  cannot  be  determined.  A  more 
enable  minimum  area  would  be  about  23H  inches  square,  or  about  x 8  by  3c 
>r  540  sq  in,  or  about  3.8  sq  ft.    Editor. 
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Dimensions  and  Data 


Pis 


Seating  Capacity  of  Hew  York  Theaters  (19x4)   (Contiiined) 

Boroughs  of  Manhattan  and  the  Bronx 


Name 


Madison  Sq  Garden,  Roof... 

Manhattan  Opera-House 

Maxine  Elliott , 

Metropolis 

Metropolitan  Operar House. . . 

McKinley  Square 

Miner's  Bowery 

Miner's  Bronx  (Acme) 

Miner's  8th  Avenue 

Minsky 

Moulin  Rouge 

Murray  Hill 

Mount  Morris 

Nemo 

New  Amsterdam 

New  Amsterdam,  Roof 

New  York  Theater,  Roof . . . . 

Olympic 

ii6th  Street 

Odeon  145th  Street 

Park 

People's , 

Philipps , 

Plaza 

Playhouse 


Seating 
capacity 


700 

3  900 

904 
1 150 

330s 
I  5cx> 
x68 
798 
178 
866 

61S 
224 


Name 


I 

X 

I 

X 

I 
I 


941 
1 618 

610 
1337 

745 
1743 

904 
ISI3 

1693 

• 

1544 
879 


Proctor's  a3rd  Street 

Proctor's  58th  Street 

Proctor's  Z25th  Street 

Prospect 

Republic 

Richmond 

Riverside 

Savoy 

Star 

St.  Nicholas 

Thalia 

Third  Avenue  (Keeney's) . . . 

39th  Street 

Tremont 

Victoria 

Victoria,  Roof 

Wadsworth 

Wallack's 

Washington 

Weber's 

West  End 

Weber  and  Field  Music-Hall 

Winter  Garden 

Yorkville 


1* 
inx 

rr 

IOC 

l$i 

to 

13 

i« 


Data  not  furnished. 


Borough  of  Brooklyn 


Academy  of  Music . . 

Amphion 

Bijou 

Broadway 

Bushwick 

Casino 

Columbia 

Comedy 

Crescent 

DeKalb 

Empire 

Fifth  Avenue. ....... 

Folly 

Fulton 

Gayety 

Gotham 

Grand  Opera-House. 
Greenpoint 


2  200 

1589 
I  562 

1  969 

2  228 
1503 
1673 
1 123 
I  610 
2232 
1740 
z  063 
I  840 

1492 
1455 
958 
I  515 
1776 


Jones 

Liberty 

Linden 

Lyceum 

Lyric 

Majestic 

Myrtle 

New  Montauk. 

Novelty 

01]nnpic 

Orpheum 

Oxford 

Payton's 

Prospect  Hall. 

Royal 

Shubert's 

Star 


id 

s 

133 
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Dimensions  of  Some  Theaters  and  Opera-Houses  ^ 

le  following  are  the  dimensions,  in  feet,  of  some  of  the  earlier  theaters  in  this  country 
in  Europe. 


Name  and  location 


meander,  St.  Petersburg. . 

-,  Berlin 

Scala,  Milan 

1  Carlo.  Naples 

uid.  Bordeaux 

le  Lepeletier,  Paris 

irent  Garden,  London. . . 

txry  Lane,  London 

rton.  Boston 

idexny  of  Music,    New 

'ork 

idexny  of  Music,  Philad- 
elphia  

>be,  Boston 

seum.  Boston 

tropditan  Opera-House, 

few  York  5 

5  Auditorium.  Chicago.. 

pire.  New  York 

ickerbocker.  New  York. 

•rick.  New  York 

li  Avenue,  New  York. . 

erican.  New  York 

etor's  Pleasure  Palace, 

cw  York 

Jxon.  New  York 

nd   OperarHouse,  Cin- 

nnati 

tie  Square,  BostonlT 

oty,  Boston 


Auditorium 


•a 


58 
SI 
71 
74 
47 
66 
SI 
S6 


63 

66 
6o 
68 


69 

S6H 

74H 

74H 
67H 

67 

79'/4 

77 


76 
78 
95 
73 
56 
76 
66 

64 

71 

87 

78 

65 
6i 


66 

79 
52 

74H 
67 

69 

85^^ 

8o% 


•5 


58 
47 
64 
83 
57 
66 


58 


•  •  ■  ■ 


74 


Proscenium- 
opening 


47%t 


•  •  •  • 


70t 


♦J 


56 
41 
49 
53 

37 
43 
32 
32 
46 

48 

48 
30 
31 

54 

34 
35 

27 

39 

34 
32 

36 

40 


DO 

X 


so 

34 
34 


39 

34 
30 

34 
34 


Stage 

# 

♦♦ 

1 

ja 

1 

75 

84 

•  •  •  « 

92 

76 

•  •  •  ■ 

86 

78 

•  •  ■  ■ 

66 

74 

«  ■  •  • 

8o 

69 

•  •  •  • 

78 

82 

•  •  «  • 

86 

55 

•  •  •  • 

48 

8o 

•  •  ■  • 

87 

68 

•  •  •  • 

83 

71 

a  *  »  ■ 

90 

72 

«  •  •  • 

63 

38 

■  •  ■  « 

68 

46 

•  •  ■  • 

zoo 

73 

88 

1X0 

70 

95 

67 

30 

65 

40 

65^ 

>  ■  ■  • 

71 H 

28H 

•  •  *  • 

8o 

35 

•  •  •  • 

rrH 

43W 

73H 

70 

40 

70 

67Ji 

30?i 

•  •  •  ■ 

67 

4Z 

•  •  ■  • 

68 

45H 

*  a  •  ■ 

6o 

42 

70 

on  Theater-Dimensions.ft    "The  utmost  distance  from  the  front  of 
•joge  to  the  rear  ought  not  to  exceed  75  ft,  or  the  limit  the  voice  b  capable 
TQuding  in  a  lateral  direction. " 
Measured  from  the  curtain-line,  the  San  Carlo  Theater  in  Naples  b  73  ft;  the 

From  the  curtain  or  back  line  of  proscenium  opening. 

IWCeasured  from  stage  to  center  of  ceiling. 

To  the  "gridiron"  or  rigging-loft. 

Ajs  remodeled  in  1893. 

Can  be  enlarged  to  40  by  40  ft. 

Xbe  plan  of  this  theater  is  in  the  shape  of  a  horseshoe. 

y^e  footnote  with  table  of  Seating  Capacities  of  Churches,  Theaters,  etc.,  page  1654, 

mrd  to  data  relating  to  recently  constructed  baildings  oi  these  types. 

Ftom  The  Plaaaing  and  Construction  of  American  Theaters,  by  Wm.  H.  Birkmire. 
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Dimensions  and  Data 


M 


theater  at  Bologna,  74  ft.  Of  the  London  theaters,  the  Adelpfai  is  74  ft,  C(^ 
Garden  80  ft,  the  Gaiety  53  ft  6  in,  Lancaster  58  ft  4  in,  Marylebone  74  fcii 
the  Globe  47  ft  6  in. '' 

The  width  of  the  ideal  theater,  between  inside  walls,  should  be  froa  jil 
75  ft,  and  "  the  ceiling  should  be  from  55  to  65,  or  even  70  ft  above  the  ^ 
level." 

"The  depth  of  the  parquet-floor  at  the  orchestra-rail  is  governed  bft 
stage-level,  and  is  generally  from  3  ft  6  in  to  4  ft  3  in  below  the  stage.  Adq 
of  3  ft  9  in  is  a  good  height,  as  it  fixes  the  eye  of  the  spectator  5  in  abocc: 
stage-level. " 

"The  height  of  the  stage,  that  is,  from  the  floor  to  the  bottom  of  the  'gii&p 
or  rigging-loft,  should  be  2  or  3  ft  over  twice  the  height  of  proscenium-opoi 
in  order  that  the  fire-curtain  may  be  raised  the  full  height  of  the  optcas 
There  should  be  a  height  of  7  ft  above  the  gridiron  to  enable  the  fly-mento4 
their  ropes  with  facility. 

Proportioning  Gutters  and  Conductors  to  the  Roof-Surface.  Thei 
of  gutters  and  down-spouts  and  their  distance  apart  for  roofs  of  mill-baiA 
with  a  H  pitch  and  of  different  spans  are  shown  in  the  following  table:  * 


One-half  roof-span,  in  feet 

Size  of  gutter,  in  inches 

Size  of  down-spouts,  in  inches . , 
Spacing  of  down-spouts,  in  feet . 


10 

20 

30 

40 

SO 

60 

70 

^ 

5 

5 

6 

6 

7 

7 

S 

1 

3 

3 

4 

4 

5 

5 

6 

f 

SO 

SO 

SO 

SO 

40 

40 

le 

$ 

The  specifications  of  the  American  Bridge  Company  provide  as  UJkmi 
the  size  of  gutters  and  conductors:  t 


Span  of  roof 

Gutters 

Conductors 

Up  to   so  ft 
From  SO   to   70  ft 
From  70   to  100  ft 

6  in 

7  in 
Sin 

4  in  every  40  ft 

5  in  ever^^  40  ft 
5  in  every  40  ft 

Hanging  gutters  should  ha\  e  a  slope  of  about  i  in  in  every  16  ft. 

"The  Produce  Exchange  Building  in  New  York  City,  with  a  rool^ari 
three-fourths  of  an  acre,  roughly  speaking,  has  twelve  leaders,  each  aboat] 
in  diameter.  The  roof,  which  is  paved  with  fire-brick,  is  graded  with  skf* 
perhaps  one  in  fifty  toward  the  points  at  which  the  leader-openings  are  M 
most  of  these  draining-surfaces  being  about  40  by  70  ft  each.  The  peow 
here  made  is  equivalent  to  about  i  sq  in  of  leader-opening  to  140  sq  ft  d* 
surface.  On  the  Sloane  Building,  at  19th  Street  and  Broadway,  XcrS 
City,  with  a  roof -area  of  18  000  or  20  000  sq  ft,  sloping  one  in  twenty-five.* 
are  two  leaders,  each  about  6  in  in  diameter,  and  a  third  rectangular  iol 
4  by  6  in  in  cross-section.  This  gives  an  allowance  of  240  sq  ft  of  surface  Hi 
square  inch  of  leader-opening,  while  on  the  Massachusetts  Ho^tal  Life  U 
ance  Company's  Building  and  the  Hemenway  Building,  in  Boston,  thepropoil 
is  only  from  60  to  70  sq  ft  to  the  square  inch  of  opening.  *'  |  I 


•  H.  G.  Tyrrell. 

t  M.  S.  Ketchum. 

t  Dwight  Potter  in  The  Technokigy  Quartoiy. 
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ELEYATOB-SERTICE  m  BUILDINGS'' 

General  Considerations.  An  efficient  elevator-service  may  be  obtained  by 
Kchines  of  any  one  of  several  types,  the  choice  of  the  one  decided  upon  for  any 
lildiog  depending  upon  varying  conditions.  The  following  is  a  general  dassi- 
ation  of  elevators  (see,  also,  page  1668): 

1.  Hydraulic  elevators: 

(i)  Vertical,  geared  hydraulic  type. 

(2)  Horizontal,  geared  hydraulic  type. 

(3)  Direct-lift  plunger-type. 

(4)  Inverted  (high  pressure)  plunger-type. 

2.  electric  elevators: 

(i)  Drum- type. 

(2)  Worm-gear  traction-type. 

(3)  Helical-gear  type. 

(4)  Gearless,  traction-type. 

(c)  Direct-drive  (one-to-one)  type. 
ib)  Two-to-one  type. 

In  addition  to  these,  there  are  also  the  BELx-DRrvrEN  type  of  elevators,  and  the 
KD-POWER  elevators.  The  belt-driven  type  may  be  either  single-belt  or 
UBLE-BELT  driven,  the  former  being  used  with  a  reversible  motor  and  the 
;ter  where  driving-power  is  taken  from  a  line-shaft.  In  view  of  varying  and 
netimes  conflicting  claims  of  competing  manufacturers,  the  architect's  de- 
ion  must  be  governed  by  impartial  engineering  jud^jment  rendered  after  a 
refill  study  of  the  problem  in  each  case. 

Geared  Versus  Gearless  Types  of  Elevators.  (See,  also,  page  1669.) 
lere  has  been  much  discussion  regarding  the  merits  and  demerits  of  geared 
d  gearless  machines  for  elevators  and  the  efficiency  and  future  of  each, 
anufacturers  of  gearless  traction-machines  have  claimed  that  the  use  of  the 
Ileal  gear,  for  example,  for  elevator-machines,  being  a  relatively  recent  devel- 
ment,  has  not  extended  over  a  sufficient  length  of  time  to  pcimit  of  extensive 
definite  data;  that  they  are  used  for  different  and  less  severe  service  than 
Bit  for  which  the  gearless  traction-machines  are  employed;  and  that  they  can- 
t  rival  the  gearless  traction-machines  from  the  standpoint  of  efficiency.  On 
c  other  hand,  the  manufacturers  of  helical-gear  elevator-machines  claim  that 
Btrs  have  been  in  successful  use  for  many  years,  the  substitution  of  helical 
us  for  worm-gears  being  the  only  difference  made  in  the  application  to  their 
pe  of  elevators;  that  the  helical-gear  elevators  installed  in  some  of  the  highest 
ice-buildings  are  doing  as  much  work  as  any  gearless  traction-machines;  and 
it  the  mechanical  efficiency  of  the  helical-gear  machines  is  only  a  little  below 
it  of  the  gearless  traction,  the  electrical  efficiency  under  local  or  ordinary 
aning  conditions,  greater,  and  the  car-mile  consumption  in  kilowatt-hours,  less. 

Questions  of  Cost  and  Efficiency  of  Elevators.  The  principal  demerit 
elevator-machines  of  the  gearless  type  is  their  relatively  high  first  cost,  al- 
[>ugh  even  that  is  much  lower  than  the  initial  cost  of  elevators  of  the  plunger- 
pe.  The  use  of  any  gear,  whether  of  the  helical,  worm  or  spur-type,  is,  in  the 
inion  of  many  engineers,  to  be  recommended  only  for  the  purpose  of  obtaining 

*  The  matter  relating  to  elevators  and  elevator-service  »  condensed  and  adapted  by 
rmission,  from  data  furnished  by  various  engineers  and  manufacturers,  and  papers 
the  Otis  Elevator  Company,  New  York  City;  The  H.  J.  Reedy  Company,  Cincinnati, 
no;  R.  P.  Bolton  of  The  R.  P.  Bolton  Company,  Consulting  Engineers,  New  York, 
d  author  of  "  Elevator  Service";  C.  E.  Knox,  Conaultisg  Engineer,  New  Yorii;  M.  W. 
irlicb.  Consulting  Engineer,  New  York;  and  others. 
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a  higher-speed  motor,  because  a  higher-speed  motor  costs  less  than  alov-i 
motor.  The  helical  gear  is  generally  considered  a  more  efficient  type  d  \ 
than  the  worm-gear  and  has  a  deserved  place  in  the  development  of  the 
tor-industry.  The  helical-geared  traction-elevators  will  undoubtedly  bci 
tensively  used,  for  the  reason  that,  even  if  they  are  not  considered  b> 
engineers  to  be  as  good  in  some  details  as  machines  of  the  gearless, 
type,  they  are  less  expensive.  It  is  undoubtedly  true,  however,  that  the  i 
duction  of  any  gear  means  some  loss  in  power,  and  it  is  claimed  that  tests  i 
that  low-speed  motors  can  be  designed  which  are  in  every  way  as 
high-speed  motors.  The  data  and  statements  in  the  following  paragraphs  i^ 
ing  to  elevator-service  in  buildings  are  presented  as  useful  aids  to  archited^aj 
include  some  opinions  and  conclusions  which  are  to  be  accepted  or  modifeii^ 
the  light  of  constant  additions  to  engineering  knowledge. 

A.   General  Conditions  Affecting  the  Requirements  of  Spedficatica  | 

for  Elevator-Service  *  i 

Electric  Versus  Hydraulic  Elevators.  The  question  of  the  type  of  dai| 
tors,  whether  electric  or  hydraulic,  is  best  determined  by  the  local  cooditkB^^ 
the  special  conditions  which  exist  in  every  plant.  The  relation  of  the  ekmd^ 
equipment  to  the  entire  mechanical  equipment  should  be  carefully 
and  should  be  decided  only  after  mature  deliberation  and  consultatkni 
unprejudiced  engineers  and  elevator-manufacturers.  At  the  present  time  li 
about  90%  of  the  elevators  being  installed  are  electric,  and  this  indalsi 
types  of  buildings  from  the  small  one  with  but  one  elevator  to  the  till  ^ 
scrapers  of  the  big  cities.  The  electric  equipment  recommends  itself,  for  m 
it  has  all  of  the  safety-features  of  the  hydraulic  equipment,  it  is  a  more  fk^ 
system,  is  more  adaptable  to  all  kinds  of  conditions,  and  requires  much  ksspi^ 
The  question  of  space  is  a  particularly  important  consideration  in  office-baikN| 
Furthermore,  the  control-system  is  more  automatic,  the  accderation  aadictai| 
tion  of  the  car  can  be  made  more  rapid,  and  the  stops  more  accurate;  the  ^ 
ciency,  also,  is  higher  and  in  most  cases  the  cost  of  operation  lower.  (Set  i| 
paragraph  on  Comparison  of  Merits  of  Electric,  Traction  and  Hydraulic,  Ffatf! 
Elevators,  page  1670.)  1 

Location  of  Hoistways  and  Machinery-Room.  The  location  of  the  hil 
ways  is  rather  a  matter  for  the  good  judgment  of  the  architect.  In  thel4l 
equipment  all  elevators  serving  one  portion  of  the  building  and  for  the  afl 
character  of  service,  should  be  placed  in  one  bank  and  not  distributed  or  n 
rate  i.  Thus,  all  express-elevators  should  be  together  and  in  one  bank,  as  m 
also,  the  locals.  The  hoistways  should  be  so  placed  that  the  entrances,  a^ 
stories,  are  on  the  same  side  of  the  car.  In  some  of  the  larger  dties,  tmi 
trances  for  a  passenger-car  are  not  permitted,  unless  the  doors  can  be  cMtrdk 
by  the  attendant  without  leaving  the  operating-device.  The  machincty-B* 
should  be  well  ventilated,  light  and  clean  as  possible,  in  order  that  the  auds4 
may  be  given  proper  attention.  This  room  should  also  be  large  enough  to  wd 
the  machines  readily  accessible  for  repairs  and  inspection.  Where  the  maiisi 
have  heavy  parts,  which  it  may  be  necessary  to  remove  from  time  to  tiaf  ( 
repairs,  it  is  advisable  to  locate  a  trolley-beam  with  hand-hoist  above  that 
facilitate  the  handling  of  these  parts. 

*  The  Otb  Elevator  Company,  New  York,  has  been  of  assistance  in  funushsif* 
of  the  engineering  data  of  Section  A,  of  this  article  on  elevators.  Among  other  i0 
it  considers  especially  those  conditions  which  should  be  conaideied  and  made  d^ 
by  the  architect  preliminary  to  the  preparation  of  the  elevator-apeo'fimtWa  J 
paragraphs  of  Section  A  should  be  read  in  connection  with  those  of  SectJoa  B,  pap^ 
and  the  data  compared. 
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Nimber  and  Sizes  of  Eleyatora.  (See,  also,  pages  1675  and  1675.)  The 
Iber  and  sizes  of  elevators  are  governed  by  the  following  considerations:  (z) 
character  of  the  building,  (2)  the  height  of  the  buHding,  (3)  the  rentable 
,  (4)  the  time-intervals  between  the  departures  of  cars,  (5)  the  number  of 
[es  to  be  served,  (6)  the  average  number  and  length  of  stops  per  trip,  (7) 
speed  of  the  elevators  and  (8)  the  type  of  elevators  used.  No  iron-chtd 
B  can  be  given  for  all  tjrpes  of  buildings,  but  the  larger  office-buildings, 
buildings  or  light-manufacturing  buildings  have  been  sufficiently  regular 
esign  to  warrant  some  general  rules,  based  upon  experience;  even  in  these 
B,  however,  the  governing  conditions  vary  with  the  size  of  the  building, 
of  the  most  essential  requirements  for  a  satisfactory  plant  is  quick  ser- 
;  and  in  first-ciass  office-buildings  the  intervals  between  cars  should  not 
ed  30  seconds.  The  number  of  stories  to  be  served  by  a  car  should  be  a 
iideration.  For  example,  in  a  fifteen-story  building,  assuming  that  stops  are 
e  at  80%  of  the  stories  for  one  passenger  each,  and  allowing  2  sq  ft  for  each 
enger,  and  4  sq  f t  for  the  operator,  the  car  should  have  an  inside  area  of 
It  28  sq  ft.  In  order  to  facilitate  unloading  and  thus  increase  the  efficiency 
le  system,  it  is  desirable  to  have  the  width  of  the  car  greater  than  the  depth, 
be  above  case,  a  car  with  outside  dimensions  of  about  6  ft  wide  by  5  ft  deep 
Id  give  the  best  results,  showing  a  difference  of  from  15  to  20%  between  the 
h  and  width.  In  specifying  the  equipment,  it  is  better  to  call  for  several 
erate-sized  cars  and  a  high  speed,  than  for  a  few  large  cars  of  slower  spee(i 
larger  capacities.  Thus,  three  cars,  each  carrying  one-third  of  all  the  passen^ 
,  are  better  than  two  cars,  each  carrying  one-half,  as  the  service  is  increased 
naking  the  period  between  cars  less.  As  the  elevator-service  largely  deter- 
s  the  success  of  a  building,  it  is  of  vital  importance  that  a  sufficient  number 
evators  be  installed  to  handle  the  regular  traffic,  as  well  as  emergency-con- 
ns in  case  of  a  shut-down.  To  illustrate  what  is  considered  the  proper 
ortion  of  passenger-elevators  for  buildings  of  various  heights,  the  following 
:  is  given,  based  upon  a  rentable  area  of  8  000  sq  ft  per  story  and  125  sq  ft 
person.  This  table  shows  the  various  combinations  for  elevators  with  a 
d  of  from  400  to  500  ft  and  of  600  ft  per  min  for  buildings  of  from  10  to 
Lories  above  the  ground. 


Table  Showing  Number  of  Elevaton  Required 
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tones 

Express 

600  ft  per 

min 

Local 

600  ft 

per  min 

Express 
6coft  per 

min 

Local 

500  ft 
per  min 

Express 

500  ft  per 
min 

Local 

400  ft 

per  min 

10 

4 
5 
6 

7 

I  ton 
5 

All  locals 

8 

I  to  12 
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6 
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per  min 
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IS 
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Express  to  iz 
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Express  to  li 
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20 
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Express  to  Z2 
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Express  to  is 
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Express  to  zi 
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Express  to  14 

6 
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5 
I  to  14 
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Express  to  12 

6 
Express  to  15 

7 

I  to  12 

6 
I  to  15 

7 
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Buildings  equipped  with  both  local  and  expees&^aervicc  should  have  tki 
number  of  elevators  for  each  class  of  service.  In  the  case  of  the  twofin 
story  building  for  600  f t-[^.r-min  speed,  it  is  to  be  noted  that  the  local  cM 
are  shown  serving  from  the  first  to  fifteenth  story,  whereas  the  eiqxesB-de^ 
serve  from  the  fifteenth  to  the  twenty-fifth  story.  The  ezpres»Hdevatas4i 
not  serve  as  many  stories  as  the  locals  on  account  of  the  extra  time  coBSSsd 
the  run  to  the  first  express-landing.  With  the  distribution  as  shown,  Uk  sd 
for  all  stories  is  about  equal,  and  both  express-elevators  and  local  deal 
operate  on  about  the  same  schedule.  In  the  fourth  and  fifth  cohaBi 
shown  what  is  considered  the  best  arrangement  with  the  expres»-cteftf 
operating  at  a  600  and  the  locals  at  a  500  ft*per-min  speed.  Upon  coBpoii 
with  the  second  and  third  colunms,  it  will  be  noted  that  the  express-deai 
are  to  serve  one  additional  story.  This  is  due  to  the  difierence  In  speed  beM 
the  express-elevators  and  local  elevators  and  is  done  so  that  the  scheddka 
still  remain  the  same  for  both.  (See,  also,  paragraph  on  the  Local  and  £j|« 
Round-Trip  Time,  page  1675.) 

Loads  and  Speeds.  The  sizes  of  the  machines  or  hoisting-appintcsi 
determined  by  the  loads  and  speeds.  The  loads  for  passenger-cais  shodJl 
figured  on  a  basis  of  75  lb  per  sq  ft  of  inside  area  of  platform.  The  speed! 
very  important  factor,  as  the  foregoing  indicates.  This  is  usually  BiBftoIl 
local  ordinances,  and  in  New  York  City,  cars  stopping  at  all  stories  are  ocsil 
mitted  to  exceed  a  speed  of  500  ft  per  min.  For  express-service,  in  that  paa 
of  the  shaft  where  no  stop  is  made,  a  speed  of  700  ft  per  min  is  allowed.  U 
NO-STOP  DISTANCE  must  be  at  least  80  ft  or  more.  The  best  companfcstoi 
vator-insurance  will  not  permit  electric-drum  elevators  for  a  speed  modK* 
400  ft  per  min,  whereas  the  gearless,  traction-drive  type  and  the  hydraulic  5P 
are  approved  up  to  the  limits,  as  noted  above.  In  hydraulic  plants  it  is  nece^ 
to  specify  the  number  of  round  trips  per  hour  for  the  entire  elevator-cquipBrf 
This  is  required  in  order  to  determine  an  adequate  ptunping-plant. 

Hoistways.  The  hoistways  should  be  finished  to  plumb-line  dimenssos.! 
that  the  car  running  on  guide-rails  set  to  plumb-line  will  at  all  points  ban  I 
same  clearance.  Supports  should  be  provided  adjacent  to  the  hoistway  fori 
overhead  beams  at  a  distance,  if  possible,  of  at  least  4  ft  from  the  top  of  ^ 
frame  when  the  platform  is  flush  with  the  top  landing.  This  distance  sW 
be  increased  where  possible  so  that  the  car  will  have  ample  dearanctti 
preventing  accidents  due  to  striking  the  overhead  work,  in  case  it  shoaldil 
past  the  top  landing.  The  minimum  clearances  between  the  top  of  the  «< 
frame  and  the  overhead  apparatus  are  usually  limited  by  the  local  buiWbiRp 
lations,  and  these  should  be  consulted.  In  the  case  of  the  elevatois  openfll 
at  a  speed  greater  than  350  ft  per  min,  the  distance  given  above  wodd  prcWl 
have  to  be  increased  in  order  to  comply  with  these  regulations.  A  pit  diodi* 
provided  at  the  bottom  of  the  shaft.  This  should  be  at  least  3  ft  deep,  ui* 
'  is  the  case  with  the  overhead  clearances,  the  depth  is  usually  reg^ted  by  4 
building  regulations,  in  accordance  with  the  speed  of  the  elevator.  THa** 
possible,  the  hoistways  should  be  so  planned  that  the  main  guide-rails  mj* 
placed  at  the  sides  of  the  car.  Supixirts  should  be  provided  at  all  the  floois* 
these  rails,  and  where  the  distance  between  floors  is  greater  than  la  fu  i^ 
mediate  supports  should  be  provided.  The  distance  from  the  sujHiortsioral 
overhead  beams,  to  the  penthouse  or  skylight-roof,  varies  with  the  typeo^* 
stallation,  but  can  be  accurately  obtained  from  the  elevator-manuitctaiff. 

Protection  of  Counterweights.  In  New  York  Oty  the  Bureau  of  BdW 
requires  that  where  the  counterweights  run  in  the  same  shaft  as  the  car,  ti^ 
must  be  protected  with  a  substantial  screen  of  iron  from  the  top  of  the  nits^ 
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It  15  ft  bdow,  except  where  the  plunger-type  or  traction-type  elevator  is 
I 

uildiiig  Laws  GoTeming  Elevator^Installation.  The  Bureau  of  Build- 
V  Borough  of  Manhattan,  New  York  City,  issued  regulations  *  governing 
construction,  inspection  and  operation  of  all  types  of  elevators,  and  the 
ial  attention  of  all  architects  is  called  to  them,  as  they  are  not  only  obligatory 
e,  but  are  excellent  guides  to  practice  at  all  times.  The  foregoing  paragraphs 
intended  to  give  an  Idea  of  what  the  architect  must  consider  and  provide 
t  building  for  the  reception  of  the  elevator-apparatus,  and  what  he  must 
nrmine  in  order  to  enable  the  manufacturer  to  intelligently  design  and  lay 
fais  machinery. 

tandard  Designs  and  Special  Apparatus.  The  specifying  of  apparatus 
pecial  construction  is,  as  a  rule,  not  to  be  recommended.  Standard  designs 
lid  be  used  as  much  as  possible,  as  (i)  they  are  more  apt  to  be  well  designed, 
ed  and  built,  (2)  they  are  undoubtedly  less  expensive,  both  in  initial  cost 
maintenance  and  (3)  repair-parts  may  be  more  easily  and  quickly  obtained 
at  less  cost. 

pacifications  for  Elevator-Installation.  The  specifications  should  include 
I  included  in  the  following  classification. 

[x)  Kinds  of  service  and  number  of  elevators  of  each  service. 

[2)  Maximum  load  wanted. 

[3)  Maximum  qxied. 

[4)  Load  with  maximum  speed. 

[5)  Maximum  number  of  round  trips  per  hour  for  each  elevator. 

[6)  Method  of  control.    For  electric  elevators,  car-switch  control  should 

be  used  for  passenger-service  and  for  all  elevators  for  a  speed  over 
150  ft  per  min. 

[7)  Sixe  of  hoistways  and  area  of  car-platforms. 

[8)  Travel  of  car-platform  in  feet,  number  of  car-landings,  and  number  of 

openings  at  each  landing. 

[9)  System  used.    If  electric,  direct  or  alternating  current,  the  voltage  and, 

also,  the  phase  of  cycles  for  alternating  current  should  be  given.  If 
hydraulic,  the  steam-pressure  or  electric  current  characteristics  for 
the  pump-motors  or  the  water-pressure,  if  the  purchaser  provides  the 
pumps,  tanks  or  other  source  of  water-pressure  supply. 

0)  A  sketcb-elevation  showing  landings,  supports  for  overhead  beams,  space 

for  the  overhead  sheaves,  and  runbys  at  top  and  bottom;  a  sketch-plan 
showing  size  and  shape  of  hoistways,  entrances,  position  of  car  and 
counterweight,  guide^rails,  and  location  of  space  available  for  machines, 
pumps,  tanks,  etc.,  with  reference  to  hoistways. 

1)  Car  and  counterweight  guide-rails,  whether  of  wood  or  steel. 

3)  Supports  for  fastening  the  rails,  character  of  these  supports,  and  where 
and  how  located. 

3)  Value  of  finished  car  or  cage,  that  is,  the  specified  amount  to  be  allowed 

for  each,  the  design  being  subject  to  the  approval  of  the  architect. 

4)  Number  and  size  of  ropes,  if  not  left  to  the  judgment  of  the  elevator- 

contractor.  The  largest  sheaves  possible  should  always  be  required, 
as  this  factor  determines  largely  the  life  of  the  ropes. 

5)  System  of  signals,  that  is,  (a)  annunciators  in  the  cars  with  push-buttons 

at  the  landings,  {b)  XJV  and  down  signals  in  the  cars,  with  op  and  down 
buttons  at  the  landings,  so  arranged  that  a  car  gomg  up  receives  only 

*  PufalUied  ia  the  Keoord  and  Gukfo.  Jubr  s9th,  1911. 
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UP  signals,  and  a  car  going  down  receives  only  down  signalst^ 
signal  being  automatically  reset  by  the  first  car  stopping  at  tke4 
from  which  the  signal  is  given.  This  system  adds  gt^tiy  tsl 
efficiency  of  a  battery  of  elevators,  as  it  avoids  the  coof uaoD  d  m 
than  one  car  answering  a  signal,  or  a  car  going  in  oae  directioa  daffi 
for  a  passenger  going  in  the  opposite  direction.  The  iaalm4 
stories  at  which  each  car  is  to  land  should  always  be  ^teriftfd. 

(id)  Indicators.  Whether  at  the  ground-floor  only,  for  the  ini<HiiBiiM4 
the  starter  regarding  the  position  of  the  cars,  or  at  all  floors.  U 
cators  are  unnecessary  with  the  automatic  signals  last  described,  eq 
at  the  ground-floor,  as  there  is  at  each  floor  an  up  and  down  a^l 
show  the  first  available  car  in  either  direction. 

(17)  Source  of  power.  It  should  be  specified  whether  the  connectioos  «i: 
brought  to  the  elevator-apparatus  by  the  purchaser  or  by  tk  a 
vator-contractor.  If  by  the  latter,  a  sketch  should  be  made  abon 
the  distance,  and  for  the  electric  system  the  specifications  skiuki  sal 
whether  the  wiring  is  to  be  open,  that  is,  on  cleats,  in  moUio^tfi 
conduits;  the  sizes  of  wire,  and  the  switches,  cut-outs,  etc.  Ftfi 
hydraulic  system,  the  size  of  pipe  for  steam-supply  should  be  giw 
The  sizes  of  water-piping  should  be  left  to  the  elevator-contnclor  a 
he  should  be  held  responsible  for  them.  Also,  in  the  case  of  aa  4 
draulic  system  operating  from  street-mains,  the  spedficadoos  shod 
state  by  whom  the  piping  is  to  be  done  and  who  is  to  furnish  the  ns 
meter. 

(x8)  Pumps  and  tanks  in  hydraulic  plants.  These  should  be  fumisbed  h/fi 
contractor.  The  specifications  should  state  whether  the  cipadvi 
to  be  just  ample  to  do  the  work,  or  whether  there  is  to  be  &  resat 
capacity,  with  reserve-units,  to  provide  against  interference  witfa  i 
service  in  case  of  accident  to  a  pump  or  tank,  or  for  future  devaOi 
but  the  sizes  and  design  should  be  left  to  the  judgment  of  a  resposall 
elevator-contractor. 

(19)  Foundations  for  the  machine,  whether  they  are  to  be  provided  bnr  i 

purchaser  or  by  the  contractor. 

(20)  Miscellaneous.     Gratings  underneath  the  overhead  work,  pitpans.  pai 

ing  in  addition  to  the  standard  factory-finish  and  all  items  not  ofl 
tioned  above  are  generally  furnished  by  the  purchaser  under  sepiii 
contracts^  but  this  should  be  dearly  set  forth  in  the  eievator-^ol 
cations. 

Safety-Devices  for  Elevators.  (See,  also,  page  1672.)  Hie  quesdaai 
safety-devices  cannot  be  too  carefully  considered  for  all  elevators,  and  fc 
passenger-elevators  in  particular  only  the  best  and  most  thoroughly  UM 
apparatus  should  be  installed.  Each  car  should  be  equipped  with  tbe  M 
chanical  device  designed  to  grip  the  rails  and  stop  the  car  in  case  it  escsdM 
predetermined  maximum  descending-speed,  either  from  breaking  of  the  cii^ 
or  from  any  other  causes.  This  safety-device  should  be  mounted  opoadi 
car-frame  beneath  the  platform,  and  should  be  operated  by  means  of  a  9^ 
governor  located  overhead.  For  speeds  above  150  ft  per  min,  this  giippiBSI 
the  rails  should  be  done  gradually.  In  New  York  City  the  instantaneous  ffif 
ping  is  not  allowed  above  a  speed  of  100  ft  per  min.  A  switch  for  emecsa^ 
use  should  be  placed  in  the  car  of  electric  elevators.  The  opauaig  of  ^ 
switch  should  stop  the  car  immediately  and  independently  of  the  tegular  op* 
ating-device.  All  dectric  elevator-machines  should  be  equipped  with  an  dedl 
brake.    This  brake  should  be  automatically  applied  when  the  car  stops  or  w 
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t  current-supply  is  interrupted.    The  brake  should  be  released  electricaUy  and 
)2ied  by  means  of  spring-pressure.    Automatic  limits  should  be  placed  at 
top  and  bottom  of  the  hoistway,  to  automatically  slow  down  and  stop  the 
at  the  limits  of  travel,  independently  of  the  operator. 

jearlesa  Traetioa-EleTatort.*  Among  the  more  recent  developments  of 
elevator  industry  is  the  electric,  gearless^  traction-elevator  (Figs.  1  and  2). 
e,  also,  Fig.  5.)  The  designing  of  an  efficient  slow- 
ed motor  made  it  practical  to  build  a  traction-machine 
fa  the  driving-sheave  mounted  directly  upon  the  arma- 
.  ture-shaf t,  thus  eliminating  the  use  of 
gears  to  reduce  to  the  desired  car- 
speed.  This  gearless  machine  is  used 
for  speeds  from  250  ft  per  min  and 
above.  The  manufacturers  of  this 
type  of  machine  claun  that  it  is  the 
outcome  of  a  general  tendency  toward 
simplicity  in  design  with  efficiency  in 
operation.  The  machines  are  gener- 
ally located  over  the  hatchway.  The 
car  is  supported  by  cables  which  lead 
from  the  car  directly  over  the  driving- 
sheave,  with  overhead  installation, 
then  partially  aroimd  the  auxiliary 
idler  or  leading-sheave  and  again  over 
the  driving-sheave  to  the  counter- 
weight. With  this  arrangement  a 
complete  turn  around  the  driving- 
sheave  and  the  idler-sheave  is  ob- 
tained, giving  sufficient  tractive  effort 
to  drive  the  car.  The  machine  being 
placed  overhead,  the  cables  can  lead 
directly  to  the  car  and  counter- 
weights; and  as  this  allows  the  cables 
bend  in  the  same  direction,  it  is  claimed  by  the  manufacturers  that 
s  an  advantage  and  that  the  life  of  the  cables  is  appreciably  lengthened. 
xJal  hitches  are  used  for  connections  to  the  car  and  counterweight  to 
interact  the  twisting  effort  due  to  the  reaving  of  the  cables.  As  soon 
either  the  car  or  counterweight  is  obstructed,  the  tension  in  the  cables  is 
reased  and  consequently  the  tractive  effort  reduced.  This  arrangement, 
s  claimed,  brings  either  the  car  or  counterweight  to  rest  and  prevents 
iiing  by  the  limits  of  travel,  and  into  the  overhead  beams,  should  either 
tnber  land  on  the  buffers  at  the  bottom  of  the  shaft.  Underneath  both  car 
I  counterweight  are  placed  oil-buffers  designed  to  bring  the  car  or  counter- 
ght  to  rest  at  the  limits  of  travel,  from  full  speed.  At  the  top  and  bottom 
;he  hatchway  the  car  is  stopped  automatically  by  a  series  of  electric  switches, 
e  operation  of  these  switches  is  so  timed  that  the  car  is  brought  to  a  smooth 
[  gradual  stop.  The  slow-speed  shunt-motor,  with  its  control,  makes  a  flex- 
i  system.  The  acceleration  and  retardation  may  be  arranged  to  suit  the 
ticular  service-requirements.  For  speeds  below  450  ft  per  min,  it  is  the  prac- 
i  to  obtain  the  slow  speed  by  passing  the  cables  around  sheaves  mounted  in 

For  full  and  valuable  data  relating  to  the  relative  advantages  of  the  helical-gear 
fnUm  as  compared  with  those  of  the  traction*type,  see  papers  published  by  the  H.  J. 
idy  OnDpaay,  Cindnnati,  Ohio,  and  others  advocating  the  geared  machines.    Editor. 
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the  cross-head  of  the  csr  and  of  the  countenret^t,  aad  oncborinK  [be  cM 
the  cibles  at  the  top  of  Che  boistway.  These  sheaves,  with  their  baU  boal 
are  specially  made  to  withstand  the  lieavy  Krvice  to  which  they  are  nbjiai 
In  addition  to  the  aljave  details,  elevaCoisof  this  type  should  be  provided^ 
all  of  tlie  Fegula.r  laiely-devices  used  with  passenset-elevatois. 

Elsctrjc  ElentoTB  with  Ptuh-Batton  Control.  One  of  the  raoit  ingaia 
and  serviceable  developments  in  the  elcvatDt-industry  i>  that  of  Che  luta^ 
electric  elevator  with  push-button  control.  In  New  York  City  thistjui 
elevator  is  permitted  only  in  residences,  but  in  other  cities  it  is  vaed  ia  i^ 
menCs.  hospital;,  and  oCher  places  where  Che  service  is  very  light  andintennmsi 
and  it  is  desired  to  dispenw  with  an  attendant.  In  the  design  of  these  rlmB 
it  has  been  the  aim  (o  provide  all  safety-devices  and  appliances  to  make  1k> 
stallation  absolutely  safe,  so  that  the  elevators  may  be  operated  even  bj'  idl 
alone,  without  danger.  In  each  story  is  located  a  button,  similar  in  tppacm 
to  Che  ordinary  signal-buCCon.  and  the  passen^r,  by  pressing  this,  may  aDl 
car,  if  it  is  unoccupied  or  not  in  me,  to  any  story.  The  car  comes  Co  tta  M 
aC  which  ic  is  required,  and  stops  automatically.  When  it  comes  to  test  bi 
story,  the  entrance-door  to  the  hoistway  is  automatically  unlocked,  inl  i 
then  possible  for  the  passenger  to  open  the  door  and  the  car-gate,  and  am  i 
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car.  The  hoistway-gates  and  the  car-gate  are  so  arranged  that  the  midisi 
moperitive  until  both  are  tightly  closed.  The  hoistway -doors  can  be  (*<■ 
from  a  hall,  only  when  the  car  la  al  the  landing  of  that  particular  ball.  !■! 
car  is  a  bank  of  buttons  corresponding  to  the  various  stories  served,  and* 
a  stop-button  or  emergency-button.  After  entering  the  car,  and  cloanl  * 
hatchway-door  and  the  car-gate,  the  passenger  can  push  the  buttoa  'a  i 
car  corresponding  to  the  story  to  which  he  desires  to  go.  The  car  will  pM* 
to  the  deagnaCed  sCory  and  stop  automatically.  Should  the  passenger  Je* 
for  any  reason,  to  stop  the  car  at  any  point  of  its  travel,  he  can  do  hi  by  ptIM 
the  stop  or  emergency-button.  The  car  is  in  Che  complete  control  of  tit  ^ 
Benger,  aa,  after  the  initial  operation  of  calling  or  sending  it  to  a  lanfiot^ 
further  operation  cannot  be  interfered  with  until  after  both  the  hatchnHj 
and  the  car-gate  arc  opened  and  closed.  This  means  that  no  other  p«wi  J 
call  the  car  until  afler  the  passenger  has  reached  the  desired  iandiog.  W<4 
car,  and  dosed  the  gate  and  door.  In  some  equipments  for  elevators  of  tlra  M 
the  device  lor  releasing  the  door-lock  Is  prevented  from  operating  while  iM 
u  b  motion.    This  is  a  very  deniable  safeCy-fntuie,  u  othernsE  cH^  ■ 
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mporarily  released  as  the  car  passes  up  or  down  the  hoistway,  and  a  person 
I  landing  can  open  the  door  during  the  momentary  period  that  it  is  unlocked, 
ome  cases  the  gate  on  the  car  is  omitted;  but  this  is  a  very  dangerous  prac- 
and  should  not  be  permitted.  Elevators  of  this  type  are  designed  for  oper* 
1  with  direct  current  or  alternating  current,  and  single  or  multiphase 
lits.  Single  phase  should  be  avoided,  if  possible,  and  before  deciding  upon 
type  of  current,  the  consent  of  the  electric  power  company  should  be  ob< 
id  for  placing  upon  their  lines  a  motor  with  the  heavy  inrush  of  current 
ired  at  starting. 

tandard  Relations  of  Hatchway,  Platform  and  Car-Sizes.  (See,  also, 
•  1675.)  In  Figs.  3  and  4  are  shown  some  typical  elevator- layouts  for 
ric  installations,  with  side  and  comer-posts  and  steel  construction.  (See, 
Fig.  7.)  The  clearances  shown  are  for  elevators  traveling  at  a  speed  of 
ft  per  min  or  more,  and  may  be  reduced  about  i  Vi  in  for  elevators  of  slower 
d.  Some  of  the  minimum  dimensions  given  with  Figs.  3  and  4  vary  slightly 
.  those  given  with  Fig.  7  and  in  Table  D,  page  1676,  but  agree  in  the  essen^ 
requirements. 

B.  Electric,  Passenger-Eleyator  Systems  *  . 

!erator-Developme]it.  The  object  in  view  in  presenting  this  material  13 
:o  diy"*»  all  the  details  of  elevator-construction  or  the  mechanical  features, 
to  outline  the  results  of  a  study  in  connection  with  the  economic  division  of 
•nger-elevators  and  an  efficient  elevator-service  for  the  traffic  of  the  modern 
nercial  or  distinct  type  of  office-building.  The  requirement  of  such  build- 
is  a  very  ample  and  adequate  elevator-service,  not  only  because  the  mon- 
r  value  of  the  building  may  otherwise  be  affected,  but  in  time  of  necessity, 
iring  a  fire  or  other  panic,  the  occupants  must  be  readily  brought  to  safety. 
ng  the  early  development  of  the  sky-scraper  the  necessity  for  a  proper 
itor-service  was  partly  overlooked,  and  perhaps  not  altogether  realized,  for 
:  of  the  older  buildings  suffer  from  a  lack  of  traveling-facilities,  resulting 
i  inconvenience  to  the  many  occupants.  The  tenants  of  the  upper  stories 
herefore  obliged  to  wait  on  the  up  trip  of  the  elevator,  and  the  people  occu- 
lt the  lower  portion  of  the  building  are  left  behind  on  the  down  trip. 

le  Extensive  Use  of  Elevators.  To  fully  indicate  the  extensive  use  to 
1  the  elevator  has  been  adopted  for  passenger  traffic  in  large  cities,  the  in- 
e  oC  the  Borough  of  Manhattan  of  New  York  City  is  given.  There  were 
14  about  xo  000  machines  in  service,  twice  the  number  that  were  in  oper- 
in  1 904*  And  these  were  divided  among  the  different  classes  of  buildings 
kzimately  as  follows: 

5  000  elevators  in  office-buildings  over  10  stories  high. 
X  500  elevators  in  office-buildings  under  10  stories  high. 

500  elevators  in  loft-buildings. 

700  elevators  in  residences. 

800  elevators  in  apartment-houses. 

500  elevators  in  department  and  other  stores. 
I  000  elevators  in  hotels,  clubs,  institutions,  etc. 

be  matter  in  Section  B  of  this  article  on  Elevators  is,  by  permissioa,  condensed 
iapted  from  data  contained  in  papers  by  M.  W.  Ehrlich,  consulting  engineer.  The 
i  first  appeared  in  the  April.  May  and  June,  19x4,  issues  of  Electrical  Engineering, 
Lterwards  were  published  in  condensed  form  in  Lefax,  by  the  Standard  Corpora- 
t  Philadelphia.  Section  B  includes  a  brief  outline  of  elevator-development,  some 
nic  considerations  and  some  {nstallation-data,  and  the  paragraphs  of  this  Section 
be  read  in  connection  vrith  those  of  Section  A,  page  1580,  and  the  data  oompaNd. 
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Two  CoBUBOD  Ttp«i  of  Blaratora.  In  ntodern  clevatDr-pnOb  I 
ue  but  two  common  types  of  successful  machines  in  use,  the  hydnabi:  ct 
trie  elevators.    These  msy  both  be  sidxtivided  in  the  c' 
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Fig.  S.    Some  Type*  uul  VnneliM  ol  Elr.'Btora  ( 

the  mode  ol  drive  or  operation  and  the  tianEiniis^on  of  power,  theretn  M 
apparent  variety  of  elevators.  The  niacbine  at  the  hydraulic  lypcH 
=-1 


indthetransn 
.The  macbii 
of  the  verlical-cylinder  pattern  or  of  the  plunger-type,  whUe  the  elecuiall 
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types  and  varieties  are  illustrated  in  Fig.  5.    (See,  also,  Figs,  i  and 
and  general  classification  on  page  1651).) 

A  Sborl  HistoricAl  AccouDt  of  the  DBvelopment  of  the 
PaMai(ar-BI«TAtor  brings  one  back  a  littk  man  than  half  a  0 
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!oduction  of  the  first  steam-elbvator.  This  form  of  drive  was  soon  replaced 
the  VVATEB-BAI.ANCE  type  of  hydraulic  elevator,  which,  even  though  a  faster 
iiine,  proved  to  be,  in  operation,  quite  dangerous.  For  a  number  of  yeara 
type  enjoyed  the  distinction  of  being  the  only  high-speed  apparatus  until 
advent  of  the  vertical-cylinder  hydraulic  elevator,  about  twenty 
Rs  later.  Running-speeds  as  high  as  400  ft  per  min  were  readily  attained, 
on  account  of  the  ease  in  handling  and  the  safety  in  operation,  these  ele- 
>rs  soon  gained  favor  and  were  the  only  types  of  machines  installed  in  the 
I  tall  buildings.  The  electric  drum-machine  made  its  first  appearance  in 
r  York  during  the  year  1889,  and  owing  to  the  merits  of  this  new  system, 
electric  machine  soon  established  itself  as  a  successful  competitor  with  the 
raulic  type.  The  only  obstacle  remaining  was  to  overcome  the  slower 
d,  and  this  brought  out  the  Sprague  long-screw  electric  elevator. 
rators  of  this  type  proved  quite  costly  to  maintain  and  operate,  but  on 
unt  of  their  possibilities  of  speed  and  high  rise,  were  instsdled  in  several 
structures.  These  different  types  of  elevators  helped  considerably  in  the 
Jopment  of  the  sky-scraper  buildings,  and  as  further  building  projects 
ight  on  an  extension  in  height,  a  hitherto  unknown  condition  of  passenger- 
itor  service  had  to  be  met.  About  the  year  1900  the  direct- acting 
VGER  hydrauuc  ELEVATOR  was  introduced  to  fulfil  this  increasing  demand 
mtinued  high  rise  with  high  speed.  The  inherent  safety  in  operation  and 
relatively  high  economy  allowed  for  no  doubt  as  to  the  possibilities  of  the 
rcBR,  but  after  several  years,  experience  pointed  out  that  the  advantages 
[ie  hydraulic  plunger-elevator  were  somewhat  limited  in  certain  directions, 
only  under  conditions  of  a  rise  not  exceeding  150  ft  could  the  character- 
I  of  the  safe  and  economical  plunger-elevator  be  maintained. 

imct&on'  and  Geared  Blevaton.  (See,  also,  page  1659.)  Recent  expen- 
ds conducted  to  perfect  an  electric  elevator  that  would  meet  the  growing 
Irements  of  heavy  passenger  traffic  in  the  newest  form  of  tall  office-build- 
have  resulted  in  the  production  of  what  is  now  commercially  known  as  the 
TO-ONE,  or  GEARLESS  TRACTION-ELEVATOR.  Among  the  earliest  New  York 
Uations  of  this  type  of  electric  elevator  may  be  named  those  in  the  Singer 
ling  and  Tower,  and  later  those  in  the  Metropolitan  Building  and  Tower, 
i  the  latest  developments  include  the  Woolworth  and  the  Equitable  Build- 

The  apparatus  used  in  the  Municipal  Building  is  one  in  which  the 
lines  are  an  adaptation  of  the  usual  double-worm-and-gear  drive  between 
itively  high-speed  motor  and  a  cable-drum,  a  double  set  of  intermeshing 
gears  being  employed  between  the  two  gear-shafts.  In  summarizing,  it 
t  be  well  to  mention  that  the  commercial  or  useful  life  of  an  elevator  and 
«nbined  mechanisms  seldom  exceeds  fifteen  years,  and  that  where  remod- 
has  been  resorted  to,  the  electric  drum  and  worm-gear  traction  have 
ly  been  substituted  for  the  hydrauuc  type  in  buildings  not  exceeding 

twelve  to  sixteen  stories  in  height;  and  that  in  higher  structures  the 
!ss  traction-elevator  or  its  modification  in  the  form  of  an  electric  two- 
lE  TRAcnoN-ELEVATOR  has  been  resorted  to. 

Petjr  of  Electric  and  Hydraulic  BleTatore.  (See  page  1664.)  It  is 
liowever,  that  both  the  electric  and  hydraulic  types  of  elevators  have 
perfected  to  a  state  of  high  efficiency,  and  they  may,  therefore,  be  used 
eotire  safety.  Of  the  hydraulic  types  it  may  be  said  that  the  plunger- 
ors  are  inherently  safer  than  those  which  are  suspended,  or  than  even  the 
naodem  dectric  traction-elevators;  but  it  cannot  be  denied  that  the  many 
nents  and  improved  appliances  attached  to  elevators  of  the  various  electric 
have  made  the  latter  aa  reliable  as  hydraulic  machines  designed  according 
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to  beat  pnctice.  It  U  cUiaud  that  Cbe  ekctric  tracdon-clevaior  k  tM 
free  from  tbe  dement  o(  dangtr  becBUne  of  the  impraved  metbuds  oi  v 
transmuson  and  the  peculiar  form  ot  windings  used  for  the  drive. 

Compuiion  of  Merits  of  Electric,  Triction,  and  Hydraulic  Fla 
EliTltorB.    to  narrowins  down  the  quMtion  u  to  the  nTerils  of  thf  el  ~ 
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lervice  in  tail  office-buildings  of  to-day,  it  might  be  well  b 
elevator-installations,  almost  without  exception,  have  faii'oreil  Ibc  eb 
Not  only  is  the  cost  of  installing  the  trEction-machine  from  15  to  js^  I™' 
that  of  the  plunger-type,  but  the  room  occupied  by  the  driving-nuilMa 
reduced  to  a  minimum,  and.  as  a  matter  of  fact,  may  be  placed  at  the  lioJ 
directly  over  the  elevntor-shaft.  If  no  local  supply  of  electricity  ii  itiM 
the  premises,  the  public  source  may  be  morted  to.  The  diSculij  •il 
plunget-elevator  lor  high-rise,  high-speed  work  lies  in  the  requircnifiil  kf  1 
ing  the  mass  of  water  and  the  massive  plunger  proper,  and  as  tfaii  iia 
weight  cannot  be  Teadlly  and  smoothly  stopped,  the  result  is  a  slunnlw 
starting  and  stopping.  At  any  rate,  it  remains  an  open  question  as  to  •»< 
the  economic  values  attached  to  modem  baildings  would  fat-or  tbe  iooii 
of  the  plunger-elevator,  with  its  accompanying  pum ping-plant,  wlijci  ■ 
aarily  occuiMei  considerable  floor-space.    The  choice,  tbereforr.  wdoW  to 
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RelatlT*  Operatiiig-CaitB  of  naratan.    The  figures  givm  ia  TiU 

may  prove  of  interest  in  pointing  out  the  relatively  higher  operating-aMs^ 

ELEVATORS.  The  volucs  given  represent  only  the  cost  of  lalwr,  power,  14 
and  supplies.  By  a  clow:  perusal  of  the  amounts  listed,  it  will  be  coaU 
that  the  economies  of  the  plunger  cannot  be  utilized  benefidalty  in  tJ  ■ 
buildings,  on  Hccount  of  the  OKidunitBl  dificmkieB,  and  in  atfaB-tn"*^* 
buildings,  allowing  for  a  low  rise,  the  installation  cost  becomei  aiMn^\ 
the  relatively  high  Srst  coat  of  this  type  of  machine  were  taken  iota  mm) 
tion,  with  an  addition  for  the  enta  cost  in  buiiding-conatructioD  >eca>l 
the  space  occupied  by  the  pump  and  tank-equipment,  the  total  i.«MUiii^ 
the  whole  would  show  no  great  favor  either  way.  In  expluning  tkcil 
given  in  Table  A.  it  should  be  understood  that  the  6gum  are  coopool) 
baiii  of  actual  lecorda  of  aeveial  buildiogt  that  bav«  bean  bnN«lit  M  tktri 
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c  The  gaxnd  method  of  compuinc  recoids  in  busoeo  buitdlnn  is  to 
are  the  cqUk  with  the  total  Baniul  income  or  iCDtal.  The  total  opei- 
-costs  include  the  expenie  in  the  mechanical,  electtital  and  buildhig 
rtroents,  covering  all  coUs  ol  laboi  and  material  for  the  ""'">"■"""  oi  Che 
«nt  divisions  of  EervJce.  Therefore  the  annual  cost  of  opeiatin^  an  ele- 
r-^stem  is  given  as  a  percentage  of  the  gross  rentals  received,  and  is 
er  stated  as  a  percentage  of  the  total  opciating-eipenditute  of  the  build- 
Under  considetatJOD.  The  average  cost  in  ceots  per  cac-mile  traversed  is 
given,  together  with  the  average  annual  cost  in  dollars  to  pay  for  tiie 
'  of  operating  and  repairing,  the  necessary  power,  and  the  material  and 
lies  required  per  ungle  devator. 

lonomic  Conalderatioas.  The  efficient  r^ieratfoa  ol  an  dcvatoi-system 
not  rest  altogether  on  the  economic  division  and  di^wsition  of  the  cars,  aa 
lutnan  element  becomei  one  of  the  main  factor*.  It  is  self-evident,  there- 
tbat  the  service  of  an  elevator  is  limited  not  only  by  the  different  classes  of 
mgera  eotering,  riding  and  leaving  the  ctmveyaoce,  but  by  the  experience 
te  baUmoB  or  siAarca  and  his  ability  to  undentand  the  demands  of  the 
c  and  the  pcnanol  peculiarities  of  the  elevabx-operators. 
H*-Sch«dll]M.  It  is  DOW  common  practice  to  dispatch  the  various  ma- 
S  of  on  devatcr-flystmi  on  a  prcdatetmined  time-Kheduie,  thus  avoiding 
great  extent  any  conftuioii  ot  OTCKiowding  that  would  otherwise  arise. 
IS  been  well  eftalriisbed  that  the  travel  o(  elevators  under  consecuclve-trip 
lule-op«E*tion  attow*  tor  a  Ughiy  e&cicnt  lenrice,  not  only  m  the  handling 
e  traffic,  but  is  the  HiijiiH  for  power,  which  is  thereby  reduced  to  a  mfo- 
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wer-Diagrami.    The  Power-diaokams  (Fig.  6)  point  to  the  effect  of  a 

and  a  pioper  service  under  different  conditions.  The  upper  curve  (a)  vat 
I  under  test-conditions  and  repreients  tlie  operation  of  one  elevator.  The 
to  the  single  car  is  approximately  equal  to  the  designed  maciune-balance, 
on  the  up  and  down  trips,  and  the  number  of  stops  cotreqxinds  to  the 
ge  per  car  per  mile  under  actual  service  in  oSce-buildingi.  This  ditgrain 
en  mainly  to  allow  for  a  proper  understanding  of  the  combined  curve  (b), 
lug  the  actual  round-trip  operation  ot  a  bank  of  elevators  in  one  of  the  New 
sky-scraper  buildings  at  an  early-momiog  hour.  The  full  or  lolid-liM 
'  shows  an  excessive  power-demand  due  to  an  inconiii 
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cars  having  been  dispatched  by  a  starter  who  may  be  identified  as  X,  wil 
dotted  or  broken-line  curve  shows  the  more  expert  handling  under  the  oaud 
trips  by  starter  F,  the  same  operators  running  the  cars  in  each  case. 

Safety-Appliances.  (See,  also,  page  1664.)  To  minimize  the  vassi 
dents  in  elevator-practice,  a  sapety-lock  is  recommended,  so  attackd  A 
will  not  permit  the  elevator  to  leave  a  landing  until  the  gate  has  bees  4 
Accidents  are  seldom,  if  ever,  due  to  the  faulty  behavior  of  the  devatorff 
but  sometimes  the  breaking  of  suspension-ropes,  as  recorded  by  a  rdatittli 
cases,  will  result  in  a  serious  accident.  The  most  frequent  cause  of  ad 
connected  with  the  operation  of  elevators,  is  that  due  directly  to  tbei 
gence  of  the  operator  in  handling  the  doors  or  elevator-gates,  and  this  i^ 
avoided  by  the  installation  of  the  safety-locks  above  recommoded.  Si 
as  has  been  practically  demonstrated,  many  of  the  safety-appliances  a 
older  installations  deigned  to  stop  a  falling  ele^'ator  have  usually  failed  ta 
but  the  improved  wedge-t5rpe  of  jaw-safety,  actuated  by  a  speeihaW 
and  attached  to  the  more  recent  installations,  usually  acts  when  the  dfl 
exceeds  its  normal  running-speed.  This  generally  occurs  when  the  desgi 
safe-distance  limit  has  been  passed,  and  the  jar  occasioned  by  the  fiatl  stag 
of  the  car  is  not  altogether  a  pleasant  experience.  The  aeiioas  iqjois 
fatalities  due  to  the  falling  of  an  elevator  are  piopiortionately  small  iriiai 
pared  with  the  entire  list,  and  amount  to  about  20%  of  the  total,  vheni 
loss  of  life  caused  by  open  and  unlocked  gates  in  elevator-practice  I 
accounts  for  the  remaining  80%.  The  on^  safety*devioe,  therdoR;  tM 
be  called  useful,  as  it  eliminates  the  personal  element,  is  a  SAiEiT-ux£ 
the  several  automatic  devices  now  available  for  this  provision  of  safety,' 
serve  merit;  and  while  some  are  purely  mechanical,  others  are  actntdi 
trically,  and  only  by  the  installation  of  such  automatic  locks  will  umxEd 
elevator-accidents  be  avoided. 

Signal-Systems.  A  sigkal-system  is  essential  to  an  efficient  serrioe.  A 
matic  electric-light  indicators  at  the  different  landings,  with  a  neds 
indicator  on  the  ground-floor  or  street-landing,  will  be  found  faigUiy  fH 
even  though  not  the  simplest.  Briefly  described,  the  systeai  b  ctgofBai^ 
dynamotor  supplying  current  for  the  magnets,  push-buttons  and  bofs 
each  landing  one  or  more  sets  of  push-buttons  are  arranged  for  both  the  1? 
DOWN  signal,  and  over  each  elevator-gate  two  lamps  of  different  color,  ooei 
another,  to  indicate  the  direction  of  car-travel;  and  each  elevator-cu  i^' 
provided  with  a  signal-lamp  and  a  transfer-switch  or  push-button.  A  ■» 
ical  indicator  on  the  main  landing  informs  the  starter  as  to  the  loatiotv 
different  elevators,  and  thereby  aids  him  in  exercising  full  discretioD  astii 
to  dispatch  the  next  car.  The  general  system  operates  in  a  manner  if|l 
mately  as  follows:  When  a  push-button  is  pressed  for  either  directioos 
story,  it  actuates  a  magnet  corresponding  to  that  story,  which  in  tom  4 
to  the  operator  in  any  approaching  car,  thereby  indicating  a  waiting  F>^ 
and,  according  to  the  movement  of  the  elevator,  further  contact  b  njai' 
the  outside  signal-lamps  at  that  story  showing  to  the  waiting  persoa  tk 
approaching  that  floor.  In  a  properly  proportioned  elevator-system  the* 
fer-switch  is  seldom  used,  but  in  buildings  in  which  the  travel  becomes  oroS 
during  the  rush-hours,  and  when  an  approaching  car  is  filled  to  its  capi 
the  operator  may  press  the  transfer-button  and  thereby  agnal  the  car  foS^ 

Trafllc-Capftcity  of  Elevators.  The  traffic-capacity  of  an  elc"* 
its  passenger  accommodations  must  necessarily  be  of  such  profJ'J^'^M 
handle  the  travel  of  the  tenants  of  the  building  and  also  of  their  visftfloij 
sure  a  proper  working  schedule.    From  a  study  of  existing  ^"stems  in  w 
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"ator-service  is  considered  adequate,  it  is  found  that  the  questions  of  build- 
<x:cupANCY  as  related  to  building-area  and  elevator  traffic-capacity 
f  be  combined  into  a  consideration  of  a  proper  unit  area  for  the  elevator, 
egard  to  the  determination  of  the  maximum  traffic-capacity  of  a  passenger- 
'ator,  experience  shows  that  an  average  weight  of  140  lb  may  be  allowed  for 
1  passenger,  and  as  each  size  of  car  has  its  corresponding  load  at  the  rated 
id,  the  total  load  divided  by  140  gives  the  maximum  number  of  passengers  an 
ator  can  accommodate  at  its  designed  speed.    In  another  simple  computa- 

for  this  result,  an  allowance  of  2  sq  ft  of  car  is  made  for  each  passenger.  The 
imum  capacity  of  an  elevator  may  be  of  interest  in  computing  the  time  re- 
ed to  empty  a  building  in  case  of  emergency;  but  when  a  car  of  proper  unit 

is  installed,  this  condition  is  taken  care  of.  Tests  have  shown  that  the 
RAGE  PASSENGER  TRAFFIC  of  an  elevator-system  bears  a  definite  relation  to 
rENANCY  of  the  building,  and  to  the  maximum  travel,  the  result  being  that 
essed  in  Formula  (6). 

umber  of  Elevators.    (See,  also,  page  z66i.)    Modem  practice  tends  to 

I  that  the  number  of  elevators  required  for  any  office-building  is  really 
med  by  the  physical  aspects  and  conditions  of  that  building.  Wherever  it 
>t  practicable  to  use  a  car  of  large  area,  the  number  required  will  certainly 

II  excess  of  that  necessary  when  large  cars  are  used.  It  is  not  advisable, 
efore,  to  base  any  conclusions  on  the  number  of  cars  to  adequately  satisfy 
rtain  condition,  unless  the  unit  area  of  the  car  is  considered. 

>c«l  and  Ezpreas-Elevators.  Another  important  consideration  is  the 
don  so  common  in  high-class  office-buildings,  namely,  the  proper  service  of 
\L  and  EXPREss-elevators. 

xnnulas  for  Elevator-Senrice.  The  formulas  given  below  are  well  sub- 
tiated,  and  give  economical  service-conditions  based  on  existing  systems  in 
arger  cities  of  the  United  States.  By  these  formulas  the  number  of  eleva- 
required,  the  division  of  service,  and  their  operation  may  be  determmed. 

E  -  /I/24000  (i) 

/-n/2-H2  (2) 

Te  -  (2s/j  -H  5/100)  n  and  Tl  -  (25/5  -f  //lo)  n  (s) 

^«  -  2  n/j  Te  and  Ml  -  2  w/y  Tl  (4) 

Ce- ii5n/ioo7'c  and  C/- ii5«/ioor/  (s) 

pt  -  300/ re  and  ^  -  soo/Tl  (6) 

notations  in  the  formulas  are: 

E  —  number  of  elevators  required 

A  ~  square  feet  of  gross  building-area  served 

/—  story  at  which  express-run  terminates 

11  «■  total  number  of  stories  served 

s  ■■  speed  of  elevator,  in  feet  per  minute 
Tl  —  local  round-trip  time,  in  minutes 
Ve  »  express  round-trip  time,  in  minutes 
I//  -•  miles  traveled  per  hour  by  local 
ie  —  miles  traveled  per  hour  by  express 
d  -  current  consumed  per  hour  by  local,  in  kilowatt-hours 
Cc  -  current  consumed  per  hour  by  express,  in  kilowatt-hours 
pi  -  passengers  carried  per  hour  by  local,  one  way,  up  or  down 
pe  —  passengers  carried  per  hour  by  express,  one  way,  up  or  down 

le  6gures  in  Table  B  represent  the  average  load  and  speed-combinations 
iriouB  heights  of  buildings,  together  with  the  usual  area  of  the  elevator- 
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CAA  consistent  with  the  standard  sizes  manufactured,  and  should  be  "ad 
basis  for  selecting  the  proper  unit  areas  in  connection  with  FormuU  U=- 
many  factors  entering  into  the  operation  of  an  elevator  would  affect  the  cc 
consumption  to  a  considerable  extent,  as  may  be  seen  in  Fig.  6,  pit\i»s^ 
plained.  But  Formula  (5)  agrees  with  modem  service  under  average  opes 
conditions. 


Table  B.    Unit  Area,  Load  and  Speed-Combinattons 


Number 
of  stories 

Car-area, 
sqft 

Load, 

lb 

Speed, 
ft  per  min 

8  to  13 
14  to  22 
23  to  30 

2S 
30 

40 

I  700 
2000 
3000 

25010350 
350  to  600 
400  to  600 

Table  C.    Elevator-Iiistallation  Data 


Building 

Number  of  elevators  required 

•     Number 
of  stories 

1 

Gross  area, 
sqft 

Total 

car-area. 

sqft 

Cars 
at  25 

sqft 

Cars 
at  30 
sqft 

Cars 
at  ^ 
sqft 

( 

FOCBDIS 

>            8 

80000 

89 

4 

i 

xo 

xooooo 

III 

4 

4 

" 

120000 

133 

5 

1   

5 

14 

210  000 

262 

IX 

9           

9 

16 

240000 

300 

12 

10 

IS 

18 

270000 

337 

14 

XI 

n 

20 

300000 

375 

15 

13 

10 

Q 

25 

375000 

577 

19 

15 

rf 

30 

800000 

I  221 

40 

30 

3 

Number 
of  stories 


8 
10 
12 

14 
16 
18 
20 
25 
30 


8 


10 


II 


Round  trip  time  in  minutes 


I 


Tl  at  350  ft 
per  min 

1.3 
1.7 

2.0 

2.4 

2.7 


Tl  at  500  ft 

per  min 


r 


2.1 
2.4 
2.7 
3.0 


T*  at  500  ft 
per  min 


1.6 
1.8 
2.0 

2.5 

3.0 


Te  at  600  ft  I 

per  min 


M 


/« 


in 


» 

It 

z.S 

a 

2.3 

n 

2.7 

Tt 
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Installation-Data.  In  order  to  fiadUtate  the  ready  understanding  of  the 
rious  formulas  given,  Table  C,  embodjring  the  computations,  is  presented, 
le  various  headings  included  are  numbered  in  respective  order  from  i  to  12, 
that  an  explanation  of  the  items  considered  will  not  be  confusing.  Under 
lumn  I  is  Usted  the  heights  of  buildings,  with  the  assumed  floor-areas,  extend- 
I  the  full  height  of  the  structure,  given  in  column  2.  In  coltunn  3  are  listed 
s  actual  square  feet  of  car-area  now  provided  in  many  buildings  of  similar 
or-space  and  with  an  adequate  service.  This  is  inttaded  as  a  guide  where 
i  considerations  in  planning  the  building  have  included  a  means  of  accom- 
Klating  the  standard-sized  elevators  most  suitable  for  that  building  and  where 
ious  attention  has  been  given  to  the  disposition  of  the  cars.  But,  on  the 
ler  hand,  the  values  listed  may  also  be  used  to  advantage  in  proportioning 
i  number  of  elevators  required  under  any  conditions,  and  where  the  phy si- 
aspect  of  the  building  does  not  allow  for  an  economic  Hig|yva^inq  of  the 
vators.  Any  conservative  unit  area  best  suited  to  the  conditions  may  then 
allotted  for  each  car,  and  the  number  of.  elevators  then  determined.  CoU 
ik9  4,  5  and  6  give  the  numbers  of  cars  for  various  standard  unit  areas^  while 
!  values  in  column  7  are  computed  by  Formula  (i). 

the  Local  and  Express  Round-Trip  Time  for  different  running-speeds 
^ven  in  columns  8,  9,  10  and  11  of  Table  C,  and  the  value  for  /  as  given 
Formula  (2)  is  given  in  column  12.  It  will  be  noticed  that  in  columns  8 
1  9  the  time  occupied  in  traversing  the  heights  of  buildings  exceeding  eighteen 
ries  Is  slightly  more  than  would  actually  prove  economical.  It  might  be  well, 
refore,  to  point  out  that  the  speeds  of  local  elevators  for  high  buildings  might 
increased  to  advantage;  but  whether  the  service  is  local  or  express,  it  is  not 
risable  to  exceed  a  speed-rate  of  600  ft  per  min.  In  order  to  rectify  this  con- 
ion,  under  the  speeds  considered,  the  number  of  express-elevators  must  then 
more  than  half  the  total  number  in  the  system,  and  a  subdivision  of  express- 
nce  proper  is  also  necessary.  (See,  also,  Table  Showing  Number  of  Eleva- 
s  Required  and  notes  following,  page  1661.) 

Kzes  of  Hatchways  and  Car-Platforms.  (See,  also,  page  1661.)  The 
s  of  elevator-car  platforms  and  hatchways  of  unit  areas  heretofore  con- 
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Fig.  7.    Typical  Layouts  for  Elevator-hatchways  and  Car-platforms 

red  are  shown  in  the  following  diagrams  (Fig.  7)  illustrating  three  tjrpical 
IS  of  modern  installations  with  steel  guide-rails.  (See,  also,  Figs.  3  and  4.) 
gate  or  door-opening  may  be  either  right-hand  or  left-band,  as  best  suited 
lanning,  structural,  or  other  conditions.  The  clear  inside  dimensions  of  the 
ssary  hatchway  are  given,  and  also  the  clearances  required  between  this  and 
car.  Some  of  the  minimum  dimensions  given  with  Fig.  7  and  in  Table  D 
r  slightly  from  those  given  with  Figs.  3  and  4,  page  x666,  but  agree  in  the 
atial  requirements. 


1676  Elevator- Service  in  Bultdings  ' 

TiUa  D.    Siua  ol  Elentor-Cu-  PUtfora*  utd  Hutckaivi 


ft        in 

if  "^in        '"i 

1 

J 

1 

1 

U^l 

1 

ti 

ill 

J^  I 

^h 

'  /  / 

1 

1 1 

'  1 

f/  '  1 

/ 

1 

y 

1  / 

/ 

¥  ( 

1 

'/ 

/ 

/ 

Kk 

/ 

ij 

'/ 

/ 

/ 

'  y  }/ 

/ 

1  / 

/ 

' 

/ 

/  '^/ 

» 

, 

1  / 

/ 

/ 

/ 

/   , 

I" 

II 

o 

/ 

/ 

^w 

■s 

,  // 

/ , 

/ 

f 

/ 

/   7\ 

i 

/h 

/  ^ 

/ 

/ 

/   ^ 

/// 

{' 

/ 

/ 

/ 

/ 

^Ji^ 

// 

/ 

/ 

^AL 

'/ 

/ 

^^ 

^-t] 

/ 

/ 

^ 

■^ 

^  ^ 

>^      -^^ 

wa 

iJ 

^ 

^ 
^ 

100     UO    : 

Speed  of  HachJoe.  Fe«t  pec  Hluute 
Fig.  S.    Motor-eiia  [oc  Etcctric  E^ntoa 


Mail-Chutes 


1677 


Size  of  Motor.  It  is  often  helpful  to  be  informed  as  to  the  size  or  motor  le- 
lired  for  an  installation,  and  the  diagram  (Fig.  8)  may  be  used  for  this  purpose. 
>r  sake  of  illustration  in  the  use  of  the  diagram,*  a  speed  of  400  ft  per  min  b 
sumed,  with  a  combined  load  of  a  500  lb.  Following  the  line  marked  with  an 
row  from  the  speed  of  400  ft.  the  point  of  intersection  is  then  at  a  500 lb.  From 
is  point  follow  the  line  as  indicated  to  the  scale  of  motor-sizes,  and  the  result 
about  40  horse-power. 


Table  E. 

Cttrrent-Connmiiidon 

Motor-sise 

Starting- 
current 

Running- 
current 

ao  horse-power 
40  horse-power 
60  horse-power 

loa  amperes 
aoa  amperes 
a^a  amperes 

74  amperes 
147  amperes 
ai3  amperes 

Corrent-Consumption.  Table  E  gives  the  current-consumption  of  motor- 
es  common  in  elevator-practice.  The  figures  are  for  direct-current  motors 
crating  at  230  volts  and  are  based  on  the  results  of  tests. 

Electric  Feeders.  To  aid  in  the  selection  of  well-proportioned  electric 
BOERS  for  elevator-motors,  Table  F  is  given.  The  figures  are  for  230-voIt, 
ect-current  machines. 


raUe  F. 


Wire  and  Conduit-Sizes  tor  Blectrlc  Btevators,  a-Wlre,  ajo-Volt, 
Direct-Current  Systems 


Wire 

Max- 
imum 
run  or 
distance 
fora% 
drop, 
ft 

Conduit 

ifotOF- 

h.p. 

Size  of  each 
wire 

Under- 
writers 
carrying 
capacity, 
amperes 

Trade 
size  for 
a  wires 

Inside 
diam- 
eter, 
in 

Outside 
diam- 
eter, 
in 

IS 
ao 

as 
30 
35 
40 
4S 
50 
55 
60 

No.            3 

No.            X 

No.            0 

No.          00 

No.         000 

No.       0000 

No.       0000 

300  000      cm.* 

300  000      cm.* 

400  000      cm.* 

80 
100 

laS 
ISO 

175 
aas 
aas 

a7S 
a75 
32s 

X54 
174 
186 

198 
aia 
a26 
aa6 
a48 
348 
a72 

iV^ 
iH 

a 

a 

a 

a 

aM 

aW 

3 

138 

x.6x 
X.61 
a. 06 
a. 06 
a. 06 
a. 06 
a. 46 
9.46 
3.06 

x.66 

x.90 
x.90 
a.37 
a.37 
a.37 
a.37 
a. 87 
a.87 
350 

*  Circular  mils. 


MAIL-CHUTES 

reneral  Deecriptfon.  This  system  of  mailing  letters  by  means  of  a  specially 
Btructed  chute  connected  with  the  receiving-box  at  the  bottom,  has  come 
»  such  general  use  in  public  buildings,  office-buildings,  apartment-houses 

hotels,  that  the  restrictions  affecting  the  same  and  what  is  required  in  the 
'  of  preparation  should  be  known  to  architects.    The  system  is  installed  by 

patentees*  under  regulations  of  the  Post-Office  Department  governing  its 
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COBStrnctioo  and  location,  and  for  this  reason  it  is  well  to  consult  the 
before  pennanently  locating  the  apparatus  on  the  plans.  It  may  be  pbnii 
any  buikUng  oi  more  than  one  story,  used  by  the  public,  where  there  is  i  i 
delivery  and  collection-service,  in  the  discretion  of  the  local  postmaster, 
to  whose  approval  the  c<Nitracts  are  made. 

The  Chute  and  Recelving-Boz.  The  chute  is  required  to  be  made  «i^i 
removable  front  and  a  continuous,  rigid,  vertical  support  is  absolutely  MCc^^i 
It  must  be  of  metal,  its  front  must  be  of  plate  glass,  and  it  murt  bear  tbeiasi 
prescribed  by  the  de];>artment;  and  the  whole  apparatus,  when  erected  aod  3 
Government  lock  put  on  the  box,  passes  under  the  exclusive  care  aod  and 
of  the  Post-Office  Department,  and  the  chutes  become  a  part  of  the  reccini- 
boxes.  These  boxes  may  be  of  various  patterns  and  highly  ornamented  ai:d  it 
furnished  by  the  makers  in  connection  with  the  chutes.  The  woik  of  pRfsaf 
a  rigid  support  for  the  chute  and  cutting  and  finishing  the  openings  in  tbebfl 
is  of  the  utmost  importance,  and  details  showing  the  usual  arrangcmeoti « 
always  given. 

Preparatory  Work.  The  requirements  for  what  the  manufacturer  (4 
pREPAKAtOKY  WORK  include  a  flat,  vertical,  continuous  surface  not  kss  tia 
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?igf  1.    Wooden  Support  for  Mail^bute 
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Fig.  2.    Steel  Support  for  Mail-cbuU 
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Fig.  3.    Alternate  Steel  Support  for  Mail- 
chute 


Fig.  4.    Prepantocy 
Work  Compkle  fat 

MaO-K^ute 


loH  in  wide,  extending  from  the  floor  of  the  groimd-stoiy  to  a  point  k^^\ 
above  the  finished  floor  in  the  top  stoiy,  and  an  openfaig  in  each  floor  (bed 
in  front  of  and  centered  upon  this  surface.  These  openings  are  neath^  fisas^ 
and  their  size  and  shape  determined  by  setting  in  them  thimbles  of  iiw  *^ 

*  The  Coder  Mail  Chnte  Company,  Rochester,  N.  Y. 
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M '  funushed  and  ddivered  by  the  patentees,  as  part  of  their  contract.  In 
rdinary  installations  a  casing  of  wood,  suitably  molded  and  finished  to  match 
le  trim  of  the  building,  answers  every  purpose.  Such  a  casing  is  shown  in  plan, 
jg.  1,  with  the  opening  finished  by  the  iron  thimble.  In  buildings,  or  some- 
mes  in  a  few  stories,  where  a  more  elaborate  finish  is  desired,  nurble  is  sub- 
jtuted  for  wood,  the  form  and  construction  of  the  casing  being  adapted  to  the 
laterial,  but  of  course  without  disturbing  the  size  and  form  of  the  front  surface, 
teel  angles  are  used  where  the  use  of  wood  is  objected  to,  or  where  it  is  necessary 
)  run  the  chute  in  front  of  an  elevator-screen,  or  in  other  locations  where  a  solid 
all  is  not  available  to  support  the  casing.  Steel  square-root  angles,  2  by  2  by 
,  in  in  section,  are  generally  used,  and  set  as  in  Fig.  2,  but  sometimes,  where 
is  desirable  to  fill  up  the  space  between  them  and  the  elevator-screen,  they  are 
rversed,  as  in  Fig.  3.  The  angles  are  usually  bolted  to  the  beams,  and  in  any 
ise  must  be  straightened  so  that  they  are  without  twists  or  kinks,  and  the  sur- 
,\ct  which  receives  the  mail-chute  plumb  and  flush  in  all  stories.  Fig.  4  gives 
general  view  of  the  mail-chute  casings  and  floor-openings  ready  to  receive  the 
lutes  themselves.  This  work  of  preparing  the  building,  except  the  cutting  or 
aving  ready  the  necessary  openings  in  the  floors,  is  now  usually  included  in  the 
lail-chute  contract,  as  it  has  been  found  for  many  reasons  undesirable  to  sepa- 
ite  it.  The  necessary  openings  in  floors,  and  all  patching  around  such  open- 
\gs,  should  be  included  in  the  mason's  or  other  proper  specifications. 

EsMntial  Points  to  be  remembered  are  (i)  that  no  bends  or  offsets  can  be 
lade,  a  vertical  fall  being  absolutely  essential,  and  (2)  that  the  entire  apparatus 
iust  be  exposed  to  view  and  must  be  accessible,  that  is,  it  is  not  permitted  to 
(tend  the  work  behind  an  elevator-screen  or  partition  or  through  any  part  of 
le  building  except  a  public  corridor. 

REFBIGEKATOBS  * 

General  Requirements.  The  following  information  is  given  as  a  gtflde  to 
rchitects  in  providing  for  refrigerators  in  large  residences,  hotels,  clubs,  hospitals 
dd  other  institutions.  Consultation  with  a  reliable  refrigerator-builder,  how- 
ver,  is  always  denrable  before  deciding  upon  spaces  to  be  occupied  by  .refriger- 
tors,  refrigerating-rooms,  etc.,  as  a  satisfactory  refrigerator  cannot  be  adapted 
)  a  badly  proportioned  space.  (See,  also,  Design  of  Refrigoators,  under 
fechanical  Refrigeration,  page  1691.) 

Residence-Refrigerators.  Care  should  be  taken  to  select  a  xdmgerator 
'hich  is  simple  in  operation  and  easily  cleansed,  as  modem  sanitary  science  has 
raced  much  illness  to  faulty  refrigeration.  Thorough  insulation  is  an  important 
!ature  in  a  refrigerator,  as  upon  this  depends  economy  in  the  use  dl  ice. and  the 
scuring  and  maintaining  of  the  low  temperature  necessary  to  the  proper  .preser- 
ation  of  food.  Fig.  1  shows  a  kitchen-refrigerator  for  use  of  famiEes  of  ordi- 
ary  size.  The  ice-compartment  is  located  in  the  middle  division.  The  depth 
^uld  not  be  more  than  3  ft  nor  less  than  2  ft,  and  the  height  may  vary  from 

ft  6  in  to  7  ft.  The  length  of  the  front  largely  determines  the  capacity  and 
hould  range  from  about  4  to  7  ft.  Fig.  1  shows,  also,  a  most  satisfactory  method 
f  accomplishing  the  outside-idng  feature  which  consists  of  a  double  outside 
ang-door  complete,  with  frame  and  jamb.  This  is  provided  by  the  refrigerator- 
<uilder  to  fit  the  rough  opening  furnished  by  the  owner  in  the  outside  wall  of 

*  ValoaUe  data  and  the  drawings  relating  to  this  subject  were  furnished  the  author  and 
dit<x  l^  The  Jewett  Refrigerator  Company,  Buffalo,  N.  Y.  Practical  data  were  fumbhed, 
bo.  by  The  Brunswick-Balke-CoUender  Company,  New  York  City.  There  are  numer- 
us  other  reliable  firms  whose  refiigerator-work  has  the  highest  reputation. 
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the  buDding.  With  tMa  methud  i.  miaimuin  outa'de  openins  is  rcqind  ^ 
lumish  a  ""■"""""  jnude  opening  for  ice.  The  diaih-fipes  sbi>uld  be  u  dn, 
ud  straight  aa  piMiible  and  should  be  readily  detachable  for  clfuaiif  ;• 
poses.  The  drun  should  be  properly  trapped  !□  the  floor  <rf  the  i^ngtata  d 
carried  ihrousfa  the  floor  oi  the  buildiag,  discharging  over  the  iriuinbcr's  ifa 
cooDection  as  shown  ii  ti 
elevation  of  Fig.  1. 

Fig.  2  shows  a  ningaitak 
use  in  a  butler's  paany  >)■> 
economy  of  space  isimpoclA 
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galvanued  sted  ibnia(W 
and  U  removable  lot  a* 
venience  in  hlling  as  it  As 

on    roller-bearing   runsiTL 


adjoi 


lag 


fitted  •* 
one  removable  shdf,  b^ 
which  is  a  bottle-rack  k 
horizon  tally  placed  boldcs  U 
a  space  for  staading  bouia, 
The  dt^h  should  be  ibimt 
tt  and  the  height  i  fl  t  ^ 
under  couDter-top.  Theli^ 
of  the  front  dclemuDB  4 
capacity,  but  it  sbould  le* 
be  less  than  J  ft.  TtxtioA 
refrigerator  with  a  cenlnl  i>, 
compartment  and  stoniMA 
partmenls  at  dlhet  ade,  i  ^K 
a  convenient  Icngih.  TV  >. 
terior  hnish  and  bv^^s. 
should  cnrrespond  silli  d( 
Bdjacent  trim.  The  »*, 
itary  and  attractive  uiun^ 
lab  for  storage-coo^; 
ts  of  while  plate  glass  for  the  walls  and  ceilings  and  die  In  <l^ 
flooring.  The  usual  complement  of  refrigerators  for  use  in  ordmarj-  (inS^ 
consist"  of  one  adjacent  to  the  kitchen  and  one  in  the  butler's  pantij.  I* 
large  families  Ihc  number  could  be  the  same  with  the  capacity  grealn. 

RefriKatatora  for  Hotels,  Clubs,  Etc.  Mecbuiicu.  xEratcEiAiiov  !• 
largely  superseded  ice  as  a  couling-agent  where  the  rcfrigerator-equipniac  c» 
sists  of  several  units,  as  m  hotels,  clubs  and  inslilutions.  (See,  also,  ilai», 
ical  Refrigeration,  page  i68i.)  The  arrangement  of  refrigerators  is  simiiKl 
that  employed  where  ice  is  used,  as  the  refrigerating-coils  are  often  cooui*"* 
compartments  corresponding  to  ice-compartments;  the  alternative  niclM* 
to  place  the  coils  against  walls  of  storage-compartments.  Refrigcntin^^S 
are  generally  of  rM-in  pipe,  the  length  of  coil  dependiikg  upon  the  te 
required.  Fig.  3  shows  a  practical  layout  for  the  wur'  ' 
•  The  Jewett  Rtirigerator  Comiiaiiy. 
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xl-sized  dub,  and  illustrates  the  proper  complemeat  of  mechanically  cooled 

rigerators,  together  with  adjacent  operating-equipment.    No.  i,  a  store-room 

rigerator,  has  the  front  arranged  in  one  full-height  door  and  b  fitted  with  three 

rs  of  shelves  throughout.    No.  2,  a  meat-refrigerator,  is  also  accessible  through 

uU-height  door  and  is  fitted  with  shelves  and  meat-racks.    No.  3,  a  broiler 

ii    fish-refrigerator,  has   the   front 

anged  in   two  doors,    each   door 

ening  onto  a  series  of  six  galvanized 

iet-steel  pans  sliding  on   self-sus- 

ning  roller-bearing  runways.  No. 
a    serving-pantry   refrigerator,    is 

^divided  by  an  insulated  partition 

o  three  separate  and  distinct  com* 

rtments,  those  at  the  left  and  light 

Ing   each   accessible   through   two 

ors,  while  the  middle  compartment 

accessible  through  one  door,  below 

Jch  is   a   series   of   four   drawers 

iing  on  self-sustaining  roller-bearing 

iways.    The  doors  open  onto  re- 

rvable  shelves  throughout.  No.  5, 
ice-cream  refrigerator,  occupies  a 

sition  in  the  serving-pantry  counter 

d  has  the  top  arranged  in  one  lift- 
cover.    Its  interior  fittings  consist 

three  2C>-quart  porcelain-lined  ice- 

»m  jars  and  one  glac6-frame  for 

icy  forms  of  ice-cream.    No.  6,  a 

stry-refrigerator,  has  the  front  ar- 

aged  in  four  doors,  two  upper  doors 

ening  onto  removable  shelving,  and 

o   lower    doors   onto   pastry-pans 

ding  on  .  angle-iron  runways.    No. 

a  bar-refrigerator,  is  subdivided  by 
insulated  partition  into  two  sepa- 

te  and  distinct  compartments,  each 

cessible  through  four  doors.    The  upper  doors  open  onto  three  tiers  of 

movable  shelves  for  standing  bottles,  while  the  lower  doors  open  onto  five 

rs  of  racks  arranged    specially   for   horizontal    bottles.     The   equipment 

scribed  above  will  also  satisfactorily  cover  the  requirements  of  a  moderate-sized 

tel. 

Refrigerators  for  Hospitals.  The  usual  complement  of  refrigerators  for 
lall  hospitals  consists  of  one  large  storage-refrigerator,  one  refrigerator  for 
e  chef's  use  in  or  near  the  kitchen,  one  for  milk  and  butter  and  one  iron-lined 
est  for  broken  ice.  For  large  hospitals  the  same  number  with  increased  ca- 
dty  and  with  the  addition  of  small  diet-kitchen  refrigerators,  and  possibly  a 
srtuary-refrigerator  for  two  or  three  bodies,  will  meet  the  requirements. 

The  Height  of  Large  Refrigeratort  for  hotels,  clubs  and  institutions,  to  be 
tered  through  full-height  doors,  should  be  from  10  to  12  ft,  if  equipped  with 
crhead  ice  or  coil-compartments;  with  side  ice-compartments  or  coils  placed 
ainst  walls,  the  height  should  be  7  ft  6  in  or  8  ft.    The  soialler  refrigerators, 

*  The  Jewett  Refrigerator  Company 
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Deasible  through  half-height  doors»  hinged  covers,  drawers,  etc.,  should  be 
fic^  on  a  3-in  sanitary  cement  platform  fiinished  with  cove  to  floor  of  building. 
lese  refrigerators  should  not  be  higher  than  6  ft  6  in  unless  provided  with  over- 
ad  ice  or  coil>compartments,  in 
lich  case  the  height  should  be  from 
to  9  ft. 

Insulation.  (See,  also.  The  Value 
Good  Insulation,  page  1690.) 
efrigerators  in  modem  hotels,  clubs, 
stitutions,  etc.,  are  insulated  with 
ovemment-standard  corkboard,  the 
rge  refrigerators  being  constructed 
4-in  cork  throughout,  in  two  courses 

2  in  thickness,  and  with  all  joints 
x>kea.  Cork  is  applied  to  adjacent 
alls  of  a  building  with  Portland 
tment,  H  in  thick,  and  this  cement 

used,  also,  in  applying  the  inner 
)urse  of  cork  to  the  outer  course  in 
alls,  partitions  and  ceilings.  AH 
>rk  in  the  flooring  is  asphalted 
ater-tight.  Interior  finish  may  be 
:  Portland  cement  throughout  or  of 
klvant2sed  sheets  on  walls  and  ceil- 
igs  and  of  Portland  cement  on  floors, 
r  the  walls  and  ceilings  may  be  of 
isedron  porcelain  or  white  plate  glass, 
id  the  floors  of  tile,  all  depending 
pon  the  grade  and  character  of  the 
uilding  to  be  equipped.  The  in- 
ilation  of  smaller  refrigerators  coa- 
sts of  (i)  an  exterior  course  of  H-in 
)ngued  and  grooved  lumber,  (2)  two 
surses  of  water-proof  insuiating- 
aper  and  (3)  a  3-in  thickness  of 
icet  cork  in  two  i^i-in  courses,  all 
>ints  being  broken.  To  this  insula- 
on  is  applied  the  interior  lining. 

Mortuary-Refrigerators.  Mor- 
mry-refrigerators  should  be  cooled 
y  mechanical  refrigeration,  the  coils 
ring  placed  longitudinally  on  both 
ides  of  the  mortuary-trays.  Fig.  4 
lustrates  a  mortuary-refrigerator  for 
bree  bodies.  This  may  be  used  as  a 
nit  in  designing  mortuary-refrigera- 
srs  of  larger  capacity,  or  the  height 
lay  be  reduced  to  5  ft  and  the 
odies  placed  in  two  instead  of  three 
orizontal  tiers.  Mortuary-refrigerators  sometimes  have  both  fronts  finished 
nd  equipped  with  doors  so  that  bodies  are  accessible  for  identification  or 
lamination  from  both  fronts. 

*  The  Jewett  Refrigerator  Compsay. 
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MECHANICAL   BEFSIGERATION  *  ' 

j 
A  Brief  Description  of  Methods  in  Common  Use  for  PrododBfi 

Applying  Refrigeration,  with  Special  Reference  to  Small  PItaii 

A  British  Thermal  Unit,  (Btu),  is  the  quantity  of  heat  required  to  d 
the  temperature  of  i  lb  of  water  i°  F.  Heat  used  in  this  way,  that  b.  bid 
the  temperature  of  water  or  other  substance.  Is  said  to  be  present  in  tlais 
stance  as  sensible  heat,  or,  in  other  words,  heat,  the  presence  of  whiA^i 
feel,  or  sense. 

The  Heat  of  Liquefaction,  or  so-called  latent  heat  of  UQvrrxra 
of  a  mass  of  ice,  is  the  amount  of  heat  it  will  absorb  in  melting.  One  jmrl 
ice  at  32°  F.  will  absorb  144  Btu  in  melting  to  water  at  32"  F.  Heat  cosi 
into  a  cake  of  ice  is  thus  absorbed  in  melting  the  ice  and  becomes  what  is  Yat 
as  latent  heat,  or  heat  absorbed  without  any  rise  in  temperatmr.  If  the! 
is  at  a  lower  temperature  than  32°  F.,  or  if  the  water  resulting  from  thenda 
rises  above  32°  F.,  additional  heat  will  be  absorbed  as  sensible  heat. 

The  Specific  Heat  of  a  substance  is  the  ratio  of  the  quantity  of  heat  reqizi 
to  raise  the  temperature  of  a  certain  weight  of  the  substance  one  desRf  1 
that  required  to  raise  the  same  weight  of  water  from  6a**  to  63*  F. 

The  Heat  of  Vaporization  of  water  or  of  any  other  liquid  is  the  amaa^ 

heat  it  will  absorb  in  vaporizing,  in  evaporating  from  a  liquid  to  a  gu; «  i 
give  out  in  returning  from  the  gaseous  to  the  liquid  state. 

Transfer  of  Heat  occurs  in  three  ways:  (i)  by  convection,  (2)  bjraM 
and  (3)  by  conduction.  For  instance,  if  particles  of  air  in  a  refrigentord 
jacent  to  a  source  of  heat  become  warmed  they  circulate  and  distribute  tke  bl 
by  convection  through  the  refrigerator-box.  Heat  will  pass  from  a  waii 
stance,  as  from  the  filament  of  an  incandescent  lamp,  out  into  the  boi  I 
RADIATION.    Heat  will  enter  the  box  through  the  walls  by  conddchon. 

Heat-Transmission.  When  the  temperatures  on  opposite  sides  of  127  s^ 
face,  as  for  instance,  a  wall,  are  unequal,  heat  will  pass  by  conductkm  tbro^ 
the  material  from  the  warmer  to  the  cooler  side.  The  rate  of  this  movenKoii 
the  rate  of  HEAT-TRANS.VISSION  and  is  stated  in  terms  of  the  quantity  of  U 
called  (Btu)  which  will  pass  through  i  sq  ft  of  surface  in  24  hours,  per  depi 
temperature-difference  between  the  two  sides  of  the  wall. 

Some  Advantages  Claimed  for  Mechanical  Refrigeration. 

(i)  Lower  temperatures  can  be  obtained  with  refrigerating-machinfs  dM 
with  ice. 

(2)  The  inconvenience  of  handling  ice  is  avoided. 

(3)  There  is  no  accumulation  of  slime  in  the  refrigerators  as  fipomi 

melting  of  even  the  best  ice. 

(4)  Refrigerators  cooled  mechanically  are  dryer  than  icc-cocJed  bcfl 

because  the  moisture  is  frozen  out  of  the  air  and  deposited  00  ih 
cooling  surfaces, 
(s)  There  is  generally  a  better  air-circulation,  resulting  in  a  nwre  otfaa 
temperature  and  dryer  atmosphere  throughout  the  compartacBt 

(6)  With  proper  design  of  refrigerator  and  refrigerating-machine  anj  *" 

sired  temperature  can  be  obtained. 

(7)  Refrigeration  produced  mechanically  is  often  cheaper  than  refrigffat.38 

produced  by  melting  ice.     (See  page  1695.) 

*  Compiled  and  adapted,  by  permission,  from  data  iocladed  in  a  paper  by  R.  F.  lb* 
See,  also,  Refrigerators,  pa^es  1679  to  1683. 
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tion  of  Refrigerating-Machines.  In  almost  all  methods  of  producing 
advantage  is  taken  of  the  fact  that  when  a  liquid  evaporates  it  usually  cools 
itself  and  its  surroundings,  and  changes  into  a  gas  or  vapor.  There  are 
al  liquids  which  are  easily  made  to  evaporate  and  produce  this  cooling 
:,  and  were  it  not  for  their  cost,  refrigeration  could  be  very  simply  produced 
Lpplying  a  steady  stream  of  the  liquid  and  allowing  the  vapor  or  gas  evapo- 
1  to  escape  into  the  atmosphere.  A  refrigerating-machine  is  practically  an 
ratus  for  saving  this  gas  which  has  evaporated  and  returning  it  to  its  liquid 

to  be  used  over  again.  In  this  process  of  recovery  and  condensation  the 
(ives  out  the  heat  which  it  has  previously  absorbed  in  evaporating.    This 

is  carried  away  by  flowing  water,  which,  in  absorbing  the  heat,  rises  in 
lerature. 

rpes  of  Refrigeratmg-Machinea.  In  the  (i)  coscpression-type  of  re- 
rating-machines  the  recovery  of  the  gas  is  effected  by  drawing  it  away  from 
loint  where  it  has  been  evaporated  and  pumping  it  under  increased  pressure 
a  chamber  where  it  gives  out  its  heat  to  the  water-cooled  walls  of  the 
aiber  and  returns  to  the  liquid  state  ready  to  be  used  over  again.  In  the 
vBSOBPnoN-TYPE  of  refrigerating-machines  ammonia  is  generally  used  and 
recovery  of  the  gas  is  effected  by  bringing  it  into  contact  with  water  with 
ii  it  unites  chemically.  The  solution  thus  formed  is  pumped  into  another 
aber,  and  heat  is  applied  to  drive  off  the  ammonia-gas  which  is  then  condensed 
:r  hig:h  pressure.  It  is  now  ready  to  be  leevaporated  and  reproduce  its  cool- 
effect.  In  all  cases  of  large  units,  and  in  all  cases  of  either  large  or  small 
3  where  exhaust-steam  is  available  in  suffident^quantities,  absorption  re- 
arating-machines  are  very  economical. 

quids  Used  la  Refrigefatfai^llachines.  A  number  of  liquids  have  been 
t  in  refrigerating-machines,  the  ones  commonly  employed  bong  (i)  am^ 
lA,  (3)  CARBON  DIOXIDE  and  (3)  suuPHim  DIOXIDE.  Various  praaical 
^derations  determine  which  is  to  be  used  in  any  particular  design  of  machine, 
h  (x)  AMMONIA  the  advantage  is  the  lower  working  pressures,  from  15  to 
lb  per  sq  in,  which  are  easy  to  deal  with.  An  advantage  over  carbon  dioxide 
lat  leaks  are  very  easily  located.  Ammonia-fumes,  however,  are  offensive 
sometimes  dangerous  in  case  of  a  break.  With  (2)  carbon  dioxide  the 
intage  is  in  its  inoffensive  odor.  Its  disadvantages  are  the  high  pressure  at 
±  it  works,  from  300  to  i  300  lb  per  sq  in,  the  relative  difficulty  of  holding 
e  pressures  and  of  finding  small  leaks,  owing  to  its  slight  odor  and  chemical 
tivity.  With  (3)  sulphur  dioxide  the  advantage  is  its  comparatively  low 
king  pressure,  which  is  not  above  75  lb  per  sq  in.  Its  great  disadvantage  is 
:  with  moisture  it  forms  an  acid  which  rapidly  corrodes  the  apparatus.  At 
time  this  disadvantage  was  fatal,  since  with  the  old-type  machines,  air  and 
Bture  were  constantly  being  drawn  into  the  system  more  or  less  rapidly  and 
ed  with  the  sulphin:  dioxide.  This  difficulty  has  recently  been  overcome  in 
e  modem  types  of  machines  *  in  which  the  refrigerant  is  hermetically  sealed 
he  machine  and  chemical  action,  therefore,  prevented. 

ating  of  Refrigeradng-Madiines.  A  i-TON  refrigerating-macrine  is  a 
rhine  which,  if  operated  for  24  hours,  will  absorb  the  amount  of  heat  which 
m  of  ice  would  absorb  in  melting.  If  the  machine  is  operated  a  shorter  time 
day,  a  less  amount  of  heat  will  of  course  be  absorbed,  and  in  order  to  main- 
L  the  temperature  during  the  period  when  the  machine  is  not  running,  some 

The  AudifTren  Refrigerating-Machine,  a  small  machine  intended  for  domestic  uses 
manufactured  by  Johns-Manville,  Inc.,  New  York.  There  are  many  other  reliable 
a  making  refrigerating-machines  of  other  distinct  tsrpes,  and  the  architect  should 
I  carefully  into  the  merits  and  claims  of  each  when  called  upon  to  specify  them. 
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means  must  be  adopted  fcnr  storing  cold.  (See  paragraph  bdow.) 
machines  are  sometimes  rated  in  terms  of  icb-kaking  capacixy,  that  iSk  ■« 
of  the  amomit  of  ice  the  machine  will  make  in  34  hours.  This  b  alm^ys  ka$ 
the  refrigemting  capacity  because  some  refrigerating  effect  is  reqMiitd  t»4 
the  water  down  to  37°  F.  before  the  freesing  can  begin,  and  the  ioe  is  o^ 
cooled  several  degrees  below  32°  F.»  which  requires  a  still  greater  capadty.  fl 
is  also  some  flow  of  heat  into  the  apparatus.  These  elements  vary  oonade^ 
so  that  from  some  points  of  view  xce-maung  capacity  might  be 
unsatisfactory  method  of  rating  some  refrigerating-machines. 

Applyifls  the  Cold.    According  to  one  dasafication  there  are  three 
systems  of  appljing  the  cold.    These  arc,  (i)  the  DmECT-EXPAJfSiO!r  SBi 
(2)  the  BRINE-SYSTEM  and  (3)  the  cold-air  system. 

(i)  In  the  DiRBcr-EXPANSioir  system  the  refrigerant  is  evapocated  ias 
of  pipe  placed  directly  in  the  room  to  be  oocJed. 

(2)  In  the  brine-system  the  refrigenmt  is  used  to  cool  brine,  whkhiiii 
circulated  through  coils  of  pipe  in  the  room  to  be  cooled. 

(3)  In  the  COLD-AIR  system  a  current  of  air  is  chilled  by  pasaiBg  it  otrra 
of   pipe  cooled  directly  by  the  evaporating  refrigerant,  or   by  fariie,  or 
passing  it  through  a  spray  of  cold  brine;  and  this  chilled  air  is  then  pasBoli 
the  room  and  circulated  back  to  the  oooling^ooils,  the  wliole  opentioa  U 
repeated  indefinitely. 

All  of  these  systems  have  their  advantages  and  diaadvantagBi.  WUei 
brine^ystem  is  a  Httle  more  expensive  to  operate  in  fawge  plaais,  the  te^ 
ature  is  more  easily  oontroUed  than  with  the  da-ect-ezfNmaioa  asfstaa.  mk 
practice  in  small  plants  it  is  found  as  coonomical  in  opentioii  in  spite  di 
theoretical  disadvantage.  Furthermon^  m  cas*  of  any  breakdowa  in  Uk  a 
chine,  the  temperature  can  be  held  for  a  time  by  circulating  the  bzine  ad 
becoBE^  too  warm  to  be  (^  use,  whereas  with  direct  expaQsion  the  teaiiKall 
will  begin  to  rise  immediately  upon  the  stopping  of  the  nurhine.  Tbs  coU^ 
system  is  not  as  applicable  whefe  any  drying  of  the  goods  stored  woukl  be  ki^ 
f  ul  and  there  is  some  risk  of  carrying  fire  in  the  air-passages.  It  is  modi  ai 
nevertheless^  for  such  service  as  chocoJ^e-dipj^ing  rooms,  ioe-«Feam  baiM 
fur-stonigee^  etc. 

Storage  ef  Cold.  When  teaipemtaies  sre  to  be  inaintainfld  while  thenfil 
erattng-machine  is  shut  down,  cold  must  be  siobbd,  in  the  brine^^^teBt 
is  effected  by  cooling  a  compamthrely  laige  body  of  brine  which  wasBsdd 
as  it  is  circulated.  Where  the  bfine-drculating  pump  as  weU  as  the  madk 
must  be  stopped,  so-caled  vrbssure-takks  may  be  placed  in  the  p^ 
system  in  the  room  being  cooled;  the  mass  of  brine  hi  these  tanks  ainaibii 
heat  and  helps  to  maintain  an  approoamately  even  temperature.  Wboei 
direct-expansion  system  is  used,  a  part  of  the  oiM>ling<oiis  nmy  be  jmaaaA 
a  tank  of  brine  placed  in  the  room  and  the  remainder  of  the  cxiils  atnafeil 
the  dn«ct  coohng  of  the  room.  In  some  phu:es  the  spaces  ava&ble  «3  ' 
permit  the  use  of  brine-storage  tanks,  in  oases  of  this  kind  smaller  taabil 
be  used  and  ^led  with  water,  or  a  weak  brine  which  will  freeze  at  a  tenp^ 
ture  a  little  below  32°  F.  Since  i  lb  of  ice  in  melting  will  absorb  144  Btafl 
I  lb  of  brine  rising  in  temperature>  say  2o^  will  absorb  ooly  from  li  to  ti  Bl 
the  saving  of  sp9^e  is  apparent.  It  must  be  absolutely  certain  that  tk  icMj 
erant  reaches  the  tank  first  at  the  bottom  aad  that  the  ak  to  be  cooled  nKh 
it  first  at  the  top  so  that  the  ice  in  forming  shall  not  bulge  or  burst  the  tid 
If  the  congealing  mass  were  to  freeze  from  the  top  down  the  tank  wed!  I 
strained  and  finally  leak,  because  of  the  expansion  of  the  ice  in  freednf-  -^ 
other  fact  to  be  considered  is  that  where  water,  only,  is  frozen,  a  resaltios  M 
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mpentuie  may  be  obtained  in  the  refrigerator,  sinee  the  brine  must  be 
irmer  than  the  ice  in  order  to  melt  it,  and  the  refrigerator  just  that  much 
inner,  or  warmer  than  an  ice-cooled  box.  In  calcuUiting  the  proper  sizes  of 
oks  for  storing  brine,  it  should  be  remembered  that,  usually,  the  period  during 
liich  the  machine  is  shut  down,  coincides  with  the  period  during  which  the 
mand  for  refrigeration  in  the  box  is  the  least.  The  amount  of  heat  to  be 
isorbed  is  usually  only  that  entering  through  the  insulation,  as  the  doors  are 
iUt  and  no  food  is  put  in  or  removed. 

Descr^tioit  of  Refrigeratiiig^MtchiBet.  As  explained  in  the  preceding 
uagraphs  refrigerating-mochines  may  be  divided  generally  into  two  classes, 
)  the  CQMPKE8SI0N-TYPE  and  (2)  the  ABSORpnoM-nPE. 

(z)  TIm  Cemprwsion-Type  of  Refrigertting-Maehines  may  be  subdivided  as 
lk>ws: 

(a)  The  open  type  of  machine,  which  is  made  both  vertical  and  horizontal, 
td  both  single  and  double-acting,  that  is,  compressing  the  gas  at  one  end  or 

both  ends  of  the  cylinder,     (b)  The  partially  enclosed  t3rpe  of  machine,  in 
ych  all  the  moving  parts  of  the  compressor  proper  are  enclosed  within  the  frame 

the  compressor,  except  the  fly-wheel  and  the  main  shaft  which  enters  the 
ime  of  the  machine  through  a  stuffing-box.    Such  valves,  also,  as  are  required 

the  system  are  exposed,  (c)  The  wholly  enclosed  type  of  machine,*  in  which 
I  of  the  working  parts  are  enclosed  in  a  hermetically  sealed  container. 
{a)  One  advantage  of  the  open  type  of  machine  is  that  any  lack  of  adjustment 
le  to  wear  can  be  readily  corrected;  so  that,  with  i^roper  attention,  it  gives 
icellent  results.  For  large  installations  this  is  considered  by  many  to  be  a 
ost  efficient  type  of  machine. 

(b)  The  enclosed  type  of  machine  resulted  from  the  effort  to  reduce  the  amount 
attention  required  by  the  open  machine,  to  cheapen  its  construction  and  to 

duce  the  possibility  of  trouble  from  inexpert  tampering.  An  objection  to 
achines  of  this  type  is  that  when  adjiistments  have  to  be  made  the  working 
trts  are  relatively  inacces^ble. 

{c)  With  the  wholly  enclosed  type  of  machine  it  is  claimed  that  the  loss  of 
e  refrigerant  b  prevented  by  the  hermetical  seating  of  the  apparatus,  and  that 
ke  working  parts,  being  completely  endoaed,  are  protected  from  deterioration 
le  to  outside  causes  or  tampering. 

(a)  The  Absorption-Type  of  Refrigerating-Machines  are  of  two  kinds,  differ- 
g  principally  in  the  proportioning  of  the  parts.  In  the  one  machine  high-pres- 
ire  steam  is  used;  in  the  other  the  proportions  are  such  that  low-pressure 
exhaust-steam  may  be  used.  Where  exhaust-steam  is  available  machines 
this  t3rpe  are  found  to  be  very  economical,  and  this  is  true,  also,  for  all  large; 
dts  whether  or  not  exhaust-steam  is  used.  Full  descriptions  of  these  machines; 
ith  detailed  plans  and  layouts  may  be  obtained  from  the  various  manufacturers.. 

Calculations  for  the  Capacity  of  a  Refrigerating-Machine.    Heat  enters, 
e  refrigerated  compartments,  (i)  through  the  walls,  (2)  with  warm  goods,  (3) . 
r  the  interchange  of  the  outside  air  when  doors  are  opened  and  by  air-leaks^ 
cice  the  cooled  air  b  the  heavier  and  immediately  flows  out  when  a  door  is « 
leaed,  (4)  from  lights  or  from  the  heat  of  the  bodies  of  workers,  and  (5) 
am  any  change  of  state  occurring  in  the  goods,  such  as  freezing,  fermenting,  . 
c.    In  large  rooms  these  various  sources  of  heat  should  be  analyzed  sepa- 
tely.    In  small  refrigerators,  as  in  hotel»,  kitchens,  dwellings,  etc.,  a  rough 
le,  quite  as  accurate  as  a  more  elaborate  analysis,  allows  a  certain  number  of 
tu  per  cubic  foot  of  refrigerated  space  per  24  hours.    This  amount  varies  , 

*  ReCBiedtoQDpii0ii685. 
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with  the  character  and  location  of  the  box,  the  nature  of  its  insulation,  tbei>*-' 
I)eratures  desired  and  so  on.  It  will  be  seen  that  the  insulation,  whik  id 
importance,  is  not  by  any  means  the  only  important  factor  in  this  das 
boxes.  For  domestic  refrigerators  in  which  a  temperature  of  frcMn  35  to  jc* 
is  maintained,  300  Btu  per  cu  ft  of  refrigerator  per  24  hours  should  be  aEc^ 
For  boxes  in  hotel  or  restaurant-kitchens,  600  Btu,  or  even  900  Bta  e 
treme  cases  and  where  low  temperatures  are  required,  should  be  aQoved.  J^ 
butchers'  coolers  or  large  storage-boxes  in  hotels,  etc.,  from  200  to  250  Btu  pr 
cu  ft  per  24  hours  should  be  allowed.  A  check  on  the  above  figures  lor  ft 
large  type  of  box  is  the  following:  *  "When  the  exact  conditioiis  trnderviil 
cold-storage  rooms  are  to  be  operated  are  known,  namely,  the  size  and  ^kiftd 
the  rooms,  the  quality  of  the  insulation,  the  kind  and  quantity  of  goods  to  k 
handled  per  day  and  the  temperatures  at  which  they  are  received  and  at  viii 
they  are  to  be  held,  the  amount  of  refrigeration  required  can  be  cstimatrri  nv 
closely  by  the  following  rule:  (i)  Calculate  the  exact  area  of  exposed 
in  the  walls,  floor  and  ceiling  of  the  room  in  square  feet,  multiply  the  total 
ber  of  square  feet  by  the  number  given  in  the  table  for  the  required  teooica- ' 
ture  and  divide  the  product  by  2S8  000.  (2)  Multiply  the  aunount  of  goxk 
in  pounds,  to  be  stored  per  day  by  the  number  of  degrees  of  heat  to  be  extmi 
by  the  specific  heat  of  the  goods,  and  divide  by  288  000.  This  will  gift  tte 
amount  of  refrigeration,  in  tons  per  day,  necessary  to  maintain  the  iaapat 
ture  required  for  the  goods.  (3)  Add  these  two  amounts  together.  The  teat 
will  be  the  amount  of  refrigeration,  in  tons  per  day,  required  to  mainiaia  tli 
temperature  required  for  the  goods  and  for  the  room.  (4)  If  the  gootb  a 
to  be  frozen,  the  latent  heat  of  freezing  should  be  added  to  the  number  i 
Btu  to  be  extracted." 


For  rooms  containing  less  than  x  000  cu  ft 


If  maintained  at   o*  F.  multiply  the  exposed  surface  by  i  77s 

If  maintained  at   s*  F.  multiply  the  exposed  surface  by  710 

If  maintained  at  10*  F.  multiply  the  exposed  surface  by  535 

If  maintained  at  20*  F.  multiply  the  exposed  surface  by  ^5 

If  maintained  at  32**  F.  multiply  the  exposed  surbce  by  265 

If  maintained  at  36'  F.  multiply  the  exposed  surface  by  180 

For  rooms  containing  from  i  000  to  10  000  cu  ft 

If  maintained  at   o*  P.  multiply  the  exposed  surface  by  1  250 

If  maintained  at   5*  F.  multiply  the  exposed  surface  by  600              | 

If  maintained  at  10*  F.  multiply  the  exposed  surface  by  300 

If  maintained  at  20*  F.  multiply  the  exposed  surface  by  190 

If  maintained  at  32"  P.  multiply  the  exposed  surface  by  160 

If  maintained  at  36*  F.  multiply  the  exposed  surface  by  125 


For  rooms  containing  more  than  10  000  cu  ft 


If  maintained  at  o**  F.  multiply  the  exposed  surface  by  1 100 
If  maintained  at  5*  F.  multiply  the  exposed  surface  by  550 
If  maintained  at  10"  F.  multiply  the  exposed  surface  by  275 
If  maintained  at  20"  F.  multiply  the  exposed  surface  by  xte 
If  maintained  at  32^  F.  multiply  the  exposed  surface  by  140 
If  maintained  at  36*  F.  multiply  the  exposed  surface  by     no 


J: 
i 


*  Taken  from  Levey's  Refrigeration  Memoranda,  page  41. 
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With  small  machines  it  is  necessary  to  allow  a  greater  capacity  of  machine 
:  a  given  size  of  box  than  with  large  machines,  since,  with  the  latter,  one  can 
rays  throw  a  large  part  of  the  machine-capacity  to  any  given  box  where 
icial  need  may  exbt;  whereas  to  do  this  with  the  small  machine  would  almost 
tainly  rob  some  other  box,  if  indeed  there  happened  to  be  another  box.  It  is 
ver  possible  to  determine  with  mathematical  certainty  «actly  how  much 
rigeration  is  required  for  a  given  case.  It  is  best  to  allow  for  this  fact  and 
be  sure  the  machine  is  amply  large.  Where  an  existing  ice-cooled  box  is  to 
cooled  mechanically  one  check  upon  the  size  of  tiie  machine  required  is  the 
lount  of  ice  used.  This  check  is  more  apt  than  any  other,  however,  to  lead 
erroneous  conclusions  unless  the  figures  are  properly  analyzed. 

Inother   Method  of  Determhifaig  die  Capacity  of  a  Refrigeniting-Machiae. 
;e  following  is  a  method  that  gives  good  results,  except  that  allowance  may  be 
ide  in  the  larger  boxes  and  where  brine-storage  tanks  are  provided  in  the  box 
the  steadying  effect  of  the  mass  of  cold  brine: 

[x)  The  ice-consumption  for  the  hottest  month  of  the  year  should  be  deter- 
ned.    This  will  give  the  average  ice-consumption  for  that  month. 

[2)  The  average  temperature  that  b  maintained  in  the  box  with  ice  should 
m  be  accurately  determined.  This  will  usually  be  from  55  to  65**  F.  It  will 
nmonly  be  stated  to  be  anywhere  from  40  to  45**  F.,  but  these  temperatures 
i  seldom  obtained.  Even  if  they  are,  with  a  full  ice-chamber  and  the  box 
sed  for  long  periods  the  average  will  be  above  these  figures.  Unless,  there- 
e,  there  is  positive  assurance  to  the  contrary,  from  55  to  60*  F.  should  be 
isidered  the  average  temperatures. 

[3)  A  calculation  should  then  be  made  of  the  heat-inflow  throtigh  the  insula- 
n,  with  a  temperature  of  55°  F.  in  the  box  and  with  the  average  summer 
nperature  outside.  The  difference  between  the  heat-inflow  through  the 
ulation  and  the  total  heat  actually  absorbed  by  the  melting  of  the  ice  is  the 
lount  entering  the  box  from  other  sources  than  through  the  insulation.  This 
9ess  of  heat  ordinarily  occurs  during  the  hours  of  daytime  only,  that  is,  when 
i  box  is  being  opened,  since  at  night  the  box  will  remain  closed.  A  machine 
sufficient  capacity  to  produce  the  temperature  actually  obtained  with  ice 
tst,  therefore,  be  of  larger  rated  capacity  than  that  indicated  by  the  actual 
-consumption;  and  how  much  larger  it  should  be  can  be  determined  by  this 
thod. 

[4)  A  further  fact  which  it  is  claimed  should  be  taken  into  account  in  deter- 
ning  the  proper  size  of  a  machine  is  that  temperatures  obtainable  with  ice 
:  often  unsatisfactory.  If  they  were  always  satisfactory  one  reason  for.put- 
g  in  cooling-machiner)'  would  be  done  away  with.  Where  55°  F.  is  obtained 
:h  ice,  from  35  to  45°  F.  will  be  required  with  mechanical  cooling  and  the 
chine-size  must  be  further  increased  in  the  ratio  of  the  temperature-difler- 
?es  between  average  summer  temperatures  and  35°  F.,  and  average  sununer 
iperatures  and  55'  F. 

5)  The  cooling-machine  if  installed  in  accordance  with  these  figures  would 
idle  average-weather  conditions  but  would  not  be  adequate  for  extreme 
:-weather  conditions,  the  most  important  conditions  to  be  met  by  cooling- 
chlnery.  It  is  necessary,  therefore,  to  further  increase  the  size  of  the  machine 
the  ratio  of  the  difference  in  temperature  between  maximum  summer  tem- 
ature  and  35**  F.,  and  average  summer  temperature  and  35°  F. 

6)  A  further  allowance  should  be  considered,  namely,  the  fact  that  in  many 
es,  for  one  reason  or  another,  it  is  not  possible,  or  else  not  desirable,  to  oper- 

the  machine  except  during  certain  periods  of  the  day,  and  the  machine-size 
at  be  increased  as  much  as  may  be  required  to  take  care  of  these  conditiooa. 
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(7)  If  the  machine  is  not  placed  directly  at  the  box  to  be  cooled,  albwcg 
must  be  made  for  the  heat-inflow  into  the  insulated  brine-mains.  The  ascsa 
of  heat  entering  from  this  source  is  often  of  considerable  importance,  paitb 
larly  with  small  machines.  The  table  below  gives  heat  transmissbns  fw  d 
pipe-covering  and  some  other  materials. 

Water  and  Bfilk-Cooling.  Mechanical  refrigeration  as  applied  to  cocfii 
water  and  milk  differs  in  one  respect  from  other  classes  of  refrigerating-iiil 
A  relatively  intense  qoantity  of  cooling  effect  is  called  for  in  a  brief  istsn 
of  time.  For  instance,  in  a  drinking-water  system  the  heaviest  reqdreaol 
may  come  at  the  noon-hour.  In  a  bakery,  ako,  the  demand  for  chilkd  nv 
will  be  intermittent,  a  large  quantity  of  water  being  required  for  the  d?4 
mixing.  In  dairy-work  the  milk  must  be  cooled  very  rapidly  to  dxcLii: 
development  of  bacteria  which  grow  with  Incredible  rapidity  within  the  la 
perature-range  of  from  no  to  50°  F.  To  install  a  large  enough  refriKBid^ 
machine  to  produce  the  required  cooling  effect  as  it  is  needed  would  io  m 
cases  call  for  a  very  large  machine.  This  is  overcome  by  using  a  ub^ 
machine  and  allowing  it  to  operate  for  a  longer  time,  say  througboetd 
day,  storing  the  refrigeraring  effect  produced  by  cooling  a  large  body  of  bzii 
or  melting  the  ice  as  rapidly  as  may  be  required.  For  instance,  if  50  d 
of  milk,  of  40  qta  each,  are  to  be  cooled  from  a  temperature  of  from,  say,] 
to  35*^  F.,  in  X  lK>ur,  the  refrigeration  required  will  be  50  cans  times  40  qts  lia 
2  lb  per  qt  times  (75°  F.  —  35°  F.),  which  equals  320000  Btu.  Milk  is  trctf 
in  the  calculation  as  having  the  same  specific  heat  as  water,  sincx  water  iaa 
so  large  a  percentage  of  its  total  weight.  This  amount  of  refrigentioD  p 
duced  by  a  machine  running  12  hours  per  day  would  require  the  macfabet 
absorb  320000  Btu  divided  by  12,  or  26  000  Btu  per  hour.  The  qua&titvi 
brine  necessary  to  store  the  cooling  effect  may  be  calculated  closely  ei^M^^i 
practical  purposes  by  using  the  following  approximate  figures.  The  sped 
heat  of  brine  is  0.75.  The  weight  of  the  brine  is  9  lb  per  gallon.  The  pesi 
sible  temperature-range  of  the  brine  depends  upon  the  conditions  and  m^i 
from,  say,  30  to  15^  F.,  or  lower.  In  other  words,  the  temperature  to  vU 
the  brine  can  be  permitted  to  rise  is  limited  to  the  temperature  it  must  pradi 
in  the  room  or  in  the  substance  being  cooled,  and  the  temperature  to  iA 
the  brine  can  be  cooled  in  storing  cold  is  limited  by  the  decrease  in  eooDOiqyi 
the  refrigerating-machine  at  the  low  temperatures. 

The  Value  of  Oeod  Insolation.  (See,  also,  Insulation,  page  i€&y)  H 
importance  of  good  insulation  cannot  be  too  strongly  emphasiaed.  \  (J 
storage  nxm  or  refrigerator  and  its  contents  may  be  cooled  by  ice  or  med^ 
cal  means,  but  unless  the  walls  are  adequately  insulated,  the  demand  cad 
by  the  inflow  of  heat  through  the  poor  insulation  may  be  more  than  *Jbtt 
supply  or  refrigerating-machine  can  meet  to  maintain  the  required  txsspt 
ture.  The  almost  universal  standard  of  insulation  for  cold-storage  rooiaa  if 
4-in  thickness  of  pure-cork  sheet.  The  following  table  shows  the  heat  VM 
mitted  through  x  in  in  thickness  of  each  of  the  substances,  per  square  fiodti 
exposed  surface  per  degree  difference  in  temperature  per  24  hours. 


Pure-cork  sheets 6.4  Btn 

Hair-felt .' 7-3  Btu 

Impregnated  cork  boards S.5  Btu 

Rock-wool  blocks g.o  Btu 

Waterproofing  lith-blocks 8.5  Btu 

Spruce,  clear  and  dry x6.oBtu 

White  oak a6.o  Btu 
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X>esign  of  Refrigerators.  Diepoettioa  of  CooUac-SurfMM.  (See,  als(H 
bject  of  Refrigerators,  page  1679.)  No  attempt  need  be  made  to  describe  all 
the  many  arrangements  of  refrigerated  compartments  that  are  to  be  found  in 
rvice.  The  intention  is  to  point  out  some  of  the  more  important  things  to 
conaidered  in  determining  upon  the  design  of  a  box.  It  is  desirable  in  a 
kigerator  to  produce  not  only  a  low  temperature,  but  a  relatively  dry  atmos- 


Coolinc-Stirface  and  Temperature.  Securing  the  low  temperature  is  merely 
{uestion  of  supplying  sufficient  cooling-surface  to  produce  the  desired  results 
th  the  temperature  available  in  the  refrigerant.  The  amount  of  surface 
luired  is  influenced  by  the  arrangement  of  the  box,  that  is^  whether  or  not 
i  air  i>asses  freely  or  sluggishly  over  the  surface,  whether  the  cooling-surface 
;>la<;ed  on  the  ceiling  or  walls  of  the  compartment  or  in  a  loft  and,  if  the  latter 
angement  b  used,  whether  or  not  the  air-passages  are  of  proper  size  and  the 
eolation  between  the  loft  and  the  compartment  sufficient. 

Oryness  of  Atmosphere  and  Temperature.  To  secure  a  box  of  satisfactory 
mess  it  is  necessary  to  have  a  relatively  low  temperature  in  the  refrigerant, 
e  air  which  p>as6es  over  the  cooling-surfaces  is  practically  in  a  saturated  con- 
ion  when  it  leaves  them.  If  it  is  to  be  dry  at  the  temperatiue  required  in 
i  box,  it  must  have  been,  necessarily,  cooled  well  below  the  box-temperature. 
r  instance,  in  a  box,  the  temperature  of  which  is  maintained  at  35°  F.,  the 
ne  should  be  run  at  a  temperature  of  from  about  20**  to  25°  F.  It  is  further 
arable  to  so  locate  the  cooling-surface  that  frost  in  melting  will  pass  out  of 
'.  box  quickly  and  not  remain  to  be  reabsorbed  by  the  air  in  the  box. 

kcrangemantB  of  Coolinc-Surfacee.  There  are  several  common  arrangements 
Doolinip-surfaces  in  refrigerators.  Sometimes  the  coils  are  arranged  overhead, 
t  directly  in  the  compartment  to  be  cooled.  This  is  one  of  the  efficient  ways 
which  a  cooling-surface  can  be  arranged,  so  far  as  the  cooling  effect  alone  is 
icerned.  It  is  not,  in  general,  a  good  arrangement,  however,  since  frost 
Iting  from  the  coils  drips  on  the  goods.  In  another  arrangement  the  cooling- 
faces  are  on  the  wall.  This  is  preferable  to  the  ceiling-arrangement,  as  far 
the  dripping  is  concerned.  The  objection  to  it  is  that  goods  placed  close  to 
I  walls  are  apt  to  be  overchilled,  while  goods  nearer  the  center  of  the  com- 
tment  are  not  cooled  quickly  enough.  It  also  wastes  floor-space,  because 
:king  goods  close  to  the  coils  is  not  practicable  on  account  of  possible  over- 
Iling  and  also  on  account  of  the  liability  of  retarding  the  air-circulation.  The 
ll-arrangement  for  cooling-surfaces  is,  nevertheless,  often  the  most  practica- 
mcthod.  Another  method  involves  a  modified  form  of  wall-coil  arrangement 
which  a  brine-storage  tank  is  used  to  assist  in  maintaining  the  temperature 
en  the  machine  is  shut  down.  A.  further  modification  is  often  introduced, 
which  a  partition  or  baffle-plate  is  used  in  front  of  the  colls.  The  best  types 
box^arrangement  are  those  in  which  the  cooling>surface  is  separated  from  the 
rage-space  and  is  so  arranged  as  to  secure  an  active  circulation  of  the  air 
nr  the  coils  and  through  the  compartments.  In  all  of  these  plans  the  one 
Itdrement  calling  for  the  greatest  care  is  that  the  air-passages  shall  be  as 
ect  as  possible  and  of  ample  si^e.  The  force  causmg  the  air  to  circulate, 
nely,  the  difference  in  weight  due  to  differences  in  temperature  and  density 
ween  the  column  of  air  in  the  coil-compartment  and  that  in  the  storage- 
Bpartment,  is  so  extremely  small  that  any  slight  interference  is  a  serious 
tter.  An  extra  turn  in  the  passage  or  a  slight  reduction  in  the  ske  of  the 
^age  will  produce  a  marked  effect.  A  good  rule  to  follow  is  to  make  the 
■age  as  large  as  it  can  be  made  without  allowing  any  drip  to  reach  the 
BBge-oompartment.    This  will  work  out  in  many  cases  to  show  a  ratio  of 
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X  to  8  or  9  between  the  acea  of  the  passage  and  the  floor-area  of  the 
ment;  but  even  i  to  6  is  just  that  much  better  if  it  can  be  secured.  Theai 
of  proportioning  the  size  of  the  air*passages  is  of  much  less  importans  rii 
the  air  is  circulated  by  fans.  Forced  circulation  is  not  usual,  however,  e^ 
in  large  storage-refrigerators,  and  no  attempt  will  be  made  here  to 
One  precaution  that  must  be  taken  in  arranging  the  cooling-surface, 
in  sniall  and  frequently  opened  boxes,  is  the  avoidance  of  any  undue  coclifi 
walls  or  ceilings  that  are  exposed  to  ciurents  of  warm  air  when  the  doc 
opened.  Moisture  from  the  incoming  air  deposits  on  these  surfaces  and  ca 
the  offensive  so-called  sweating  of  the  box.  This  is  most  often  seen  m  i 
storage-compartment  side  of  uninsulated  coil-compartment  floors  or  pazttta 
and  also  occurs  on  walls  or  ceilings  where  the  cooling-pipes  are  set  very  dosi 
these  surfaces.  The  obvious  and  effective  cure  is  to  insulate  the  pvaa 
between  coil-compartments  and  storage-compartments  and  keep  ox&i^^ 
faces  well  av^^ay  from  walls  or  ceilings,  from  3  to  8  in,  depending  upon  tk  ta 
perature  of  the  brine. 

Incidental  Notes  on  Refrigerators.  Drawers.  In  restaurant4ddi 
and  elsewhere  it  is  sometimes  convenient  to  have  a  box  fitted  with  a  maA 
of  refrigerated  drawers.  The  heat-leakage  through  the  many  joints,  thn^ 
slides  which  are  invariably  only  partially  closed,  and  through  the  poor  'msi 
tion  of  the  drawers,  is  very  great.  Where  it  is  at  all  possible  to  do  sa^  £ 
best  to  arrange  an  insulated  door  covering  the  entire  drawer-^>ace. 

Anterooms.  In  storage-rooms  of  medium  to  large  size  the  air-interdi4 
due  to  opening  doors  is  reduced  to  a  minimum  by  arranging  an  anterooai< 
entry  which,  after  it  is  entered,  has  its  outer  door  closed  before  the  door  to  I 
storage-room  proper  is  opened.  Where  two  rooms  are  side  by  side,  it  is  oil 
possible  to  reduce  the  interchange  of  air  by  treating  the  one  room  as  aa  a 
room  of  the  other,  having  but  one  door  to  the  outside  air.  I 

Doors.  Special  note  should  be  made  as  to  the  design  of  doors  for  refrigori 
rooms  or  boxes.  There  is  a  common  idea  that  a  refrigerator-door  sboaMl) 
beveled.  As  a  matter  of  fact  no  more  certain  means  of  ensuring  air-kii4 
could  be  devised.  A  perfectly  fitted  beveled  door,  himg  accurately  in  pfal 
could  perhaps  be  made  tight  in  the  beginning.  This  door  in  service  ai  fli 
begins  to  sag,  since  a  refrigerator-door  is  alwa3rs  heavy.  It  inmiediatdy  i< 
comes  impossible  to  force  it  to  a  tight  seat  and  continuous  leakage  of  air  hepi 
A  refrigerator-compartment  door  is  most  readily  made  tight  by  havio;  t  ■ 
surface  on  the  door  come  up  against  a  corresponding  surface  on  the  (ramt,  ^ 
a  soft  gasket  of  some  kind  between  them.  There  are  several  well  mides 
f rigerator-<ioors  on  the  market  at  prices  low  enough  to  make  it  doubtful  eoes^ 
to  attempt  the  home-made  article. 

Arrangement  d  Brine-Mains.  In  laying  out  mains  to  cany  brine  fna  A 
refrigerating-machine  to  the  refrigerator,  there  are  a  few  simple  points  tsl 
cared  for.  For  the  convenience  of  the  pipe-covering  man,  the  flow  and  retfl 
lines  should  be  placed  far  enough  apart  so  that  he  can  get  his  covering  flrii 
each  pipe  without  cutting  it  to  pieces,  or  else  they  shoidd  come  dose  tapAi 
so  as  to  be  covered  together.  A  common  difficulty  experienced  in  briDe4|i 
tems  of  refrigeration,  where  the  cooling-coils  in  several  compartroents  aie  irf 
from  the  same  main,  is  that  when  the  adjustment  of  the  valve  coatroOniik 
flow  of  brine  through  one  coil  is  changed,  it  upsets  the  adjustment  of  the  ^a^ 
system.  This  is  due  to  too  small  mains  or  too  small  a  pun^)^  or  boCL  i 
similar  action  is  observed  when  the  opening  of  a  faucet  on  a  water-pipe  ck4 
the  flow  from  other  open  faucets  on  the  line.    The  ideal  cnMS-sectiQa  ami 
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brine-mains  is  as  nearly  as  possible  equal  to  the  combined  crosS'Section 
of  the  coils  which  they  serve  at  any  one  time.  Even  with  this  proportion, 
sver,  it  is  not  possible  to  absolutely  ensure  that  the  lower  coib  will  not  rob 
upper  ones,  or  even  drain  them  completely  in  some  systems  of  piping.  A 
:  effective,  even  if  somewhat  expensive  method  of  overcoming  this  diffi- 
r,  is  by  the  addition  of  a  third  main.  In  this  arrangement  it  is  not  possible 
ne  coil  to  rob  another  to  the  point  of  draining  it. 

ilcolations  for  the  Necessary  Amount  of  Cooling-Surfaces.  No 
I  and  fast  rule  can  be  given  regarding  the  proper  amount  of  cooling-surface 
x)mpartments  of  various  sizes,  since  the  design  and  arrangement  of  the 
ng-surface  and  the  freedom  with  which  the  air  circulates  over  it  greatly 
t  the  amount  required.  As  a  general  guide,  however,  and  where  the  con- 
ns are  such  as  to  permit  a  good  circulation  of  the  air,  the  following  formula 
give  good  results.  It  will  be  understood,  of  course,  that  the  refrigeration 
ired  in  the  given  room  has  been  determined  as  previously  indicated, 
cooling-surface  required,  in  square  feet,  per  ton  of  refrigeration  equals 
3/(r  —  /)  in  which  T  is  the  temperature  desired  in  the  compartment,  and  / 
Eiverage  temperature  of  the  brine. 


Approved  Cold-Storage  Temperatures 


Articles  stored 


ef 

mb  and  mutton 

I8B 

a 

ats.  in  pickle  or  brine 

[iter,  must  be  kept  separate  from  other  goods 
8S 

rd 

oltry,  to  freeze 

ultry,  when  frozen 

ime,  to  freeze 

mie,  when  frozen 

th,  retail  fish-counters  should  be  cooled  with  ice  rather  than 

nechanically 

rstere 

er 

ines 

der 

aits ■ 

flietables 

mned  goods 

dur  and  meal 

trs 

ine  for  ice-cream  freezing 

stream,  air-hardening 

Mream,  serving-temperature 


36  to  40 

33  to  36 

29  to  32 

34  to  36 

35  to  40 
oto38 

a9t0  32 

3a  to  34 
38  to  40 

5  to  ID 
25  to  28 

5  to  10 
25  to  28 

25  to  28 
33  to  45 
33  to  42 
40  to  45 

30  to  40 

33  to  36 

34  to  40 
38  to  40 
40 

25  to  32 
5  to  10 

5 
14  to  16 


^Making.  If  the  following  facts  of  physics  are  kept  in  mind  in  consider- 
methods  of  making  ice  the  results  obtainable  may  be  understood  or  pre- 
ed: 
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(i)  Chemically  pure  water  will  freeze  solid  and  clear. 

(2)  Water  containing  impurities  in  solution  tends  in  freezing  to  foia  Ai 

impurities  out  of  solution.    The  slower  the  process  of  freezii^^ 
more  completely  is  the  purification  effected. 

(3)  Ice  forming  in  still  water  sends  out  long  slender  ciystals  which  Iboi 

in  number  and   size,  forming  a  meshwork  that  gradually  becaea 
solid  mass. 

(4)  Agitation  of  water  during  freezing  aids  in  the  separation  of  impot 

and  therefore  in  forming  solid,  clear  ice. 

(5)  Practically  all  natural  waters  contain  more  or  less  organic  or  inorp 

material  in  solution  and  invariably  contain  air  in  solution.  IV 
substances  are,  therefore,  frozen  out  of  solution  and  tend  to  cause  t 
ice  formed  to  be  ojxique,  the  lighter  substances  tending  to  zisei 
collect  near  the  surface,  and  the  heavier  ones  tending  to  sink. 
(fi)  The  rate  of  freezing  of  ice  decreases  as  the  thickness  already  foia 
increases,  so  that  the  time  required  to  freeze  increases  as  the  sqa 
of  the  thickness  to  be  frozen.  In  the  formation  of  natural  ice  I 
freezing  is  from  the  top  down  and  impurities  frozen  out  of  solutioafi 
This  and  the  motion  of  the  water,  especially  in  quiet  running  siroi 
tends  to  make  naturally  frozen  ice  transparent.  American  maadi 
turers  of  ice  have  always  tried  to  duplicate  this  clearness. 

Metiiods  oi  I««-]i«kiag.    The  method  first  adopted  in  this  ONiDtiy  w»\ 

one  in  which  distilled  water  was  used.  From  a  sanitary  point  of  vks  9 
ice  would  be  theoretically  ideal.  Practical  difficulties  make  it  almost  iiqN 
sible  to.  secure  pure  ice  in  this  way.    Some  of  these  difficulties  are: 

(i)  Removal  of  oil  from  the  distilled  water,  this  oil  being  pidEfid  vpist 
steam  passes  through  the  cylinder  of  the  engine.  It  is  daScA 
remove  organic  oil  which  is  present  in  the  lubricant. 

(2)  Assurance  that  the  filters  are  in  proper  shape,  an  assurance  olteo  uap 
sible  to  obtain  since  this  apparatus  is  ordinarily  used  the  season  tism 
without  overhauling. 

C3)  Possibility  of  contamination  in  the  storage-tank  where  the  distxDed  nt 
is  held  and  usually  precooled  to  as  near  32T.  as  pooibfe,  M 
passing  to  the  f reezing^cans,  thus  saving  time  in  the  freeziog  pne 
in  the  tank. 

(4)  Possible  contamination  from  handling  the  cans  and  the  woodci  con 
over  them.  These  covers  form  the  top  of  the  freezing-tank  in  «i 
the  cans  of  water  are  immersed  in  cold  brine  for  freezing  audi 
tramped  over  by  the  ice-harvester  with  the  consequent  possibifi^ 
dirt  getting  into  the  cans. 

A  second  system  of  ice-making  in  common  use  in  this  country  is  tiie  ftf 
SYSTEM.  In  this  process  the  ice  is  formed  on  vertical  steel  plates.  NaM 
or  raw  water  is  used  and  the  bath  is  agitated  by  various  methods.  Tfaei 
suiting  ice  is  very  clear  and  dense.  In  this  system  when  the  ice  b  fooned 
the  desired  thickness,  usually  about  12  in,  it  is  loosened  from  the  fieeai 
plate  by  various  thawing-arrangements  in  different  forms  of  the  appiiail 
The  ice-plates,  often  9  by  16  ft  by  12  in  in  thickness,  are  lifted  fran  tkt  m 
by  overhead  cranes  and  carried  to  a  table  n^iere  they  are  cttt  lo  coBaatfrf 
sizes.  While  the  plate  process  is  usually  very  slow  on  account  of  the  6 
that  the  freeaiiig  is  Iron  one  aideonly,  it  is  larg^  used  aad  lends  itadf  tBl* 
econoKty  in  steanKoosumptioa,  whereas  in  the  old-style  diatflled^wrtec  8 
making  plant  the  amount  of  steam  required  to  make  the  ice  was  mare  tbm 
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taomkal  engine  would  use  and  it  was  not  poeaible  to  obtain  fuel-economy. 
e  modified  fonn  of  this  system,  now  coining  into  considerable  favor,  is 
inged  so  that  stationary  cans  are  filled  with  raw  water  and  kept  agitated 
compressed  air  bubbling  up  through  it.  When  the  freenng  has  progressed 
lewhat  the  remaining  water  is  drawn  off  and  replaced  by  fresh  water,  thus 
loving  the  greater  part  of  the  Impurities  that  have  been  frosen  out  of  solu- 
1.  Various  other  inodificationt  of  these  two  systems  of  ice-making  have  been 
1  are  being  developed.  All  of  them  depend,  however,  upon  the  series  of 
fsical  facts  stated  in  the  preceding  paragraphs,  and  the  results  may  be 
dysed  by  reference  to  them. 

RelatiTe  Economy  of  Producing  Refrigeration  M eehmnicaUy  and  by 

t.  (i)  In  determining  the  cost  of  retkigeration  by  ice,  account  must 
taken  not  only  of  the  cost  of  the  ice  but  of  melting,  of  the  imcertain  ice- 
vest,  of  the  amount  of  ice  left  over  at  the  end  of  the  season  and  of  that 
len  together  in  the  storage  and,  therefore,  practically  useless.  Regarding 
melting,  it  may  run  anywhere  up  to  50%  of  the  total  ice-harvest.  The 
mtity  left  over  at  the  end  of  the  season  is,  of  course,  so  variable  that  it  is 
)ossible  to  estimate  it,  this  being  purely  a  matter  of  chance.  In  many 
es,  however,  it  is  a  very  large  item.  The  loss  by  the  ice  freezing  together 
the  storage  can  be  reduced  to  a  ver>'  small  amount  where  the  ice  is  properly 
ked  with  distance-strips  between  the  ice-cakes.  Proper  packing  is  much 
re  readily  carried  out,  however,  where  artificial  ice  is  stored  than  where 
ural  ice  is  held,  and  a  mechanically  cooled  ice-storage  is  less  subject  to  this 
iculty,  since  the  temperature  is,  of  course,  constantly  held  below  the  melting- 
nt  of  ice.  (2)  The  total  cost  of  refrigeration  produced  mechanically 
ludes  the  cost  of  power,  water,  oil,  refrigerant  (usually  ammonia),  labor 
L  attendance,  and  interest  and  depreciation  on  the  investment.  The  £gurcs 
these  items  vary  between  wide  limits.  The  following  figures,  however,  will 
of  interest.  Care  should  be  taken  in  drawing  condu^ons  from  them  as  to 
t  in  prospective  installations.  These  figures  are  from  the  annual  cost  of  an 
4nanufacturing  company  having  a  capacity  of  i  500  tons  per  day  in  plants 
ging  in  size  from  50  to  100  tons  per  day  each. 

Coal 40  cts  per  ton  of  ice  produced. 

Labor 50  cts  per  ton  of  ice  produced. 

Anmionia xo  cts  per  ton  of  ice  produced. 

Water 5  cts  per  ton  of  ice  produced. 

Waste,  power,  oil,  etc 10  cts  per  ton  of  ice  produced. 

Total $1 .  15  per  ton  of  ice  produced. 

TOWER-CLOCKS  * 

Role  for  Diameter  of  Dials.  "To  look  well  and  show  plainly,  dials  should 
I  ft  in  diameter  for  every  10  ft  01  elevation  and  should  set  out  flush  with  or 
Be  to  the  line  of  the  building  or  tower."  t 

EMmenaions  of  Some  Large  Clock-Faces.  Colgate's  Factory,  Jersey 
ty,  N.  J.  The  diameter  of  the  dial  is  40  ft.  The  minute-hand  is  20  ft  long 
3  2  ft  XI  in  in  extreme  width,  and  the  hour-hand  is  15  ft  long  and  3  ft  10  in 
extreme  width.  The  minute-hand  weighs  640  lb  and  the  hour-hand  500  lb. 
is  is  the  largest  clock  in  the  world. 

'  FcHT  a  dcacripCiaD  of  the  requirements  of  iostaOation  of  towtr<bcki,  ice  pige  154 

'Churches  and  Chapels,"  by  F.  £.  Kidder. 

'  Seth  Thomas  Ckxk  Company,  Tbomaiton,  Conn. 
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Bromo-Seltzer  Building,  Baltimore,  Md.    The  diak  are  34  ft  m 
The  minute-hand  is  12  ft  7  in  and  the  hour-hand  9  ft  8  in  from  tip  to  tipi 
minute-hand  weighs  175  lb,  the  hour-hand  145  lb. 

Daniels-Fisher  Building,  Denver,  Colo.    The  dials  are  15  ft  6  in  in 
The  minute-hand  is  7  ft  10  in  and  the  hour-hand  5  ft  7  in  long. 

Maryland  Casualty  Building,  Baltimore,  Md.    The  dials  are  17  ft  i 
eter.    The  minute-hand  is  8  ft  4  in  and  the  hour-hand  5  ft  ix  in  loog. 

Elgin  Watch  Company's  Factory,  Elgin,  III.    The  dials  are  14  ft  6  is  in  ( 
eter.    The  minute-hand  is  7  ft  4  in  and  the  hour-hand  5  ft  4  in  long. 

Tower-dock,  Station  of  the  Central  Railroad  of  New  Jersey,  at  Co 
paw,  N.  J.    The  diameter  of  the  single  dial  is  14  ft  3  in;  the  minut 
7  ft  long  and  weighs  40  lb;  the  hour-hand  is  5  ft  long  and  weighs  iS lb. 
motive  power  is  furnished  by  a  weight  of  700  lb,  hung  from  a  H-in  sted 

Four-dial  clock,  Produce  Exchange  Building,  New  York.    The 
each  dial  is  t  2  ft  6  in. 

Four-dial  clock,  Chronicle  Tower,*  San  Francisco,  Cal.    The  diameter  di 
dial  is  16  ft  6  in;  length  of  minute-bands,  8  ft;  length  of  hour-hands,  5  ^t(| 
The  mechanism  of  the  clock  is  6  ft  i  in  high  and  weighs  3  000  lb. 

Pneumatic  clock.  City  Hall  and  Court-House,  Minneapolis,  Minn.  Vitk 
are  23  ft  4  in  in  diameter. 

LIBBAET  BOOK-STACKS 

The  Stack-Work  in  General.  The  stack-room  of  a  library  is  usmlif  t 
off  by  fire-proof  doors  from  the  rest  of  the  building.  The  customary  pii 
among  architects  is  to  make  the  stack- work  a  separate  contract  and  hxstt 
general  contractor  turn  the  stack-room  over  to  the  stack-<»ntractor  wftk  i 
ished  floors,  walls  and  ceilings.  The  stacks,  made  entirely  of  incxmboi^ 
materials,  are  then  built  as  an  independent  structure.  j 

Book-Ranges.  The  book-ranges  are  usually  double-faced  and  ut  j/^ 
in  parallel  rows  with  aisles  between.  The  minimum  aisle-width  is  about  1^ 
4  in.  Radial  ranges  waste  space  and  are  costly.  Single-faced  raa£esl| 
relatively  more  expensive  than  double-faced  ranges.  I 

Tiers.  All  stacks  are  divided  in  their  height  into  tiers  by  deck-iiioB| 
order  that  all  shelves  may  be  easily  reached.  The  regular  tier-hd^ht  b  fl 
or  7  ft  6  in.  1 

Deck-Floore«  Deck-floors  are  composed  of  slabs  of  H-ia  roogfa  {M 
glass  or  iV4-in  white  marble,  supported  on  steel  framework.  A  k>n&  aflf 
opening  or  deck-slit  is  left  between  the  edge  of  each  deck-floor  and  the  ba^ 
each  range  to  allow  proper  ventilation  of  the  stack-tiers.  The  net  tfakiS^ 
from  top  of  deck  to  bottom  of  steel  framework  is  from  3^  to  3H  in  for  oitSai 
spans.    The  deck-floors  are  carried  by  the  shelf-supports. 

Vertical  Communication.  Continuous  flights  of  stairs  of  simpk  deil 
and  construction  are  placed  at  central  paints.  Books  are  moved  up  and  dp 
by  means  of  dumb-waiters  operated  by  hand,  fsjr  short  run%  or  by  » 
power  controlled  by  push-buttons. 

Shelf-Sttpports.  The  shelf-supports  are  made  in  various  ways,  &^ 
with  each  manufacturer.  In  the  best  construction  they  extend  the  fufl  «■ 
of  the  shelves  so  as  to  hold  up  the  shelves  and  books  without  the  vsttit 
projecting  brackets.  They  are  made  of  sufficient  strength  to  cany  the  cM 
bined  loads  of  books,  deck-floors  and  superimposed  stack-^tieis.    iW  ^ 

*  Destroyed  in  the  earthquake  and  fire. 
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wide  for  a  uniform  shelf-adjustment  at  intervals  of  about  i  in.  Compact- 
8  is  important.  Open-work  shelf-supports  promote  proper  lighting  and 
itilation. 

ShelTes.  In  each  tier  of  regular  height  there  are  usually  six  rows  of  adjust- 
e  shelves  and  one  row  of  fixed  shelves.  Shelves  are  generailj  8  or  lo  in  wide 
1  3  f t  long.  Other  sizes  are  supplied  if  necessazy.  The  adjustable  shelves 
made  of  solid  plates  of  sheet  steel  or  of  parallel  bars  with  spaces  between, 
e  fixed  shelves  are  placed  about  a  in  above  each  floor-level.  They  are  made 
solid  plates  of  steel  to  form  dust-stops,  fire-stops  and  water-stops  between  the 
rs. 

^nish.  The  adjustable  shelves  are  always  completely  finished  with  baked 
Lmel  before  delivery.  The  fixed  parts,  also,  of  the  stack-construction  may 
finished  at  the  shop  with  baked  enamel,  or  preferably  with  air-dr>'ing  enamel, 
er  erection  at  the  building,  so  as  to  permit  repair. 

Lighting.  Electric-light  wires  are  carried  in  -metal  conduits  supported  by 
!  steel  framework  of  the  deck-floors.  Lights  of  i6  candle-power  are  spaced 
>ut  6  ft  apart  in  range-aisles  and  12  ft  apart  in  main  aisles. 

Seating.  Indirect  radiation  is  best  for  books.  The  lower  tiers,  only,  of  a 
ck  should  be  heated,  to  prevent  the  upper  tiers  from  becoming  too  warm. 

i^entilation.  Large  stacks  are  usually  ventilated  artificially  to  prevent  the 
ly  of  dust  and  outside  air  through  open  windows.  In  the  Library  of  Con- 
ss,  in  Washington,  D.C.,  fresh,  filtered  and  tempered  air  is  forced  in  at  the 
torn  tier,  finds  its  way  up  through  the  stack  by  means  of  the  deck-slits  and 
irawn  out  at  the  top  tier. 

KTeights.  The  shelves  and  shelf-supports  *  weigh  from  7  to  10  lb  per  cu  ft 
book-range.  Books  weigh  about  20  or  25  lb  per  cu  ft  of  book-range.  The 
el  deck-floor  framing  weighs  from  4  to  6  lb  per  sq  ft  of  gross  area  of  deck- 
>r.  Marble  floor-slabs,  iH  in  thick,  weigh  about  20  lb  per  sq  ft,  and  94- in 
igh,  plate-glass  slabs,  about  10  lb  per  sq  ft  of  net  area. 

Sook-Capacities.  Book-capacities  per  linear  foot  of  shelf  may  be  figured  on 
:  following  basis:  law-books,  5  volumes;  reference  books,  6  volumes;  scien- 
c  books,  7  volumes;  general  literature,  from  8  to  10  volumes.  The  average 
the  Library  of  Congress  is  8H  volumes  per  linear  foot.  An  ordinary  stack- 
:,  7  shelves  high  with  double-faced  ranges  16  in  deep  (or  8-in  shelves)  and 
tes  32  in  wide,  with  a  reasonable  allowance  made  for  cross-aisles,  stairways, 
,  will  contain  about  22  volumes  per  sq  ft  of  gross  area. 

^ost.  The  cost  in  the  United  States  of  library-stacks  of  standard  construe-" 
a  varies  from  50  cts  to  $1  or  more  per  linear  foot  of  shelving.  Economy  is 
ured  by  following  established  standards  while  special  designs  increase  the  cost. 

CLASSICAL   MOLDINGS 

hf  oldings  are  so  called  because  they  are  of  the  same  shape  throughout  their 
gth  as  though  the  whole  had  been  cast  in  the  same  mold  or  form.  The  regu-> 
moldings,  as  foimd  in  remains  of  classic  architecture,  are  eight  in  number, 
shown  in  the  accompanying  illustration,  and  are  known  by  the  following 
oes:  The  last  two  are  commonly  called,  also,  ogef.  moldings.  Some  of  these 
ns  are  derived  thus:  fillet,  from  the  French  word  fil,  a  thread;  astragal, 
DB  ASTRAGALOS,  a  bone  of  the  heel,  or  the  curvature  of  the  heel;  bead,  because 
I  molding,  when  properly  carved,  resembles  a  string  of  beads;  torus,  or  tore, 

•  As  made  by  Snead  &  Co.,  Jersey  City,  N.  J. 
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Pel 


the  Greek  for  rope,  which  it  resembles  when  on  the  base  of  a  columo; 
(rom  SKOTIA,  darkness,  because  of  the  strong  shadow  cast  in  its  hoUow,  aod 
is  increased  by  the  projection  of  the  torus  above  it;  ovolo,  from  ovum,  as 
which  this  member  resembles  when  carved,  as  in  the  Ionic  capital:  c&r 

from  CAVus,  hollow;  CYJiATint 

I         I  cz 


=1 

AwnalM.  bud,  clBvtui*.  fllkt, 
Ibtcl.  oraqiun. 


J 


) 


Torui.  or  tore. 


L 


Sratla,  trochlliM  or  BMutk. 


Orolo  quaruir-rottBd.  or  cchlBM.    C«*etta.  on*,  or  holWw. 


C^oiuiam.  or  o7«»4«rtft. 


iBTotod  ttfmatbtm,  m 


KUBiAXON,  a  wave. 

Characteristics  irf  Moldiifk 
None  of  these  moldings  is  peaiSxl 
any  one  of  the  <H:ders  of  ardiitcaai 
and  although  each  has  its  appnpoll 
use,  it  is  by  no  means  confined  Ui^ 
certain  position  in  an  assernhby^ 
moldings.  The  use  of  the  5]kt  i^ 
also  of  the  astragal  and  torus  «ii 
resemble  ropes,  is  to  bind  the  pait 
The  ovolo  and  C3rma-reversa  aitrtn^ 
at  their  upper  extremities,  asdil 
therefore  used  to  support  pnjatii 
parts  above  them.  The  cyma-recta  and  cavetto,  being  weak  at  thar  sffe 
extremities,  are  not  used  as  supporters,  but  are  placed  uppermost  tocovcrai 
shelter  the  upper  parts.  The  scotia  is  introduced  in  the  base  of  a  0^0111 1 
separate  the  upper  and  lower  torus,  and  to  produce  a  pleasing  variety » 
relief.  The  form  of  the  bead  and  that  of  the  torus  are  the  same;  the  reaai 
for  giving  distinct  names  to  them  is  that  the  torus,  in  every  order,  is  aliv 
considerably  larger  than  the  bead  and  is  placed  among  the  base-moliSai! 
whereas  the  bead  is  never  placed  there,  but  on  the  capital  or  cnt&bkc 
The  torus,  also,  is  seldom  carved,  whereas  the  bead  is;  and  while  the  ton 
among  the  Greeks,  was  frequently  elliptical  in  its  form,  the  bead  retains  i 
circular  shape.  While  the  scotia  is  the  reverse  of  the  torus,  the  cavetto  '^  ^ 
reverse  of  the  ovolo,  and  the  cyma-recta  and  cyma-reversa  are  combinaiiiO 
of  the  ovolo  and  cavetto. 


THE   CLASSICAL   ORDERS " 

Origin  of  the  Orders.  "In  the  classical  styles  several  varieties  ot  coia 
and  entablature  are  in  use.  These  are  called  the  orders.  Each  order  oofBim 
a  COLUMN  with  a  base,  shaft  and  capital,  with  or  without  a  pedestal,  vitki 
BASE,  DIE  and  cap,  and  is  crowned  by  an  entablature,  consisting  of  AKCsnun 
FRIEZE  and  CORNICE.  The  entablature  is  generally  about  one-fourth  as  bi^i 
the  column,  and  the  pedestal  one-third,  more  or  less,  .\mong  the  Gtwbi 
forms  used  by  the  Doric  race,  which  Inhabited  Greece  itself  and  had  cofcotei 
Sicily  and  Italy,  were  much  unlike  those  of  the  Ionic  race,  which  inhabited* 
Western  coast  of  Asia  Minor,  and  whose  art  was  greatlj-  influenced  bj-tbitf 
Assyria  and  Persia.  Besides  the  Ionic  and  Doric  styles,  the  Romans  dene 
a  third,  which  employed  brackets,  called  modilltoxs,  in  the  comke,  uri  ■ 
much  more  elaborate  than  either  of  them;  this  they  called  the  CoanfiBi* 
They  used  also  a  simple  Doric  called  the  Tuscan,  and  a  cross  betweeaA 
Corinthian  and  Ionic  called  the  composite.    These  are  the  n\"E  oxdeiS-  T^ 

*  The  paragraphs  in  quotation-inarks  are  taken  from  The  .\iiiericaa  llgaoli  b?  ^ 
fessor  W.  R.  Ware,  by  perrnissioa  of  the  owners  of  the  oopyrifcht,  the  IntematioaBl  Id 
book.  Company,  Scranton,  Pa.,  proprietors  o[  the  Intemtttiooal  CorrespOBdoKt  S(M 
The  engravings  were  made  especially  for  this  book,  and  correspond  with  tbe 
drawings  prepared  by  Giacomo  Baroszi  da  Vignola. 
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icient  examples  vazy  much  among  themselves  and  differ  in  different  places, 
d  in  modem  times  still  further  varieties  are  found  in  Italy,  Spain,  France, 
brmany  and  £ngland.  The  best  known  and  most  admired  forms  for  the  orders 
e  those  worked  out  by  Giacomo  Barood  da  Vignola  in  the  sixteenth  centuiy 
>Ri  the  study  of  ancient 
amples. " 

The  Tuscan  Order, 
rhe  distinguishing 
laracteristic  of  the  Tus- 

LN    ORDER     (Fig.     1)     is 

Biplicity.  Any  forma 
pedestal,  column  and 
itablature  that  show 
It  few  moldings,  and 
lose  plain,  are  con- 
dered  to  be  Tuscan." 

The     Doric    Order. 

The  distinguishing 
laracteristics  of  the 
ORic  ORDER  are  fea- 
ires  in  the  frieze  and 
I    the  BED- MOLD  above 

called  TRIGLYPHS  and 
UTULES,  which  are  sup- 
osed  to  be  derived  from 
le  ends  of  beams  and 
dters  in  a  primitive 
ooden  construction 
ith  large  beams.  Un- 
er  each  triglyph,  and 
eneath  the  t£NIA  which 
rowns  the  architrave,  is 

little  hllet  called  the 
EGULA.  Under  the 
Sgula  are  six  long  drops, 
illed  GUTT^,  which  are 
>metimes  conical,  some- 
imes  p3rTamidal.  There 
re  also  either  eighteen 
r  thirty-six  short  cylin- 
rical  guttte  under  the 
>ffit  of  each  mutule. 
*he  gutt£  are  supposed 
0  represent  the  heads  of 
pooden  pins,  or  treenails. 
*wo  different  Doric  cor- 
ices  are  in  use,  the  mutulary  with  bracket  and  the  denticulated  with  dentils, 
be  principal  difference  being  in  the  bed-mold."  The  order  shown  in  Fig 
as  the  denticulated  cornice. 

The  Ionic  Order.  "The  prototypes  of  the  Ionic  order  (Fig.  3)  are  to  be 
nmd  in  Persia,  Assyria,  and  Asia  Minor.  It  is  characterized  by  bands  in  the 
tchitrave  and  dentils  in  the  bed-mold,  both  of  which  are  held  to  represent 
mnli  Sticks  laid  together  to  form  a  beam  or  a  roof.     But  the  most  conspicuous 


DIuienMons  are  in  Siili-s  of  DLftmeter. 
Fig.  1.    The  Tuscan  Order 
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and  distinctive  feature  is  the  scBOLis  which  decorate  the  capital  of  llic<ii!a] 
These  have  oo  stnictuial  signiGcance.  and  are  purdy  decorative  lonDi  dc 
from  Aisyiia  and  Egypt.    Originajly  the  Ionic  older  had  ud  rBiETE  ml  i 
EcmNttE  in  tike  capital.    These  vece  b(»iowed  Stom  the  Doric  onlir,  aik 


1 

be<D^ 


Fig.  3.    llie  Doric  OrdH 

like  manner,  the  dentils  and  bands  in  Ihe  Doric  were  borrowed  from  the  Ii^ 
The  Ionic  frieie  was  introduced  in  order  to  afiurd  a  place  for  sculpture,  and  « 
called  by  the  Greeks  Ihe  zoophoRocs,  or  &Kure-bearer,  The  lypUal  loMC  ttH 
is  considered  to  consist  mainly  «{  a  scotia,  as  in  some  Greek  eiampln.  h  ■ 
imnmon,  faonever,  to  use  instead  what  is  called  the  Attic  baS^  conastiu  ^  * 


WH-t-   TiBlonleante 
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SCOTIA  and  two  fillets  between  two  large  toruses,  mounted  on  a  puxth,  tk 
whole  half  a  diameter  high.  The  plinth  occupies  the  lower  third,  or  ooe-ssi! 
of  a  diameter.  Vignola  adopted  for  his  Ionic  order  a  modification  of  the  Hi± 
base,  substituting  for  the  single  laige  scotIa  two  small  ones,  separated  by  cs 
or  two  beads  and  fillets,  and  omitting  the  lower  torus. "  This  b  the  base  dwr 
in  Fig.  3.  "The  Ionic  frieze  is  plain,  except  for  the  sculpture  upoa  it-  la 
sometimes  has  a  curved  outline,  as  if  ready  to  be  carved,  and  is  then  said  tox 
PULVINATED,  from  pulvinar,  a  bolster,  which  it  much  resembles.  The  sam 
of  the  column  is  ornamented  with  twenty-four  flutings.  semicircular  in  sectioB. 
which  are  separated  not  by  an  arris,  but  by  a  fillet  of  about  one-foutth  tbs 
width.    This  makes  the  flutings  only  about  two-thirds  as  wide  as  the  Done 

,  channels,  or    about   one-ninth  of  t 

\      !       1  diameter,  instead  of  one-sizth»" 

\    i\     ;  To  Describe  tbm  Ionic  VoiaiB. 

\  !  \     !  There  aee  several  methods  of  daag 

— ^;:^^'^t?!^:^-^  ^^^  ^^^  simplest  being  by  means  of 

/^y^j^*Cl\  centers  found  as  shown  by  the  dia^nm 

yC_5^._.|,..^^ii  \  in  Fig.  4,     First  locate  the  center  of 

....y^y^TS^;;.^^j^^  the  EYE   H  D    vertically  bdow  tk 

■""t^""]j^vf  \     \i  point   A,  Fig.  3.     Then  describe  a 

KT'lTul^lx^.!  circle  with  a  diameter  equal  to  M*ft 

V    X I  yi^-'-^^-  >^  /  to  form  the  eye.    Inside  of  thb  drde 

\  *NJ ■*■["" "^~/  mscnbe  a  square  at  45  degrees  to  a 

\ij\  t  y^    >^  horiaontal;  then  draw  the  axes  i-j 

]p>s^i^--^^  and  2-4,  and  divide  each  of  these  inlB 

j   ;  ;  six  equal  parts.    -Then  with  the  pniirt 

I  ;  •  X  as  a  center,  tod  a  radius  tsia^ 

to  A,  Fig.  3,  draw  a  quarter-drck  to 
Fig.  4.    The  Ionic  Volute  line  1-3  produced,  with  2  as  a  cents; 

continue  the  curve  until  it  iotenedi 
3-3  produced,  and  so  on.  The  centers  for  the  outer  curve  of  the  volute  ait  < 
the  points  i,  2,  3,  4,  5,  6,  etc.  For  the  centers  for  the  inner  curve,  start  viUia 
point  one- third  the  way  from  i  to  5,  then  a  point  one-third  the  way  from  2  tu% 
and  so  on. 

The  Corinthian  Order.  ''The  three  distinguishing  characteristics  of  tbe 
Corinthian  order  (Fig.  5)  are  a  tall,  bell-shaped  capitxd,  a  aeries  of  ssii 
brackets  called  modiluons^  which  support  the  cornice  instead  of  mutttlcs.  ■ 
addition  to  the  dentils,  and  a  general  richness  of  detail  which  is  enhanced  Isr 
the  use  of  the  acanthus  leap  In  both  capitals  and  modillions.  Here,  again,  tfae 
Attic  base  is  conmionly  used,  but  sometimes,  especially  in  large  colxmis^,  2 
base  is  used  which  resembles  Vignola's  Ionic  base,  except  that  it  has  two  i£^ 
between  the  scotias  instead  of  one,  and  also  a  lower  torus.  The  satrriB 
fluted  like  the  Ionic  shaft,  with  twenty-four  semicircular  FLumcGS,  but  ife*" 
are  sometimes  filled  with  a  convex  molding  or  cable  to  a  third  of  their  beic^ 
Almost  all  the  buildings  erected  by  the  Romans  employ  the  Corinthian  otde' 

The  Composite  Order.  "The  composite  order  is  a  heavier  Corntlis. 
just  as  the  Tuscan  is  a  simplified  Doric.  The  chief  proportions  arc  the  sarx  « 
in  the  Corinthian  order,  but  the  details  are  fewer  and  larger.  It  owes  its  ea* 
to  the  CAPITAL,  in  which  the  two  lower  rows  of  IcaNTS  and  the  caulicou  & 
the  same  as  in  the  Corinthian.  But  the  cauHooli  carry  only  a  stimted  LE*P-»ri 
and  the  upper  row  of  leaves  and  the  sixteen  volutes  are  replaced  by  the  bif* 
ECHINUS,  SCROLLS  and  astragal  of  a  complete  Ionic  capital.  Vignoia's  coa^ 
posite  entablature  differs  from  his  Ionic  chiefly  in  the  shape  and  siae  U  ^ 
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Lightnbg-Conductors  fi 

re  more  nearly  squire  Ed  elevstion.  bau 

aith  wide,  the  WterdEntil  being  oomJ 
■□d  they  ate  set  ane-iud 
a  diameCei  apart,  od  at 
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LIGHTNING-CONDUCTOKS 

RiiloB  for  tha  Erection  of  LightnJng-CondnctorB.  Tbe  (bQDini;  > 
for  the  erection  of  lightning-conductors  were  issued  in  iSSiby  tbeDeparoiM 
Eiplo^ves  of  the  English  Home  Office  to  the  uccupleis  of  all  factorioud^ 

■  From  The  AmericaD  House  Carpata.  by  R.  G.  Hatfield. 
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i  for  explosives,  and  to  those  local  and  police  authorities  upon  whom  de- 
es the  inspection  of  stores  of  explosives: 

)  Material  of  Rod.  Copper,  weighing  not  less  than  6  oz  per  ft  run,  the 
Ileal  conductivity  of  which  is  not  less  than  90%  of  that  of  pure  copper, 
tr  in  the  form  of  rod,  tape,  or  rope  of  stout  wires,  no  individual  wire  being 
than  No.  12,  Birmingham  Wire-Gauge  (0.109  in)  the  English  standard 
-gauge.  Iron  may  be  used,  but  should  not  weigh  less  than  2^  lb  per  foot 
m. 

)  Joints.  Every  joint,  besides  being  weU  deaned  and  screwed,  scarfed, 
Ivetcd,  shoidd  be  thoroughly  soldered.  ■•    % 

>  Fonn  of  Fofaits.  The  point  of  the  upper  terminal*  of  the  conductor 
Jd  not  have  an  angle  sharper  than  90**.  A  foot  below  the  octreme  point  a 
ler  ring  should  be  screwed  and  soldered  on  to  the  upper  terminal,  in  which 
should  be  fixed  three  or  four  sharp  copper  points,  each  about  6  in  long, 
desirable  that  these  points  should  be  so  platinized,  gilded,  or  nickel-plated 
» resist  oxidation. 

)  Number  and  Height  of  Upper  Terminals.  The  number  of  conductors  or 
tr  terminals  required  will  depend  upon  the  size  of  the  building,  the  material 
rhich  it  is  constructed,  and  the  comparative  height  above  ground  of  the 
ral  parts.  No  general  rule  can  be  given  for  this,  except  that  it  may  be 
med  that  the  space  protected  by  the  conductor  is,  as  a  rule,  a  cone,  the 
is  of  whose  base  is  equal  to  the  height  of  the  conductor  from  the  ground. 

I  Curvature.    The  rod  should  not  be  bent  abruptly  around  sharp  comers. 

0  case  should  the  length  of  a  curve  be  more  than  half  as  long  again  as  its 
d.    A  hole  should  be  drilled  in  string-courses  or  other  projecting  masonry, 

1  possible,  to  allow  the  rod  to  pass  freely  through  it. 

I  Insolaton.  The  conductor  should  not  be  kept  from  the  building  by 
I  or  other  insulators,  but  attached  to  it  by  fastenings  of  the  same  metal  as 
of  the  conductor  itself. 

I  Fixing.  Conductors  should  preferentially  be  taken  down  the  side  of 
)uilding  which  is  most  exposed  to  rain.  They  should  be  held  firmly,  but 
loldfasts  should  not  be  driven  in  so  tightly  as  to  pinch  the  conductor  or 
eat  contraction  and  expansion  due  to  change  of  temperature. 

I  Other  Metalwork.  All  metallic  spouts,  gutters,  iron  doors,  and  other 
les  of  metal  about  the  building  should  be  electrically  connected  with  the 
uctor. 

I  Earth-Connection.  It  is  most  desirable  that,  whenever  possible,  the 
r  extremity  of  the  conductor  should  be  buried  in  permanently  damp  soil. 
De,  proximity  to  rain-water  pipes  and  to  drains  or  other  water  is  desirable, 
a  very  good  plan  to  bifurcate  the  conductor  close  below  the  surface  of  the 
nd,  and  to  adopt  two  of  the  following  methods  for  securing  the  escape  of 
ightnlng  into  the  earth:  (a)  A  strip  of  copper  tape  may  be  led  from  the 
)in  of  the  rod  to  a  gas  or  water-main  (not  merely  to  a  leaden  pipe),  if  such 
near  enough,  and  be  soldered  to  it;  (b)  a  tape  may  be  soldereci  to  a  sheet 
pper,  3  by  3  ft  by  M«  in  thick,  buried  in  permanently  wet  earth  and  sur- 
ded  by  cinders  or  coke;  (c)  many  yards  of  copper  tape  may  be  laid  in  a 
:h  filled  with  coke,  having  not  less  than  18  sq  ft  of  copper  exposed. 

0  Protection  from  Theft,  etc.  In  places  where  there  is  any  likelihood  of 
x>pper  being  stolen  or  injured,  it  should  be  protected  by  being  enclosed 

rbe  upper  terminal  is  that  portion  of  the  conductor  which  is  between  the  top  of  the 
t  and  the  point  of  the  conductor. 
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in  an  iron  gas-pipe,  reaching  zo  it  (if  there  is  room)  above  giound  aid^ 
distance  into  the  ground. 

(ix)  Pai&tiag.  Iron  conductors,  galvanized  or  not,  should  be  paintoL  1 
optional  with  copper  ones. 

(la)  Inepwtioa.  When  the  conductor  is  finaUy  fixed  it  should  b  ill  a 
be  examined  and  tested  by  a  qualified  person,  and  this  should  be  dux  i 
case  of  new  buildings  after  ail  work  on  them  is  finished.  Periodical  earn 
tion  and  testing,  should  opportunities  offer,  are  also  very  desirable,  espoi 
when  iron  earth-connections  are  employed. 

Lightning-Protection  for  High  Chiiiine^.  The  following  is  t  to 
tion  Qf  the  system  of  lightning-protection  for  the  radial-brid:  dum»t 
350  ft  in  height,  for  the  plant  of  the  St.  Joseph  Lead  Company,  tieKaJav 
Mo. 

Conductor.  The  conductor  used  is  of  commercially  pure  copper,  Ko 
Brown  It  Sharpe  gauge,  In  the  form  of  a  cable,  consisting  of  tvcetr^ 
wires,  seven  strands,  four  wires  to  the  strand,  and  ^  in  in  diamfter,  tp 
circular  mils.  The  vertical  conductors  are  of  continuous  lengths  fron  the 
of  the  cbimnQT  to  and  into  the  ground.  A  drcuit'Oonductor  b  pixtd : 
below  the  top  of  the  chimney  and  connected  to  each  down-conductor  bf  a  t 
two-way  splice. 

Points.  The  air-terminals  are  eight  in  number  equally  spaced  arooad 
top  of  the  chimney,  and  consist  of  solid,  copper  bars  i  in  in  diam  and  lof 
length,  the  upper  13  in  tapering  to  a  point  and  covered  with  a  12-in  ttia^ 
genuine  platinum.  Air-terminals  extend  5  ft  above  the  top  of  the  stad 
the  lower  end  of  each  copper  bar  is  set  in  a  heavy  copper  T  coapler,  irtacki 
nects  the  same  into  the  circuit-<onductor.  Each  rod  is  held  in  iJace  by  k 
anchor-fasteners,  bolted  from  the  inside  of  the  stack.  These  aocfaois  ct 
cased  in  copper  tubes  set  in  the  solid  masonry. 

Grounding.  At  a  point  below  the  ground-level  and  a*  the  dnaD?-! 
the  conductor  is  carried  in  a  downward  course  from  the  chimney,  in  a  t> 
bedded  in  charcoal,  to  a  point  5  ft  outside  the  foundation-line.  An  idiB 
conductor  is  spliced  into  the  main  cable  at  this  point,  fonaing  a  V  ^ 
branches  terminating  15  ft  apart.  Two  well-holes  are  bored  to  a  ^ep^* 
proximately  30  ft  into  permanent  moisture.  The  end  of  each  Y  ooodaO 
electrically  soldered  into  perforated,  copper  reservoirs  4  ^i  in  in  diam  andi 
in  length,  and  filled  with  pea-size  charcoal.  The  effect  of  the  nserrofft 
give  the  required  amount  of  surface-contact  with  the  earth  and  to  msffit  1 
manent  moisture  through  the  charcoal  by  capillary  attractk>D.  Eadii 
conductor  is  thus  grounded  in  two  places  instead  of  in  one  place. 

Lead  Covering.  To  preserve  the  conductor  system  against  decooptf 
in  ozone,  in  which  sulphuric  or  other  acid  gases  may  exist,  aO  of  the  coidi 
system  at  the  top,  and  to  a  point  75  ft  below  the  top  of  the  chimney  i^  ^ 
with  lead  H  in  in  thickness.  Exception  is  made  to  the  platinum-covered  1 
top  of  each  rod,  which  requires  no  lead  covering.  Where  ^)Iices  are  msik 
anchor-fasteners  set,  the  whole  is  covered  with  lead  sleeves  or  hoods  tbanil 
wiped  and  hermetically  sealed.  Connections  of  point-bar  T's  etc^  ^ 
soldered,  lead-covered  and  sealed.  Practical  experience  seems  to  sfac*^ 
all  lightning-conductor  systems  on  chimnesrs  should  be  lead-covew^ 
hermetically  sealed  to  a  point,  approximately  35  ft  downward  from  the  ^ 
protect  the  copper  against  decomposition,  not  necessarily  as  thick  asce 
chimney,  but,  say,  H«  i&»  the  thicknesa  being  determined  by  the  aiie  aiidc 
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loC  the  stack.  It  has  beett  found  that  in  {mm  thrac  to  five  yean  there  is  a  de- 
cided honeycombing  of  the  copper,  through  the  action,  of  the  sulphuric  and 
other  add  gases.  It  has  often  been  necessary  to  replace  points,  sectuns  of  cables 
etc.,  entireb^  eaten  away  from  this  cauae. 


EVTiaiPHONl&S.     AUTOMATIC  TELEPHONES  FOB 
INTEECOMMUNICATING  SE&YICE 

Description.  The  interphone  system  is  an  application  of  the  telephone  for 
[nterior  use.  It  is  an  automatic,  intercommunicating  S3rstem,  requiring  neither 
iwitchboard  nor  operator,  and  being  self-contained  within  the  walls  of  the  estab- 
lishment for  whose  benefit  it  has  been  installed. 

Advantages.  In  brief,  the  advantages  of  such  a  system  are  these:  (z)  the 
mere  pressing  of  a  button  gives  a  person  telephone<onnection  with  any  desired 
party,  without  the  loss  of  time  involved  in  first  calling  up  a  third  party;  (2)  re- 
x>urse  to  directory  or  iniormation  bureau  is  made  unnecessary  through  the  use 
>f  labels,  proi)erly  inscribed,  on  the  face  of  the  instrument;  (3)  no  maintenance- 
»pense  is  involved,  and  the  system,  consequently,  is  as  inexpensive  to  operate 
Ls  an  electric  door-bell;  (4)  the  wiring-arrangement  is  such  that  the  ^stem  ma; 
>e  provided  for  when  the  original  plans  for  a  new  building  are  being  drawn  up, 
md  in  this  respect  it  does  not  differ  much  from  a  system  of  electric  lights  or 
>ltunbing. 

The  Use  of  Interphones  in  residences,  schools,  hoflpitals,  factories,  mills, 
kfficea,  stores  and  dubs  is  constantly  increasing.  The  same  general  features 
ipply  to  all  of  these  types  of  installations,  and  in  practically  every  case  it  is 
he  simplicity  of  the  system  that  espedaUy  recommends  it  for  service.  The 
nterpbone  u&uaUy  fits  in  where  formerly  call-bells,  speaking-tubes^  messenger 
ervice  and  other  inadequate  methods  were  the  rule.  The  interphone  field  of 
lervice  is  in  the  establishment  whose  needs  call  for  from  four  to  thirty-two 
elephone-stations.  When  there  are  more  than  thirty-two  the  installation  of  a 
vivate  telephone-exchange,  with  a  switchboard,  is  better  practice. 

Types  of  latsrphonss.  There  are  several  tjrpes  of  interphones  for  vaiying 
fegrees  of  service. 

(x)  The  most  ^miliar  instrument  is  a  wall-interphone,  of  the  non-vlush 
rvp£.  The  telephone  is  of  metal,  with  connecting  buttons^  labels,  bells,  mouth- 
■ece,  hook  and  receiver,  all  mounted  on  its  face.  This  instrument  is  to  be  at- 
ached  directly  to  the  wall. 

(2)  The  VLUSH  TYPE  resembles  the  first-mentioned  type  in  every  particular 
»ut  the  one  implied  in  its  title.  The  instrument  is  mounted  into  the  wall,  with 
ts  lace  flush  with  the  rest  of  the  wall-surface.  These  two  instruments  are  most 
lopular  for  installation  in  dub-hallways,  in  stores  and  factories,  in  residences, 
nd  in  all  places  where  wall-telephones  would  ordinarily  be  used.  Busy  offices 
nd  stores  often  employ  variations  of  types  (i)  and  (2)  and  use  a  desk-set,  a 
eparate  instrument  taking  care  of  the  connecting  buttons  and  labds,  or  a  hand- 

BT. 

C3)  The  DESK-STAND  telephone  is  of  the  type  often  used  for  local  and  long- 
istaace  service.  Connected  with  it  is  a  metal  box  containing  the  rows  of 
uttons  and  labds,  each  labd  bdng  opposite  the  button  through  which  is  se- 
ared connection  with  the  corre^;x>nding  station.  The  tdephone  in  this  case 
Umds  on  the  desk,  and  the  key-box  is  conveniently  dose  at  hand,  dther  on  the 
eak.  or  on  the  wall. 
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(4)  Some  prefer  for  this  service  the  hand-set,  with  the  receiver  and  tR» 
mitter  in  one  piece.  This  is  a  convenient,  compact  mstnimcnt,  wdl  fitted  k 
use  in  an  office. 

(5)  From  two  to  six  instruments  of  still  another  t3rpe  make  up  a  pastt-lr 
INTERPHONE  SYSTEM.  Here  there  are  no  connecting  buttons,  the  principle  a- 
volved  being  the  same  as  that  of  the  elementary,  farmers'  line.  This  mkkci 
convenient  private*line  system  for  a  small  residence,  and  is  appropriate  feci 
house-to-garage  circuit. 

Varimtions  from  Standard  Types.  There  are  systems  with  variations  bm 
the  standard  types.  Many  schools  are  using  a  combination  <^  interj^ioiMSd 
type  (i)  or  (2)  with  (5).  In  the  principal's  office  is  an  instrument  of  ijTt 
(i)  or  (2)  with  a  connecting  button  for  each  outside  station,  while  the  ciafr 
room- telephones  are  all  of  type  (5).  With  this  system  the  principal  on  s 
any  time  call  up  any  teacher;  but  a  teacher  can  call  up  another  dassroc: 
only  through  the  medium  of  this  master-station,  which  acts  as  a  sort  of  ex- 
change. The  advantages  of  this  arrangement  for  a  school  are  obvious,  hi 
hospital  the  instruments  are  usually  placed  outside  of  the  more  unpastBi 
operating-rooms  and  wards  and  in  the  offices  and  reception-rooms. 

Wiring  and  Batteries.  All  wiring  is  enclosed  in  cables.  Energy  is  obtairied 
from  dry  cells.  The  only  maintenance-expense  connected  with  an  interpto 
^stem  is  the  occasional  renewal  of  these  batteries. 

TACUUM-CLEANING 

General  Deseription.  Vacuum-cleaners  are  appliances  which  have  oosk 
into  use  during  recent  years  and  which  are  for  the  purpose  of  removiog  &t 
and  dust  from  rooms  of  buildings,  cars,  steamships,  etc.,  or  from  fnmitv^ 
carpets,  curtains,  or  other  interior  fittings.  The  dust  and  dirt  are  removed br 
suction  and  the  apparatus  consists  of  an  air-pump  which  is  arranged  to  ^ira 
the  air  and  the  dirt  or  dust  contained  in  it  through  pipe  and  nocde.  Us 
nozzle  is  drawn  or  passed  over  the  surfaces  which  are  to  be  deaned.  Saefl 
of  muslin  or  other  appropriate  cloth  are  used  to  separate  by  filtration  the  dst 
and  dirt  which  are  borne  along  with  the  stream  of  air;  and  in  some  types  i 
apparatus  this  process  is  assisted  by  what  are  called  baffle-plates  wliich  are  addrf 
to  make  the  heavier  particles  of  dust  drop  by  their  own  weight  to  the  bas 
part  of  the  receptacle  placed  to  receive  them.  About  the  year  1890  compnsBrf 
air  was  used  for  the  first  time  in  railroad-cars  for  purposes  of  cleaning  and  dat- 
removal.  There  were  serious  objections  to  this  method  of  deaning,  howrn, 
as  it  was  found  that  the  jets  of  compressed  air  blew  out  the  dust  and  dirt  in  ski 
a  way  that  it  was  difficult  to  arrange  for  their  collection  and  retcntioo;  i^ 
principle  of  suction  was  consequently  introduced  to  overcome  these  difficidoek 

Types  of  VsGiium-CleAners.  The  machines  belonging  to  the  eariiest  ttps 
usually  consist  of  a  pump,  the  motor-power  of  which  is  either  a  gas-engine  era 
electric  motor,  the  machines  being  portable.  They  can  be  moved  about  tim. 
one  building  to  another  as  occasion  demands.  Cleaners  of  the  next  type  ixO^ 
duced  involve  an  installation  in  the  basement  or  lower  part  of  a  buifciiDg  u'^ 
fixed  and  permanent  position.  From  the  central  plant  pipes  are  run  to  v* 
rooms  and  apartments  and  are  fitted  in  such  rooms  or  apartm«its  or  in 
halls  or  corridors,  with  valves  to  which  are  attached  the  hose  with  the  cl 
appliances  at  the  end.  In  some  cases  this  vacuum-arrangement  b  cood^" 
with  another  for  washing  floors,  the  secondary  system  including  a  second  stt  • 
pipes  from  a  tank  filled  with  soap  and  water.  Compressed  air  is  emfkfftA  t| 
spray  the  latter  over  the  floor,  and  both  dirt  and  water  are  finally 
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tiirough  pipes  to  the  street-sewers.  A  portable  tank  is  used  for  the  soap  and 
water.  Vacuum-deaners  of  a  third  type  consist  of  small  machines  which  take 
the  place  of  the  brooms  and  dusters  or  are  used  in  connection  with  them.  They 
are  now  very  generally  used  and  may  be  driven  by  an  electric  motor,  by  foot,  or 
by  hand.  These  last-mentioned,  smaller,  portable  cleaners  are  used  for  many 
other  purposes  than  the  ordinary  cleaning  of  rooms  and  furniture. 

Details  and  Specifications  for  Yactitun-Cleaning  Installations.  Com- 
plete plans  and  specifications  for  the  installation  of  a  vacuum-cleaning  plant  for 
a  building  may  be  obtained  from  any  of  the  nimierous  manufacturers  making 
such  apparatus  and  taking  contracts  to  put  it  in  place.  There  are  several  types 
of  machines  and  systems  of  installation  and  detailed  descriptions  would  exceed 
the  limits  of  space  in  this  handbook. 

WATERPROOFING  FOR   FOUNDATIONS* 

The  Waterproofing  of  Snbstroctiire  Work  is,  comparatively  speaking,  a 
nodem  branch  of  engineering.  It  is  only  within  recent  years  that  it  has  become 
lecessary  to  construct  deep  basements  for  buildings.  In  the  past,  the  more 
important  structures,  such  as  cathedrals,  capitols,  state-buildings  and  the  like, 
irere  usually  built  upon  high  ground,  and  water  was  [»«vented  from  entering 
the  basements  of  such  buildings  by  means  of  drainage.  Waterproofing,  as  we 
low  know  it,  was  generally  unnecessary.  With  the  advent  of  the  so-called  sky- 
scrapers, however,  requiring  large  mechanical  plants,  deep  basements  became 
in  actual  nece^ty,  and  as  these  basements  are  usually  carried  below  groimd- 
irater  level,  and  in  many  instances  below  tide-level,  the  question  became  one  of 
xtmost  importance.  Like  almost  every  detail  of  a  modem  building,  water- 
xoofing  is  a  specialty.  Each  building  presents  its  own  problems,  and  the  safest 
Jan  is  to  leave  the  solution  of  these  problems  to  some  one  expert  in  the  knowledge 
»f  waterproofing  who  has  made  it  a  special  study  and  knows  how  best  to  over- 
x>me  the  existing  difficulties.  It  may  be  laid  down  as  an  invariable  rule  that, 
rhere  conditions  are  at  all  serious,  the  owner  or  the  general  contractor  will 
ave  money  in  the  long  run  if  he  employs  the  services  of  an  expert  waterproofei 
o  place  his  waterproofing-seal,  regardless  of  the  method  he  wishes  to  use. 

Pressure-Resistance  Versus  Waterproofing.  In  waterproofing  large  bas&. 
tients  where  actual  pressure  exists,  it  is  a  question  for  the  engineer  to  decide 
rhether  it  is  more  economical  to  attempt  to  secure  an  absolute  pressdre-job 
T  a  WATER-PKOor  JOB  In  connection  with  a  drainage  system.  As  a  general 
ule.  It  may  be  stated  that  where  a  building  is  generating  its  own  power,  it  is 
lore  economical  to  use  a  drainage  system  with  an  open  sump  than  to  construct 
pressure-cellar,  the  cost  of  pumping  being  much  less  than  the  interest  charges 
n  the  cost  of  a  floor^ab  sufficiently  strong  to  withstand  the  pressure. 

Waterpfooflng  Concrete  Foundations.  The  three  following  subdivisions 
f  this  subject,  discussing  the  causes  of  permeability  of  concrete,  the  addition  of 
jbstances  to  render  it  more  water-proof,  and  the  treatment  of  its  surfaces  to 
lake  it  less  permeable,  embody  the  conclusions  of  Committee  D-8  of  the  Amer^ 
an  Society  for  Testing  Materials.!  This  committee,  since  its  organization  in 
905  has,  through  laboratory-tests  and  experiments,  together  with  examinations 
f  work  during  construction  and  after  completion,  as  well  as  the  study  of  liter- 
hire  on  the  subject,  sought  to  secure  sufficient  information  to  enable  it  to  for- 

*  For  foundations  ia  general,  see  Qiapter  II. 

t  This  article,  to  the  middle  of  i>age  X7X3>  is  the  substance  of  a  Report  submitted  to 
le  American  Society  for  Testing  Materials  at  its  meeting,  June  24-28,  1913.  This 
ciety  has  (X930)  no  Standard  Specifications  for  Waterproofing,  but  published  in  19x8 
ur  Tentative  Specifications  on  this  subject. 
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mulate  definite  methods  for  securing  water-proof  concrete  structures..  The  mA 
of  the  committee  was  complicated  by  reason  of  the  facts  that  there  seemed  to  k 
so  iittie  concordance  between  results  of  tests  obtained  under  laboratoiy'-coai- 
tlons  and  in  the  field  and  that  it  was  Deoessaiy  to  extend  its  investjgatioKoie 
a  period  of  years  in  order  to  determine  the  permanency  of  the  action  noted.  Ik 
committee  reported  that  while  it  had  not  been  able  to  arrive  at  sufficiently  deiaSe 
conclusions  to  enable  it  to  formulate  specifications  for  the  '"•^'"g  of  ooootse 
structures  water-proof  or  for  materials  to  be  used  in  such  work«  it  had  nadad 
certain  general  conclusions  which  might  be  of  assistance  to  the  constructdr  a 
securing  the  desired  result  of  impermeable  concrete.  Early  in  the  investigatia; 
the  work  was  found  to  subdivide  naturally  into  three  branches,  and  the  oa- 
elusions  reached  will  be  grouped  in  order  under  these  subdivisions,  which  are: 

(i)  The  determination  of  causes  of  the  permeability  of  concrete  as  osbzI^ 
made  from  mixtures  of  Portland  cement,  sand  and  stone,  or  other  coarse  aggtt- 
gate,  in  proportions  of  from  i  of  cement,  2  of  sand  and  4  of  stone,  to  i  of 
cement,  3  of  sand  and  6  of  stone,  and  the  best  methods  of  avoiding  tine 
causes. 

(a)  The  rendering  of  concrete  more  water-proof  by  adding  to  ordinaxy  war 
tures  of  cement,  sand  and  stone,  other  substances  which,  either  by  their  vud- 
filling  or  repellent  action,  would  tend  to  make  the  concrete  less  permeable. 

(3)  The  treatment  of  exposed  surfaces  after  the  concrete  or  mortar  has  bea 
put  in  place  and  hardened  more  or  less,  either  by  penetrative,  vc 
repellent  liquids,  making  the  concrete  itself  less  permeable;  or  by 
protective  coatings,  preventing  water  from  having  access  to  the  cooatce. 

Considering  these  several  subdivisions  separately  and  in  the  order  nanxd.  tk 
committee  arrives  at  the  following  conclusions: 

(x)  Causes  of  PermeabQity  of  Concrete.  In  the  laboratory  and  under  test- 
conditions  where  properly  graded  and  sized  coarse  and  fine  aggregates  m 
used,  in  mixtures  ranging  from  i  of  cement,  2  of  sand  and  4  of  stcMie,  to  i  of  c^ 
ment,  3  of  sand  and  6  of  stone,  impermeable  concrete  can  invariably  be  j**- 
duced.  Even  with  sand  of  poor  granulometric  composition,  with  mixtmcs  a 
rich  as  I  of  cement,  2  of  sand  and  4  of  stone,  permeable  concrete  is  seldooLi 
ever,  found  and  is  a  rare  occurrence  with  mixtures  of  r  of  cement,  $  ci  std 
and  6  of  stone.  But  the  fact  remains,  nevertheless,  that  the  reverse  dim  dt 
tains  in  actual  construction,  permeable  concretes  being  encountered  even  vtt 
mixtures  of  x  of  cement,  2  of  sand  and  4  of  stone  and  are  of  frequent  oiLuueu 
where  the  quantity  of  the  aggregate  is  increased.  This  the  oonunittee  attift^a 
to: 

(a)  Defective  workmanship,  resulting  from  improper  proportiociinfr  bd  ^ 
thorough  mixing,  separation  of  the  coarse  aggregate  fiom  the  fine  assregate  mi 
cement  in  transporting  and  placing  the  mixed  concrete,  lack  of  density  throat 
insufficient  tamping  or  spading,  improper  bonding  of  work-joints,  etc 

(b)  The  use  of  imperfectly  sized  and  graded  aggregates. 

(c)  The  use  of  excessive  water,  causing  shrinkage-cracks  and  fonoatios  4 
laitance-seams. 

(d)  The  lack  of  proper  provision  to  take  care  of  expansbn  and  contzactiA 
causing  subsequent  cracking. 

TheoreticaUy,  none  of  these  conditions  should  prevail  in  properly  designed  «a 
supervised  work,  and  they  are  avoided  in  the  laboratory  aind  in  the  field,  m^ 
test-conditions,  where  speed  of  construction  and  cost  are  negtigibk  items.  ins8» 
of  being  governing  features  as  they  must  be  In  actual  cousti  uctiop.  '*'?f^ 
graded  sands  and  coarse  aggregates  are  rarety,  if  ever,  found  in  nature  in 
quantities  to  be  available  for  large  construction,  and  the  effect  of  poocfy 
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aggregates  In  produdngr  permeable  concrete  ts  ag8n:av&ted  by  poor  and  inefficient 
,  field-work.  Even  if  the  added  expense  of  screening  and  remixing  the  aggre- 
r  gates  could  be  afforded,  so  as  to  secure  proper  granulometric  composition  to 

give  the  density  required  to  make  untreated  concretes  impermeable,  it  is  seem* 
,  ingly  often  a  commercial  impossibility  on  large  construction  to  obtain  work- 
,  maoship  even  approximating  that  found  in  laboratory-work. 

(s)  Addition  of  Foreign  Subttancet  to  Cement  Before  or  Daring  Mixtnre.  The 
committee  finds  that  in  consequence  of  the  conditions  outlined  above,  sub- 
stances calculated  to  make  the  concrete  more  impermeable,  either  incorporated 
in  the  cement  or  added  to  the  concrete  during  mixing,  are  often  used.  This 
has  resulted  in  the  development  and  placing  on  the  market  of  niunerous  patented 
or  proprietary  waterproofing-compounds,  the  composition  of  which  is  more  or 
less  of  a  trade-secret.  While  it  has  been  impossible  for  the  oommittee  to  test  all 
of  the  special  waterproofing-compounds  being  placed  on  the  market,  it  has 
investigated  a  sufficient  number  of  these,  as  well  as  the  use  of  certain  very  finely 
divided,  naturally  occurring  or  readily  obtainable  oommerdal  mineral  products* 
such  as  finely  ground  sand,  colloidal  days,  hydrated  lime,  etc.,  to  form  a  general 
idea  of  the  value  of  the  different  types.    The  committee  finds: 

(a)  That  the  majority  of  patented  and  proprietary  integral  oompoonds  tested 
have  little  or  no  immediate  or  permanent  effect  on  the  pemcabUity  of  concrete 
and  that  some  of  these  even  have  an  injurious  effect  on  the  attength  of  mortar 
and  concrete  in  which  they  are  incorporated. 

(b)  That  the  permanent  effect  of  such  Integral  waterproofing-additions»  if 
dependent  on  the  action  of  organic  compounds,  is  very  doubtful. 

(c)  That  in  view  of  their  possible  effect,  not  only  upon  the  early  strength, 
but  also  upon  the  dturabilsty  of  concrete  after  considerable  periods,  no  integral 
waterproofing-material  should  be  used  unless  it  has  been  subjected  to  long-time 
practical  tests  under  proper  observation  to  demonstrate  its  valUe,  and  unless 
Its  ingredients  and  the  proportion  in  which  they  are  present  are  known. 

(d)  That  in  general,  more  desirable  results  are  obtainable  from  inert  com- 
pounds acting  mechanically,  than  from  active  chemical  compounds  whose 
sffidency  depends  on  change  of  form  through  chemical  action  after  addition  to 
the  concrete. 

(e)  That  void-filling  substances  are  more  to  be  relied  upon  than  those  whose 
ralue  depends  on  repellent  action. 

(f)  That,  assuming  average  quality  in  sizing  of  the  aggregates  and  reasonably 
good  woricmanship  in  the  mixing  and  placing  of  the  concretes,  the  addition  of 
Tom  xo  to  30%  of  very  finely  divided  void-filling  mineral  substances  may  be 
HEpected  to  result  in  the  production  of  concrete  which,  under  ordinary  conditions 
tf  exposure,  will  be  found  impermeable,  provided  the  work-joints  are  properly 
KMided,  and  cracks  do  not  develop  on  drying,  or  through  change  in  volume  due 
o  atmospheric  changes,  or  by  settlement. 

(3)  Bxtemal  Treatment.  While  external  treatment  of  concrete  would  not 
«  necessary  if  the  concrete  itself,  either  naturally  or  by  the  addition  of  water- 
iroofing-material,  was  impermeable  to  water,  it  has  been  found  in  practice  that 
n  large  construction,  no  matter  how  carefully  the  concrete  itself  has  been  made, 
racks  are  apt  to  develop,  due  to  shrinkage  in  drying  out,  expansion  and  oontrac- 
ton  under  change  of  temperature  and  moisture-content,  and  through  settle- 
lent.  It  Is,  therefore,  often  advisable  in  unportant  construction  to  antidpate 
nd  pro\'ide  for  the  possible  occurrence  of  such  cracks  by  external  treatment 
ith  a  protective  coating.  Such  coating  must  be  suffidently  elastic  and  cohesive 
»  prevent  the  cracks  extending  through  the  coating  itself.  The  application  of 
nerely  penetrative  void^fiUing  liquid  washes  will  not  prevent  the  paasage  of 
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water  due  to  cracking  of  the  concrete.    The  committee  has,  therefore,  caaai 
ered  surface- treatment  under  two  heads: 

(a)  Penetrative  void-filling  liquid  washes. 

(b)  Protective  coatings,  including  ail  surface-applications  intended  to  prev«BC 
water  coming  in  contact  with  the  concrete. 

Penetnti7e  Washes.  While  some  penetrative  washes  may  be  effidostia 
rendering  concrete  water-proof  for  limited  periods,  their  efficiency  may  deatss 
with  time  and  it  may  be  necessary  to  repeat  such  treatment.  Some  of  tbes 
washes  may  be  objectionable,  due  to  discoloring  the  surface  to  which  thty  re 
applied.  The  committee,  therefore,  believes  that  the  first  effort  should  be  mak 
to  secure  a  concrete  that  is  impermeable  in  itself  and  that  penetrative  tqsI- 
fiUing  washes  should  only  be  resorted  to  as  a  corrective  measure. 

Protective  Coatings.  While  protective  extraneous  bituminous  or  a^^Kudc 
coatings  are  unnecessary,  so  far  as  the  major  portion  of  the  surface  of  the  ccc- 
crete  is  concerned,  provided  the  concrete,  either  in  itself  or  through  the  addkica 
of  integral  compounds*  is  made  impermeable,  they  are  valuable  as  a  protectiaB 
where  cracks  develop  in  a  structure.  It  is  therefore  recommuended  that  a  oo- 
bination  of  inert  void-filling  substances  and  extraneous  waterproofing  be  adopOEd 
in  especially  difficult  or  important  work. 

Bitomiiioos  or  Asphaltic  Coatiiigs.  Considering  the  use  of  bituminoas  cff 
asphaltic  coatings,  the  oonunittee  finds: 

(a)  That  such  protective  coatings  are  often  subject  to  more  or  las  deterieor 
tion  with  time,  and  may  be  attacked  by  injurious  vapors  or  deleterious  substaacs 
in  solution  in  the  water  coming  in  contact  with  them. 

(b)  That  the  most  effective  method  for  applying  such  protectioa  is  dtfaer  tbt 
setting  of  a  course  of  impervious  brick  dipped  in  bituminous  material  into  a  so^ 
bed  of  bituminous  material,  or  the  application  of  a  sufficient  number  of  Myers  al 
satisfactory  membranous  material  (xmented  together  with  hot  bitumen. 

(c)  That  their  durability  and  efficiency  are  very  largely  dependent  on  the  cast 
with  which  they  are  applied.  Such  care  refers  particularly  to  proper  rieaniBg 
and  preparation  of  the  concrete  to  insure  as  dry  a  surface  as  possible  before  app& 
cation  of  the  protective  covering,  the  lapping  of  all  joints  of  the  nicmbnuMiei 
layers,  and  their  thorough  coating  with  the  protective  material.  The  i:^e  cc 
this  method  of  protection  is  further  desirable  because  proper  bituminous  cover- 
ings offer  resistance  to  stray  electrical  currents^  the  possible  attack  from  v^adk 
is  referred  to  in  succeeding  paragraphs. 

Rich  Mixtures.  So  far,  the  committee  has  considered  only  concretes  of  the 
usual  proportions,  namely,  those  ranging  from  i  of  cement,  2  of  sand  and  4  d 
stone,  to  X  of  cement,  3  of  sand  and  6  of  stone.  It  has  been  suggested  that  as- 
permeable  concretes  could  be  assured  by  using  mixtures  considerably  xidba  ia 
cement.  While  such  practice  would  probably  result  in  an  immediate  im|ieme' 
able  concrete,  it  is  believed  by  many  that  the  advantage  is  only  temporaiy,  as 
richer  concretes  are  more  subject  to  check-cracking  and  are  less  coostant  ia 
volume  under  changes  of  conditions  of  temperature,  moisture,  etc.  Thereici^ 
the  use  of  more  cement  in  mass-concrete  would  cause  increased  craddog,  isiks 
some  means  of  controlling  the  expansion  and  contraction  is  discovered.  Wl^ 
reinforced  concretes  the  objection  is  not  so  great,  as  the  tendency  to  cracki^is 
is  more  or  less  counteracted  by  the  reinforcement. 

Fine  Flour  Mixtures.  It  has  also  been  suggested  that  the  presence  ia  tbe 
cement  of  a  larger  percentage  of  very  fine  flour  might  result  in  the  prodoctkm  of 
a  denser  and  more  impermeable  concrete,  through  the  fonnation  of 
^unoimt  of  colloidal  gels.  Neither  of  these  suggestions  has  been 
vestigated  by  the  committee.    Both  appeal  to  the  committee,  however,  lor  tte 
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!eaflon  that  they  substitute  active  cementitious  substances  for  the  largely  in* 
ictive  void'fiUing  mateiiab  previously  recommended,  thus  increasing  the  strength 
if  the  concrete. 

Character  of  WorkmanaUp.  In  conclusion,  the  committee  woidd  point  out 
ihat  no  addition  of  waterproofing-compounds  or  substances  can  be  relied  upon 
:o  completely  counteract  the  effect  of  bad  workmanship,  and  that  the  produc- 
Jon  of  impermeable  concrete  can  only  be  hoped  for  where  there  is  determined 
hsistence  on  good  workmanship. 

Sattne  Waters.  Blectrical  Action.  The  pioduction  of  impermeable  concrete 
lias  assumed  greater  importance  since  the  appointment  of  this  committee, 
>wing  to  the  well-known  injurious  action  of  saline  or  alkaline  waters  and  to  the 
suggested  possible  effect  of  the  moisture  in  concrete  occasioning  or  aggravating 
stectrical  action  from  stray  currents.  Originally,  the  question  of  waterproofing 
nvolved  mainly  the  physical  troubles  resulting  from  water  passing  through 
concrete  without  any  special  consideration  of  its  effect  on  its  durability,  other 
than  a  gradual  leaching  out  of  the  cement.  Recent  developments  suggest  the 
possibility  that,  owing  to  the  increased  conductivity  of  damp  concrete  to  elec- 
trical currents,  such  currents,  if  present,  may  so  affect  damp  concrete  as  to  seri- 
ously lessen  its  integrity;  and  this  possibility  further  emphasizes  the  importance 
>f  the  recommendation  that  no  waterproo&ig-compound  oC  unknown  chemical 
:x>niposition  be  added  to  concrete,  as  recent  tests  seem  to  show  that  the  action  of 
dectrical  currents  is  aggravated  by  the  presence  of  certain  solutions. 

Waterproofing  by  External  liniags  of  Brick,  Tar,  or  Asphalt,  and  FelL 
rhe  oldest  method  of  waterproofing  is  the  one  involving  the  use  of  a  tar-and-f elt 
>r  asphalt-and-felt  seal  (Fig.  1).  This  consists  of  building  first  a  supporting 
nrall  and  a  supporting  concrete  slab  to  hold  the  seal.  On  the  floors,  this  slab 
is  usually  composed  of  concrete,  4  in  thick.  The  walls  are  generally  of  brick 
from  4  to  8  in  thick,  but  occasionally  4-in  terra-cotta  tiles  are  used.  Upon  this 
base  a  swabbing  of  tar  or  asphalt  is  placed  and  before  this  has  become  cold  or 
set,  one  thickness  of  paper,  saturated  with  coal-tar,  is  laid.  This  paper  receive? 
I  swabbing  of  coal-tar  and  asphalt  and  another  layer  of  paper  is  placed,  the 
>peration  being  continued  until  there  are  three  or  more  layers  of  paper  with 
tour  or  more  swabbings  of  the  tar  or  asphalt.  For  damp-proof  work,  three  layers 
3f  paper  with  four  swabbings  of  tar  are  usually  sufficient.  For  waterproofing- 
irork  not  less  than  five  and  usually  six  layers  of  paper  with  from  ax  to  seven 
iwabbings  of  tar  are  used.  The  main  walls  of  the  structure  are  then  built  against 
the  waU-waterpcoofing,  and  after  these  are  in  place,  the  main  concrete  basement- 
loor  is  laid  immediately  on  top  of  the  floor-seal,  the  idea  being  to  form  a  con- 
tinuous water-proof  seal  enveloping  the  entire  basement  bek>w  grade.  The 
Jtfficidties  of  this  system  consist  chiefly  in  securing  perfect  laps  at  all  points  in 
the  work,  and  unless  extreme  care  is  used  and  unless  there  is  perfect  cooperation 
between  the  waterproofer  and  the  mason-contractor,  there  is  apt  to  be  a  break 
iomewhere  in  the  seal,  usually  where  the  wall-waterproofing  is  supposed  to  be 
joined  to  the  floor-work.  The  disadvantages  of  this  system  are  due  to  the  fact 
that  the  seal  is  not  permanent  in  all  soils  as  the  subsurface  water  frequently 
Dontains  acids  which  destroy  the  seal.  Then  again,  the  seal  may  be  easily 
(Minctured  by  the  mason-contractor  in  building  his  wall  against  it  or  in  laying 
the  concrete  floor  upon  the  flat  work.  The  chief  disadvantage,  however,  is  that 
the  waterproofing-seal  is  invariably  buried  behind  a  mass  of  masonry,  either 
!>rick  or  concrete,  which  means  that  should  there  be  a  leak,  due  to  either  care- 
lessness or  accident,  through  the  waterproofing-seal,  it  is  frequently  impossible 
U>  stop  it.  It  not  infrequently  happens  that  when  a  leak  has  developed  in  tar- 
md-felt  work,  the  actual  presence  of  the  water  does  not  show  opposite  the  leak» 
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but  bJlowiDg  some  Ime  of  least  nsutaiice,  appens  tmm  50  to  100  ft,  or  bm 
amy  (rom  where  tlie  ictaal  ■'"■'■a-  canaing  the  leak  oocon.     In  aixnil  an* 

prooGng  work  it  is  seldom  Bttonpted  to  secure  a  bottle-light  job  witk  tv  id 
felt.  Instead,  some  syHem  of  diaioage  ii  instaUed  beneath  the  waxa-fKd 
seal  nhicli  is  on  the  Soon  of  the  building,  aiird  the  water  is  conducted  thimfill 
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ar  other  lupes  to  some  central  sump  from  which  it  ii  mechanicallr  pmopcd  a 
a  lewei.  The  purpose  of  the  wuterproofins  id  this  case,  tbertlacc.  is  (d  a» 
<£Qtrate  or  drive  the  water  to  this  tunqi.  For  shallow  cdlan  and  e^tdsft 
dampproofius-work,  this  tsr-and-felt  method  is  the  most  ccoaomkal  and  nM 
inxjuently  employed. 

VatarproolliiE  by  Coating  with  Vater-P»ot  C«mnl.  far  deep  ui 
difficult  work  a  comparatively  new  method  of  waterpraofing  Is  often  tui 
(Rg.  2).  This  consists  o(  placing  a  coating  o(  water-proof  c«iwiit  upda  * 
interior  surface  of  the  exterior  walls  of  the  building  nnd  over  the  upper  sabtt 
of  the  concrete  fioor-slsb  in  the  basement  or  subbasement.  Fig.  3  showi  • 
foundstion  for  an  engine,  the  concrete  being  waterproofed  as  shown.  The  pk 
is  made  somewhat  larger  than  the  foimdation,  the  eitra  space  being  filM  ■ 
with  cinders,  dry  bricks  or  terra-cotta  blocks,  which  may  be  readily  iiai>i<d 
to  alkiw  access  to  the  bedplate  bolls  for  which  hand-hcja  have  been  cast  w 
the  concrete,  thus  permitting  the  complete  removal  of  the  engine.     The  lt«e 

•  Reproduced,  bypemuMJon,  from  a  pamphlet  publiihedby  The  WMteipiwifiaf  C«- 
pany.  New  York,  and  shqwing  the  greater  thickneu  of  walls  and  floor  rrquired  far  * 
jutilde-surfacc  brick -and-felt  metbod  of  watfrpiDoBng  as  conpuKl  v)lh  the  wuk- 
surface  watecpnwf-eeBUBt  coating.  Taken  fnxa  desifn  (or  vatnpXKifag  in  a  fia^kM 
Ne-  Yofk  boildiBg.    Sac,  aln.  Fig,  a. 


WatupTOofing  (ot  Fonndstloni 

t  a  t-ln  sand  cnthkm  and  a  2-ln  hiyn  of  pUokj  uodcT  the  a 
<a  not  a  part  of  t)w  waterproofing  but  ia  pul  In  to  prevent  U 
of  vibration.     Fig    4  therm  niaSoKtA^xiacrtte  floon  for  Bi 

boUer-nwm,  tbe  coDcretE  ilab  being  ii  in  thkk  uodsr  tha  fonner  tad  u  in 


Fig.  2.*    Cemnl  WalenwwGDg  for 


T3-iD!Ub 

14-In  (Ub 

Rods  ia  tbitt  couns 

«  nxk,  4  in  on  amen. 

Lomit  reds.  3  in  on  centos,  n  in  from 

inlniTn 

r«>« 

».  2.39  lb 

For  t™  rods,  wul  xre.  of  m-Mcction. 
i^  sq  iiij  per  iquue  foot  of  tariaet, 
4.7Slb 

K>m  a  pemplilM  puMiihd  br  The  WMofneiiig  CaBpaDr.HeoYwil.aDdlboir- 
laced  total  thkfcnos  of  walk  and  floor  reqoiTAl  tor  tbe  inaidc4urface  watewmal 

Ig  shovn  in  F((.  I.    Tbe  wiUsiod  Bnin  wen  pat  in  pUc*  In  tbe  anwjntbic  fonn. 


1716  Waterproofing  for  Foundations 

There  we  nuny  compounds  adverliwd  to  nuke  ceineDt  or  cuDCiEte  w. 
Beaidei  these,  there  aie  wBter-pcDof  cementa  muiufsctured  by  ttcm 
■nd  ■MiUed  by  compwiie)  that  make  a  qiedalty  of  iraterpraafiii(. 
the  muy  mterpiocdDg-campauads  have  meflc;   but  the  mam  iu 


Fi(.  S.'    EnfiiK-IauiidatKHi  with  Water-piool  CeaMot 

succeuful  job  of  waterproofing  are  the  skitl  and  e^xxience  of  the  witH^nrf 
who  do  the  wort.  It  is  claimed  that  to  apply  cement  waterpmoans  »  ■ 
obtain  efficient  results  requires  more  skill  than  to  apply  a  lar-and-ldl  K-'  ' 
a  cement  waterproofing,  once  properly  applied,  9 


over  the  older  method  of  tar  and  felt.  One  advantage  is  that  the  v 
is  accessible,  and  that  if  any  leaks  develop,  tbey  are  apparaal  and  a 
and  economically  repaired  by  cutting  out  the  old  wat«proofing  ai 
a  new  ooating  where  the  damage  emits.  Another  adva 
cement  watrtjiroofing  is  geDerally  petmanait  and  m 

*  KeprDducad  by  penuNioa  ol  Tbe  WatapfooGag  Companr,  } 
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found  in  solution  with  water  in  soil.  By  the  cement  method  the  cost  of 
rick  supporting  walls  and  the  concrete  supporting  slab  is  eliminated  as  is 
:he  corresponding  cost  of  the  necessary  excavation  for  them;  and  finally, 
uterprooEng  on  the  floor  serves  the  double  purpose  of  waterproofing  and 
ns-surface,  thus  saving  the  cost  of  the  cement  finish  usually  found  in 
lents  and  subbasements.  One  of  the  disadvantages  of  cement  water- 
ing is  that  the  material  is  rigid  and  is  fractured  by  any  settlement  of  the 
\ng  or  contraction  in  the  concrete  upon  which  it  is  placed.  Experience  has 
a,  however,  that  settlement-cracks  usually  take  place  before  the  water- 
ing contractor  has  left  the  building  and  that  there  b  little  or  no  trouble 
these  causes  after  his  work  is  completed.  Contraction-cracks  in  concrete, 
ver,  seem  to  develop  at  any  time  within  twenty-four  nionths  after  concrete 
een  placed.  In  order  to  prevent  these  cracks,  users  of  the  cement  water- 
ing have  adopted  a  system  of  reinforcement  in  the  concrete,  and  it  is  claimed 
this  reinforcement  is,  in  the  long  run,  an  economy,  as  it  permits  of  less  con- 
and  gives  a  better  and  stronger  floor  or  wall.  On  brick  and  stone  walls 
ouble  is  experienced  from  contraction  and  expansion.  It  should  be  re- 
t>ered  that  this  work  is  all  below  grade  where  contraction  and  expansion 
iduced  to  a  nunimum,  regardless  of  the  materials  used. 

aterproofing  by  Adding  Substances  to  Cement.  This  is  another 
od  of  waterproofing  now  being  advocated  by  some.  If  this  method  could 
fs  be  made'  efficient,  it  would  be  highly  advantageous.  It  is  claimed  by 
nanufacturers  of  these  compounds  that  in  order  to  secure  a  water-proof 
nent,  for  example,  a  certain  percentage  of  the  compound  is  to  be  mixed 
the  cement  before  it  is  incorporated  in  the  concrete.  The  opponents  of 
method  claim,  however,  that  it  is  impossible  to  construct  a  basement  in 
uray  without  incurring  the  danger  of  serious  leaks  at  the  joinings  of  one 
;  work  with  that  of  another;  that  leakage  at  these  (Mints  of  cleavage  may 
creased  by  the  use  of  waterproofing-compounds;  and  that  their  principal 
;  is  that  they  produce  a  very  dense  mass  of  ccmcrete.  It  is  always  difficult 
nd  old  concrete  to  new,  and  if  concrete  is  made  water-proof,  or,  in  other 
1^  nonabsorbent,  the  difficulty  of  joining  new  concrete  to  a  nonabsorbent 
of  old  concrete  is  increased.  This  method  is  effective,  however,  and  is  to 
csonunendcd  in  work  which  can  be  carried  on  without  interruption,  such,  for 
Qce,  as  small  elevator-pits  or  small  swinuning-pools,  where  the  concrete 
le  started  in  the  morning  and  completed  by  night  or  before  any  part  of  the 
has  had  time  to  attain  its  initial  set. 

FOECE   OF   THE   WEND 

»lation  Between  the  Pressure  and  Velocity  of  Wind.  According  to 
iments  made  in  1890  or  thereabouts,  by  C.  F.  Marvin,  United  States 
d  Service,  the  relation  between  wind-pressure  and  velocity  is  given  very 
pately  by  the  formula  p  ■■  0.004  F>,  where  p  is  the  pressure  in  pounds  per 
re  foot  on  a  flat  surface  normal  to  the  direction  of  the  wind,  and  V  the 
ity  of  the  wind  in  miles  per  hour.  Smeaton  considered  the  pressure  as 
I  to  0.005  P.  The  following  table,  based  on  Marvin's  formula,*  is  quoted 
umeaure  and  Ketchum.f 

I  Marvin's  formula  is  written  p  >■  0.0032  F*  the  values  in  this  table  will  be  slightly 
(ed.  See  Chapter  XXVII,  pages  1052  and  X053;  Chapter  XXX,  page  1x99;  and  also 
1394. 1  The  formula  uaed  by  the  United  States  Signal  Service  is  ^  ■■  0.004  P.  The 
measure  e  probably  somewhere  between  0.005  V^  &nd  0.004  V^*  near  the  ionner  for 
low  velocities  and  near  the  latter  for  high  velocities, 
ee,  also.  Trautwine's  Pocket-Book,  page  32X. 
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Copies  Of  Tracings 

hi. 

T«U«  Shdwiac  til*  Foit«  «C  th*  Wind                     | 

Malasper 
hour 

Feet  per 
minute 

Feet  per 

•ecoad 

Force,  in     . 
pounds,  per  k           DeGciijcioB 

square  foot 
0.0C4 

1 

I 

88 

1.47 

Hardly  peroepLae 

2 

3 

176 
a«4 

a. 93 
4  40 

0.0^}    |i«tp~-ta* 

4 
S 

352 

440 

5.87 
7.33 

lf^\     i  Gentle txeoe 

xo 
15 

88o 

i3ao 

I4.«7 
aa.o 

0^4      / 
0.9      i 

Pleasant  biees 

20 
2S 

I  760 
3  300 

293 

26.6 

1.6      / 
2.5      i 

Brisk  vile 

30 
3S 

3640 
3080 

44  0 
51  3 

36      { 

49     J 

Hii^wiad 

40 
45 

3520 
3960 

58.6 
66.0 

6.4      ( 
8.1      \ 

Very  high  iriod 

SO 

4400 

73.3 

lo.o 

Storm 

6o 
70 

5a8o 
6x60 

88.0 
102.7 

JH      1     1  Greet  storm 

So 

100 

7040 
8600 

117  3 
X46.6 

40  c              Hutncene 

COl 

mn   OF   TBACINGS 

Bltte-Pxinti 

1  froiB  Traci 

ntfs.    The  fo 

IbwiDff  direct 

innt  *  cover  tbe  ih 

ground.  The  sensitized  paper  can  be  procured,  ail  prepared,  at  stors  ^ 
artists*  materials  are  sold,  so  that  the  process  of  preparing  the  paper  fay  afl 
of  chemicals  ran  then  be  omitted.    The  materials  required  are  is  foDoes: 

(i)  A  board  a  little  larger  than  the  tracing  to  be  copied.  Tbe  dniii 
board  on  which  the  drawing  and  tracing  are  made  can  always  be  used. 

(2)  Two  or  three  thicknesses  of  flannel  or  other  soft  white  doth,  wfakkis 
be  smoothly  tacked  to  the  board  to  form  a  smooth  surface,  00  wfaidi  to  )tfi 
sensitized  paper  and  tracing  while  printing. 

(3)  A  plate  of  common  double-thick  window-glass,  of  good  quifitr,  i^ 
larger  than  the  tracing  to  be  copied.  The  function  of  the  glass  is  to  kt/^  < 
tracing  and  sensitized  paper  closely  and  smoothly  pressed  togetlier  «1 
printing. 

(4)  The  chemicals  for  sensitizing  the  paper.  These  consist  simpb'  <>f  ^ 
parts,  by  weight,  of  citrate  of  iron  and  ammonia,  and  red  prussiate  of  vm 
and  can  be  obtained  at  any  drug-store.  The  price  should  not  be  avo  8 
10  cts  per  ounce  for  each. 

(5)  A  stone  or  yellow-glass  bottle  to  keep  the  solution  of  the  aborf  ckesc 
in.  If  there  is  but  little  copjring  to  do,  an  ordinary  glass  bottle  will  do,  sa^l 
solution  can  be  freshly  made  whenever  it  is  wanted  for  immediate  use. 

(6)  A  shallow  earthen  dish  in  which  to  place  the  solution  when  usiag  t. 
common  dinner-plate  is  as  good  as  anything  for  this  purpose. 

(7)  A  soft  paste-brush,  about  4  in  wide. 

(S)  Plenty  of  cold  water  in  which  to  wash  the  copies  after  they  have  \f 
exposed  to  the  sunlight.  The  outlet  oC  an  ordinary  sink  may  be  das^ 
placing  a  piece  of  paper  over  it  with  a  weight  on  top  to  keep  the  paper  ^ 
and  the  sink  filled  with  water,  if  the  sink  is  large  enough  to  lay  the  capT 


*  Taken  from  The  Locomotive. 


Blue-Pzints  aiad  Black-Line  Prints  1719 

'I  it  is  not,  it  is  better  to  make  a  water-tight  box  5  or  6  in  deep,  and  6  in  wider 
Vnd  longer  tlian  the  drawing  to  be  copied. 

(9)  A  good  quality  of  white  book-paper. 
'   The  following  directions  are  to  be  followed: 

Dissolve  the  chemicals  in  cold  water  in  these  proportions:  i  os  of  citrate  oi 
ton  and  ammonia;  i  oz  of  red  prussiate  of  potash;  and  8  oz  of  water.  They 
nay  all  be  put  into  a  bottle  together  and  shaicen  up.  Ten  minutes  will  suffice 
to  dissolve  them. 

Lay  a  sheet  of  the  paper  to  be  sensitized  on  a  smooth  table  or  board,  pour  a 
little  of  the  solution  into  the  earthen  dish  or  plate,  and  apply  a  good  even  coat- 
ing of  it  to  the  paper  with  the  brush.  Then  tack  the  paper  to  a  board  by  two 
idjacent  comers,  and  set  it  in  a  dark  place  to  dry.  One  hour  is  sufficient  for 
the  drying.  Place  the  paper,  with  its  sensitized  side  up,  on  the  board  on  which 
^ou  have  smoothly  tacked  the  white  flannel  cloth;  lay  the  tracing  to  be  copied 
XI  top  of  it;  on  top  of  all  lay  the  glass  plate,  being  careful  that  paper  and  tracing 
ve  both  smooth  and  in  perfect  contact  with  each  other,  and  lay  the  whole 
thing  out  in  the  sunlight.  Between  eleven  and  two  o'clock  in  the  summer-time^ 
an  a  clear  day,  from  6  to  10  minutes  will  be  sufficiently  long  to  expose  it;  at 
Aher  seasons  a  longer  time  will  be  required.  If  the  location  does  not  admit 
yt  direct  sunlight,  the  printing  may  be  done  in  the  shade,  or  even  on  a  cloudy 
iay;  but  from  i  to  2H  hours  will  be  required  for  exposure.  A  little  experience 
iriil  soon  enable  any  one  to  judge  of  the  proper  time  for  exposure  on  different 
jays.  After  exposure,  place  the  print  in  the  sink  or  trough  of  water  before 
mentioned,  and  wash  thoroughly,  letting  it  soak  from  3  to  5  minutes.  Upon 
immersion  in  the  water,  the  drawing,  hardly  visible  before,  will  appear  in  clear 
Hrhite  lines  on  a  dirk-bliie  gsound.  Alter  waahing,  tack  uj>  against  the  wall, 
>r  other  convenient  place,  by  the  comers»  to  dry.  This  finishes  the  operation, 
nrhich  is  very  simple  and  thorough.  After  the  copy  is  dry,  it  can  be  written  on 
irith  a  common  pen  and  a  solHtioo  of  conunon  soda,  which  makes  a  white  line. 

Alternate  Redpe  for  Making  Blne-Prinls.  The  following  is  an  alternative 
nedpe  to  the  one  given  above.  The  paper  should  be  prepared  by  floating  it 
(or  one  minute  in  a  solution  of  ferric3^nide  of  potassium  (red  prussiate  of  potash), 
t  oz,  and  water,  5  oe.  It  shouki  then  be  dried  in  a  dark  room,  afterwards  ex* 
posed  beneath  the  negative  until  the  dark  shades  have  wiMtmipd  a  deep  blue 
oolor,  and  immersed  in  a  solution  of  water,  2  oz,  and  bichloride  of  mercury,  i  gr. 
Fhe  print  shottld  be  washed,  immersed  in  a  hot  solution  of  oxalic  add,  4  drm, 
ind  water,  4  oz,  washed  again  an^  dried.  Where  a  copy  of  a  drawing  is  to  be 
made  the  prepared  paper  is  placed,  sensitive  side  uppermost,  on  a  flat  board 
covered  with  two  or  three  thicknesses  of  blanket  or  its  equivalent.  A  tracing 
}f  the  drawing  is  made,  laid  on  the  sensitized  paper  and  held  in  place  by  a  sheet 
>f  glass  clamped  to  tiie  board.  The  sensitized  paper  b  exposed  to  the  sunlight 
^om  4  to  10  minutes  or  to  a  clear  sky  from  20  to  30  minutes  and  then  removed, 
irashed  and  dried.  The  only  requisite  as  to  paper  is  that  it  must  stand  wash- 
ing.   Prepared  paper  may  be  purchased. 

Black-Line  Copiea  from  Tracings.*  The  directions  for  making  the  sensitiz- 
ing solution  used  in  this  process  are  as  follows:  Dissolve  separately,  gum  arable, 
13  dr,  in  17  oz  water;  tartaric  add,  13  dr,  in  6  oz  6  dr  water;  persulphate  of  iron, 
i  dr,  in  6  oz  6  dr  of  water.  Pour  the  third  solution  into  the  second,  stir  thor- 
>ughly,  and  then  pour  the  resulting  mixture  into  the  flrst,  the  stirring  being 
aontinued.  When  the  mixture  is  complete,  add  slowly,  still  stirring,  3  fl  oz  and 
}  drm  of  liquid  perchloride  of  iron;  filter  into  a  bottle  and  keep  in  the  dark. 
Cse  a  strong  well-sized  paper,  apply  a  thin,  smooth  coat  of  the  solution  with  a 
^ge  brush  or  snonge,  and  then  dry  in  a  dark  room  with  moderate  heat.  The 
*  There  is  as  yet  no  known  recipe  resulting  in  jet-black  lines. 
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paper  should  be  yellowish  in  tint  and  will  not  keep  long.  Place  the  tndi( 
made  with  very  black  ink,  in  the  printing-frame,  the  drawing  being  m  cU 
contact  with  the  glass,  and  place  over  it  the  sensitized  paper,  with  the  prepan! 
side  in  contact  with  the  back  of  the  tracing.  After  an  exposure  of  ic  « :: 
minutes,  the  print  should  show  a  yellow  drawing  on  a  white  ground.  Tab 
the  print  from  the  frame  and  float  for  a  minute,  face  down,  in  a  devdopiBl 
bath  of  gallic  acid,  or  tannin,  from  31  to  46  gr;  oxalic  acid,  iVi  gt;  and  vzu 
34  oz.  Then  plunge  it  in  clear  water,  rinse  well  and  dry.  The  ocaage-yeiisf 
lines  will  be  changed  into  a  purplish-black. 

Brown-Line  Copies  from  Tracings.  The  directions  for  making  the  sens^ 
ing  solution  used  in  this  process  are  as  follows:  Dissolve  gelatine,  6  gr;  sam; 

1  oz;  swell  in  cold  water,  give  water-bath  and  add  tartaric  add,  8  oz;  sOnr 
nitrate,  9  gr;  and  ammonia  citrate  of  iron,  40  gr.  Filter  in  a  subdoed  ii^ 
Print  in  a  bright  light  until  slightly  darker  than  ordinary  printing-out  papo; 
wash  for  5  minutes;  immerse  in  a  2Vi%  solution  of  hypo  until  desired  ookirii 
obtained;  and  wash  and  dry.  Blue-prints  may  be  turned  to  a  rich-bropi 
color  by  immersing  in  a  solution  of  caustic  soda  the  size  of  a  bean  dissohred  ii 
5  oz  of  water,  until  the  blue  has  changed  to  orange-yellow.  They  are  tba 
washed  thoroughly,  immersed  in  a  bath  of  water  in  which  has  been  dissohRJ 
a  heaping  teaspoonful  of  tannic  acid,  rinsed  in  clear  water  and  dried.  I^ 
may  be  sized  for  brown-prints  by  soaking  it  in  a  mixture  of  90  gr  of  airovruit 
and  5  oz  of  cold  water,  nibbed  into  a  cream  and  mixed  with  20  gr  of  glucose  lad 
5  oz  of  hot  water.  The  mixtiu:e  should  be  boiled  2  minutes  and  then  peraittd 
to  cool  before  use. 

HORSE-POWEB9*  FULLETS,  GEARS,  BELTING 

AND  SHAFTING 

Hone-Power.    A  horse  can  travel  400  yd  at  a  walk  in  4H  nun,  at  a  trot  it 

2  min,  and  at  a  gallop  in  i  min;  he  occupies  at  a  picket  3  ft  by  9  ft;  and  kii 
average  weight  is  i  000  lb.  An  avkraoe  horse  carrying  235  lb  can  tiavid 
25  miles  in  a  day  of  8  hr.  A  draugbt-borse  can  draw  i  600  lb  23  miles  a  d% 
weight  of  carriage  included.  In  a  horse-mill  a  horse  moves  at  the  rate  dii 
in  a  second.    The  diameter  of  the  track  should  not  be  less  than  25  ft. 

A  Horse-Power,  in  Machinery,  is  estimated  at  33  000  lb,  raised  x  ft  ini 
minute;  but  as  a  horse  can  exert  that  force  but  6  hr  a  day,  one  MACemn 
HORSE-POWER  IS  equivalent  to  that  of  four  horses. 

Rules  %•}  Determine  the  Size  and  Speed  of  Pulleys  or  Oesrs.  T^ 

driving-pulley  is  called  the  driver,  and  the  driven  pulley  the  drhtk.  H  tlie 
number  of  teeth  in  the  gears  are  used  instead  of  the  diameter,  in  these  caic^ 
tions,  number  of  teeth  must  be  substituted  wherever  diameter  occuis. 

(i)  To  Find  the  Diameter  of  the  Driver,  the  diameter  of  the  driven  ands 
revolutions,  and  also  revolutions  of  driver,  being  given.  Multiply  the  dumrfff 
of  the  driven  by  its  revolutions,  and  divide  the  product  by  the  rcvolutJon-  i 
the  driver;  the  quotient  will  give  the  diameter  of  the  driver. 

(3)  To  Find  the  Diameter  of  the  Driven,  the  revolutions  of  the  driven,  abotbe 
diameter  and  revolutions  of  the  driver,  being  given.  Multiply  the  diametff  d 
the  driver  by  its  revolutions,  and  divide  the  product  by  the  revolutitss  «< 
the  driven;  the  quotient  will  give  the  diameter  of  the  driven. 

(3)  To  Find  the  Revolutions  of  the  Driver,  the  diameter  and  revohitioBS  (^ 
the  driven,  also  the  diameter  of  the  driver,  being  given.    Multiply  the  diaoetf 

*  See,  also,  pages  1274  &nd  1397. 
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i  the  driven  by  its  revolutions,  and  divide  the  product  by  the  diameter  of  the 
Stiver;  the  quotient  will  give  the  revolutions  of  the  driver. 

(4)  To  Find  the  Revolutions  of  the  Driven,  the  diameter  and  revolutions  of 
he  driver,  also  the  diameter  of  the  driven,  being  given.  Multiply  the  diameter 
if  the  driver  by  its  revolutions,  and  divide  the  product  by  the  diameter  of  the 
Iriven;  the  quotient  will  give  the  revolutions  of  the  driven. 

Hone-Power  Trantinitted  by  Belting.  The  efficiency  of  belting  to  trans- 
nit  power,  or  to  turn  a  wheel  or  pulley,  depends  upon  the  width  and  thickness 
»f  the  belt,  the  arc-contact  with  the  pulley,  the  position  of  the  belt,  whether 
lorizontal,  vertical,  or  at  an  angle,  and  the  velocity.  The  greater  the  velocity 
ind  the  thicker  the  belt,  the  more  power  it  will  transmit.  A  belt  running  ver- 
ically  or  inclined  will  transmit  less  power  than  one  running  horizontally,  but 
n  figuring  the  horse-power  capacity  of  belting  only  the  velocity,  width  and 
hickness  of  belt  are  usually  considered,  it  being  assumed  that  the  pulleys  are 
if  proper  size  and  located  so  that  the  belt  will  be  nearly  horizontal.  Belts  are 
onunonly  assumed  to  be  of  leaisek,  unless  otherwise  designated.  The  term 
iXNGLE  BELT  IS  used  to  designate  a  belt  made  of  a  single  thickness  of  cowhide 
eather.  A  double  belt  is  made  by  cementing  and  riveting  together  two 
hicknesses  of  leather.  There  is  no  standard  thickness  for  either  single  or  double 
wits. 

Rules.  Many  rules  have  been  given  for  determining  the  horse-power  that 
wlting  wiU  transmit.*    Those  commonly  used  are: 

(i)  For  Single  Belts.  Multiply  the  width,  in  inches,  by  the  velocity  in  fett 
ler  minute  and  divide  by  1 000. 

(2)  For  Doid)le  Belts.  Multiply  the  width  by  the  velocity  and  divide  by  70c. 
rhe  answor  is  the  number  of  horse-powers. 

Some  authorities  give  divisors  of  800  and  733  for  single  belts,  and  550  and  5x3 
or  double  belts.  For  the  velocity  of  the  belt  muldply  the  number  of  revolutions 
ler  minute  of  either  pulley  by  the  circumference  of  that  pulley. 

Notes  on  Belting.  For  continuous  use  a  double  belt  is  the  most  economical 
Q  the  long  run,  except  on  very  small  pulleys  or  for  very  light  duty.  Triplex 
md  quadruple  belts  are  sometimes  used  for  very  heavy  duty,  but  such  belts  are 
lot  conmionly  carried  in  stock.  Single  belts  should  always  be  used  with  the 
lair-side  next  the  pulley.  The  belt-speed  for  maximum  economy  should  be 
rom  4  000  to  4  500  ft  per  minute.  Idler-pl'lleys  work  most  satisfactorily 
vhen  located  on  the  slack  side  of  the  belt  about  one-quarter  way  from  the  driv- 
Qg-pulley.  Belts  are  more  durable  and  work  more  satisfactorily  when  made 
larrow  and  thick  than  when  made  wide  and  thin.  As  belts  increase  in  width 
hey  should  also  be  made  thicker.  For  dynamo-work  or  electric  motors  the 
mds  of  the  belt  should  be  fastened  together  by  splicing  and  cementing  instead 
i(  by  lacing.  For  all  other  cases  the  ends  are  fastened  by  hooks  or  lacing. 
Selts  should  be  cleaned  and  greased  every  5  to  6  months. 

Distance  from  Center  to  Center  of  Shafts.*  In  locating  shafts  that  are 
o  be  connected  with  each  other  by  belts,  care  should  be  taken  to  separate  them 
>y  a  proper  distance.  This  distance  should  be  such  as  to  allow  a  gentle  sag  to 
he  belt  when  in  motion. 

Rule.  A  general  rule  may  be  stated  thus:  Where  narrow  belts  are  to  be  run 
>ver  small  pulleys,  15  ft  is  a  good  average,  the  belt  having  a  sag  of  from  iH  to 
2  in.  The  minimum  distance  between  shafts  is  about  10  ft.  For  larger  belts, 
irorking  on  larger  pulleys,  a  distance  of  from  20  to  25  ft  does  well,  with  a  sag 

*  For  a  discussion  of  belting,  belt-dressing,  care  of  beltiag,  shafting,  etc.,  see  Kent's 
klechanical  Engineers'  Pocket-Book. 
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of  from  2^  to  4  in.  For  main  belts,  woiiung  on  very  large  pulleys,  the  diitfl 
should  be  from  25  to  30  ft,  the  belts  working  well  with  a  sa^  o£  flora  4  to  51 
If  too  great  a  distance  is  attempted,  the  belt  will  have  an  unsteady  flafiij 
motion,  which  will  destroy  both  the  belt  and  the  machinery. 

Arrangement  of  Belts  and  Pulleys.*  If  possible  to  avoid  it,  coueod 
shafts  should  never  be  placed  one  directly  over  the  other,  as  in  such  cue  ti 
belt  must  be  kept  very  tight  to  do  the  work.  For  this  purpose  belts  should  bi 
carefully  selected  of  well-stretched  leather.  It  is  desirable  that  the  ufk  4 
the  belt  with  the  floor  should  not  exceed  45°.  It  is  also  desirable  to  locate  11 
shafting  and  machinery  so  that  belts  will  run  off  from  each  shaft  In  opposa 
directions,  as  this  arrangement  will  relieve  the  bearings  from  the  frictioo  ikt 
would  result  if  all  pulled  one  way  on  the  shaft.  If  possible,  nvirhinwy  shcai 
be  so  placed  that  the  direction  of  the  belt-motion  will  be  from  the  top  of  t3E 
driving  to  the  top  of  the  driven  pulley,  so  that  the  sag  will  increase  the  arc  a 
contact.  The  pulley  should  be  a  little  wider  than  the  belt  required  for  is 
work,  and  should  have  a  crowning  face,  except  where  the  belt  is  to  be  shift£i 
The  motion  of  driving  should  run  with  and  not  against  the  laps  of  ti 
belts. 

Rubber  Belts  are  cheaper  than  leather  belts  and  should  always  be  oKd  ■ 
wet  places,  but  for  ordinary  use  in  dry  places  they  are  not  as  durable  as  letths 
belts.  They  should  always  be  kept  free  from  grease  or  animal  oils.  If  they-  if* 
their  inside  surfaces  should  be  moistened  with  boiled  linseedroiL  Some  ^ 
chalky  sprinkled  on  over  the  oil,  will  help  the  belt. 

Rule  for  Finding  the  Lengths  of  Belts.  Add  the  diameter  of  tke  tn 
pulleys  together,  multiply  by  3)^,  divide  the  product  by  2,  add  to  the  qatldat^ 
twice  the  distance  between  the  center  of  the  shafts,  and  the  sum  will  be  th 
required  length. 


The  Horse-Power  that  Shafting  will  Transmit 


TAIm  ^kM     * 

*   t_  #^ 

Revolutions  per  minute 

n 

Diameter  oi  saai^ 

1 

100 

ISO 

200 

350 

300 

3S0 

1     40c 

1 

in 

z6th 

H.P. 

H.P. 

H.P. 

H.P. 

H.P. 

H.P. 

'  ILP.  ' 

-  1 

0 

IS 

1.2 

1-7 

2.4 

3.1 

3.6 

4-3 

$.c  , 

I 

3 

2.4 

3.7 

4.9 

6.1 

7  3 

8.5 

''  1 

z 

7 

4  3 

6.4 

8.S 

10.  s 

12.7 

14.8 

169 

I 

IX 

6.7 

10. 1 

13.4 

16.7 

20.1 

23.4 

36I 

I 

IS 

10.0 

iS.o 

20.0 

25.0 

30.0 

350 

*»e 

2 

3 

14.3 

21.4 

28.5 

3S.6 

42  7 

49.8 

57.0 

2 

7 

19s 

29-3 

390 

48.7 

58-5 

tt.2 

H.o 

2 

II 

26.0 

39.0 

52.0 

6s.o 

78.0 

87.0 

104.0  1 

2 

IS 

33.8 

50.6 

67.S 

84  4 

101.3 

II8.2 

135  c  , 

3 

3 

43.0 

64.4 

85.8 

107.3 

128.7 

IS0.3 

171.6, 

3 

7 

53.6 

79.4 

107.2 

134.0 

I.S8.8 

187.6 

2141   ' 

3 

II 

6S.9 

97.9 

121. 8 

t6A.S 

195-7 

a»7 

2fyi  ' 

3 

IS 

8q.o 

lao.o 

160.0 

200.0 

240.0 

2io.o 

3K.0 

4 

7 

113.9 

170.8 

227.8 

284.7 

341.7 

398.6 

iSS6 

4 

IS 

156.3 

2344 

312.  s 

390.6 

46B.7 

546.8 

6150 

See  Kent's  Mechanical  Engineers'  Pocket'Book. 
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nmrtl  Description.  These  are  portable  hoisting-devices  which  enable  one 
to  raise  a  vexy  heavy  load  and  which  sustain  the  load  at  any  point.  In 
al,  they  resemble  pulleys  operated  by  chains.  Since  the  invention  of  the 
ential  pulley-block  by  T.  A.  Weston,  about  the  year  1863,  chain-blocks 
ooxne  into  very  general  use  for  economical  hoisting,  particularly  where  it  is 
id  to  hold  the  load  at  any  point.    Chain-blocks  are  of  three  general  classes: 

The  Differential  Block.    This  is  the  original  and  the  simplest  and  cheap- 
kim  of  self-sustaining  puUey; 

The  Screw-Block  or  Worm-Geared  Block.    Of  these,  the  Yale  &  Towne 
!X  block  is  the  most  efficient  type; 

The  Triplex  Block.  This  is  spar-geared, 
ferential  and  worm-geared  blocks  of  all  kinds  depend  iqx>n  friction  to  pre- 
the  load  from  running  down.  In  the  triplex  block  a  separate  device  is 
iuced  which  automatically  holds  the  load  safely,  and  yet  enables  it  to  be 
ed'with  slight  effort  and  at  high  velocity  but  without  acceleration  or  danger. 
is  the  most  efficient  of  all  chain-blocks,  and  the  most  economical  wherever 
:  work  is  wanted  and  economy  in  time  and  labor  sought.  For  information 
the  kind  of  block  best  adapted  to  any  particular  service,  the  manufacturers 
Id  be  consulted.  The  following  data  on  the  power  and  efficiency  of  chain- 
'3  were  supplied  by  the  Yale  &  Towne  Manufacturing  Company. 

wer  and  Bfficiency  of  Cbain-Hoists.  The  table  below  gives  the  work 
done  by  the  operator  at  the  hand-pulling  chain  with  each  size  of  the  various 
i  of  chain-blocks  in  lifting  the  stated  capacity,  that  is,  the  amount  of  work 
lUing  required  to  lift  this  load  one  foot  by  stating  the  force  exerted  in 
ds  and  the  distance  in  feet  of  operating-chains  to  be  pulled.  The  product 
»e  two  factors  determines  the  efficiency  of  the  block  and  the  ee^  and  speed 
isting.    The  12, 16,  and  20-ton-capadty  chain-blocks  have  each  two  hand- 


Work  Doae  by  Operator  with  Chain-Blocks 


Capacity, 
tons 

Triplex 

spur-geared, 

lb      ft 

Duplex 

worm-geared, 

lb      ft 

Differential 
lb     ft 

X 

iH 

2 

3 
4 
5 
6 
8 
10 

X2 

x6 

20 

«2X  2X 

8bX  3X 
xicX  35 
XJoX  42 
114X  69 
X24X  84 
X10X126 
XJ0X126 
X35XI68 
X40X210 
X30X126 
X35XX6I 
X40X210 

68X  40 
87X  59 
94X  80 

X15X  93 
132X126 

X4aXX55 
X45X195 
145X353 
X60X310 
X60X390 

X22X24 
2x6X30 
246X36 
308x4a 
557X38 

le  capftcitini  are  given  in  tons.  The  figures  give  the  number  of  feet  to 
iperated  on  each  hand-chain.  A  man  cannot  pull  more  than  his  own 
ht  on  the  operating  chains,  and  can  pull  faster  in  proportion  as  the  pull 
bed  is  fighter.  The  maximum  pull  usually  required  of  one  man  is  82  lb, 
be  will  do  more  work  with  less  fatigue  if  the  hand-chain  puH  is  not  over 
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40  tb,  because  he  can  then  pull  the  chaia  hand  orer  hAnd  b  little  mm  Oat 

MS  fast  as  be  could  when  pulling  twice  as  hud.     When  the  hu>d<lui|l 

]x£s  tbun  10  lb  the  speed  of  hoisting  an  equnl  load  is  diminished,  beciiBtdil 

13  tired  by  moving  his  arms  too  rapidly,  and  cannot  do  as  much  wed  at 

heavier  pull.    The  best  result  is  obtained  by  using  a  chaia-bbck  vM 

s  capacity  of  double  the  usual  load.    The  operator  then  works  lo  IbcH 

vantage  with  average  loads,  and  occasional  heavy  load^  are  easily  hivMi 

out  ovetstraining  either  the  operatoi  or  the  chain-block,  which  should  M 

used  beyond  its  capacity  for  fear  of  a 

ing  the  chain  so   that   it  win  [Mi 

smoothly. 

Piaportioni  of  Hooka.*    Fa  am 

of  monufactiiK  books  of  diBanl  nl 

made  from  some  regular  commodd! 

of  round  iron.     The  basis,  oc  Eoilklp 

in  each  case  a.   thercfon^  the  uc  J 

iron  of  which  the  hook  is  to  be  DMk. 

it  is  indicated  by  the  dimeostun  J  ■ 

diagram.     The  dimensiufi  D  is  aAc 

assumed.    The  other  dimensionjs  i>  1 

,    by  the   forniula.s,    are  those  nlixSi.  • 

preserving  a   proper  brarin;  lin  n 

interior  o(  the  hook  tor  the  ropB  or  4 

which  may  be  passed  tbroufdi  it  rw 

greatest   resistance    to    spreadint  td 

ultimate    rupture    which    the  lamM 

material  in  the  original  bar  admits  of.     The  sjinbol  A  is  used  in  tbt  ba 

to  indicate  the  nomesal  cavacitv  of  the  hook  in  tons  of  i  000  Ih.    Tlielo™ 

which  determine  the  lines  of  the  other  parts  of  the  hooks  of  the  sevnlsa 

as  follows,  all  the  measurements  being  expressed  in  inches: 


D-o.si    +1.JS 

G-ojiD 

£-o-64A+i.6o 

0-o.j6ji  +  o*6 

F-o.j3d  +  o.8s 

<?- 0.64  A+ 1.60 

H-taSA 

L~i.osA 

l~i^A 

U- 0.50  A 

J-i.toA 

«- 0.8s  5 -0-16 

K-i.iiA 

V-o.S6bA 

for  a 

Mod  hook.    The  formokk 

i>-o.5 

A  +  i 

-IS 

and  as  A  -  I,  the  dimen^on  D  by  the  formula  is  found  to  be  iVi  in.    TV  A 
^ons  A,  are  necessarily  based  upon  the  ontinary  merchant  stus  d  noidi 
The  sizes  which  it  has  been  found  best  to  select  are  the  following; 
Capacities  of  hooks  H    M     ^i  i        iH  t      J      4  5      S      S  lo  tK 

Dimension /) **  'Hi  «  iM.  iW  iH  Hi  i  iM  J)i  m      j^iafc 

The  formulas  which 
all  eiptessed  in  terms  t 
ence  to  the  foregoin?  sc 
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taiple.    To  find  the  dimension  /,  in  a  3-ton  hook.    The  fonnula  is 

/»  1.33-4 

or  a  2-ton  hook,  A  >*  iH  in.    Therefore  /,  in  a  2 -ton  hook,  is  found  to  be 
in. 

ftaner  of  Failare  of  Hooks.  Experiment  has  shown  that  hooks  made 
ding  to  the  above  formulas  will  give  way  first  by  the  opening  of  the  jaw, 
I9  however,  will  not  occur  except  with  a  load  much  in  excess  of  the  nominal 
:ity  of  the  hook.  This  yielding  of  the  hook  when  overloaded  becomes  a 
e  of  safety,  as  it  constitutes  a  signal  of  danger  which  cannot  easily  be  over- 
d,  and  which  must  proceed  to  a  considerable  length  before  rupture  occurs 
the  load  is  dropped.  A  comparison  of  these  hooks  with  most  of  those  in 
Axy  use  shows  that  the  latter  are,  as  a  rule,  badly  proportioned,  and  fre- 
tly  dangerously  weak. 

BELLS 

Dimentions  and  Weights  of  Church-Bells 

Manufactured  by  Meneely  Bell  Company,  Troy,  N.  Y. 


Bells 

Mountings 

^eighU. 

Medium 
tones 

Diameters, 

• 

Sizes  of  frames, 
outside 

« 

Diameters  of 
wheels, 

lb 

m 

m 

ft       in 

400 

D 

a? 

42X42 

4        4 

4SO 

Ct 

28 

42X42 

4        4 

Soo 

C 

29 

4SX47 

4        4 

5SO 

c 

30 

45X47 

4        4 

600 

B 

31 

45X47 

4        9 

700 

B 

ai 

48X48 

5       6 

800 

Bb 

34 

48X54 

5       6 

900 

A 

36 

54X54 

5       9 

z  000 

A 

37 

54X54 

5        9 

z  100 

A 

38 

54X59 

5        9 

z  200 

Ab 

39 

56X59 

6       3 

Z  JOO 

Ab 

40 

56X59 

6       3 

z  400 

G 

41 

60X60 

6       6 

z  500 

G 

42 

60X60 

6       6 

z  600 

G 

43 

60X60 

6       6 

z  800 

Pt 

45 

65X68 

7 

2  000 

P 

46 

65X68 

7 

2  100 

P 

47 

65X68 

7 

2300 

£ 

49 

70X72 

7        6 

2500 

E 

1 

50 

70X72 

7       6 

2800 

Eb 

SI 

74X78 

8 

3000 

£b 

53 

74X78 

8 

3S0O 

D 

s^ 

74X78 

8       6 

4  000 

c$ 

58 

78X81 

9 

4SOO 

c 

61 

78X81 

9 

Sooo 

c 

63 

84X84 

9 

S500 

B 

65 

84X84 

9 

6000 

Bb 

67 

84X84 

9       6 

6500 

Bb 

68 

90X90 

9       6 

7000* 

Bb 

69 

101X90 

9       6 

A  notable  example  of  a  7  000-Ib  bell  is  the  large  bell  of  the  peal 

m  the  tower  of  the 

lopolitaa  Life  Insurance  Building,  in  New  York. 

le  actual  weisd 

tats  usually  exceed  the  oatterns. 

noted  above,  from 

a  to  2%. 
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Bells 

Mountinss 

Weights, 
lb 

Diameters, 
in 

Sizes  of  frames. 

outside, 
ft  in        ft  in 

100 
12S 

ISO 

20O 
250 

300 

3SO 

17 
i8H 

21 H 
23 

26 

26X28 
26X28 
26X28 
28X30 
30X32 
30X34 
30X34 

Sizag  of  Rope  for  BeUs 

Diameter,  in 

For  bells  of  less  than  500  lb H 

For  bcUs  of  SCO  to  800  lb H 

For  bells  of  806  to  i  800  lb ^i 

For  bells  above  x  800  lb U  to  i 

Tli«  Largest  BeHa  in  the  World  * 


Names  and  locations 
of  bells 


Moscow,  Ttar  Kolokol  f. 

Burmah,  Mingoon 

Moscow,  9t.  Ivan's 

Pekin,  Great  Bell 

Burmah.  Maha  Ganda. . 

Nishni  Novgorod 

Moscow,  Church  of  Re* 

deemer 

Nankin,  China 

London,  St.  Paul's 

Olmutz,  Bohemia 

Vienna.  Austria 

Westminster,  London — 

Erfurt,  Saxony 

Notre  Dame,  Paris 

Montreal,  Canada 

York.  England 

St.  Peter's,  Rome 

Great  Tom,  Oxford 

Cologne.  Germany 

Brussels,  Belgium 

State-house.  Philadelphia 

Lincoln,  England 

St.  Paul's,  London 

Exeter,  England 

Old  Lincoln,  England . . . 
Westminster,  London .... 


Date 
cast 


1733 
1819 


1879 
1881 

1711 
1856 

1487 
1680 

1847 
184s 
1786 
1680 

1477 

187s 
1834 
1716 

167s 
1610 

1857 


Actual 
vibra- 
tion 


Key- 
note 


74 

94 

105 

125 

125 

141 

157 
157 
157 
z66 
176 
z66 
176 
187 
187 
210 

198    I 

210    j 

198 

210 

222 

210 

249 
249 


D 

n 

Gl 

B 

B 
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•  John  W.  Nystrora,  in  the 
t  This  bell  is  Inctursd  sod 


Joumai  of  the  Franklin  Institnte. 
has  aoC  been  luog  Cor  nanjr 
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STHBOLg  FOE  THS  APOSIXES  AND  SAINTS 

>m  the  constant  occurrence  of  symbols  in  the  edifices  of  the  Middle  Ages 
Dany  of  the  cathedrals  of  the  present  day,  the  following  list  of  symbols,  as 
aonly  attached  to  the  apostles  and  saints,  may  be  found  useful: 

Holy  Apostle* 

eter.    Bears  a  key,  or  two  keys  with  different  wards. 

ndrew.    Leans  on  a  cross  so  called  from  him;  called  by  heralds  the  saltire. 

>hn  the  Evangelist.    With  a  chalice,  in  which  is  a  winged  serpent.    When 

:his  symbol  is  used,  the  eagle,  another  symbol  of  him,  is  never  given. 

artholomew.    With  a  flaying-knife. 

unes  the  Less.    A  fuUer^s  staff  bearing  a  small  square  banner. 

unes  the  Greater.    A  pilgrim's  staff,  hat  and  escalop-shell. 

homas.    An  arrow,  or  with  a  long  staff. 

unon.    A  long  saw. 

ade.    A  club. 

[|itthias.    A  hatchet. 

hiUp.    Leans  on  a  spear  or  has  a  long  cross  in  the  shape  of  a  T. 

f  atthew.    A  knife  or  dagger. 

f  ark.    A  winged  lion. 

tike.    A  buH. 

ofan.    An  eagle. 

aul.    An  elevated  sword,  or  two  swords  in  saltire. 

ohn  the  Baptist.    An  Agnus  Dei. 

tephen.    V^th  stones  in  his  lap. 

Saints 

tgnes.     A  lamb  at  her  feet. 

lecilla.    With  an  organ. 

lement.    With  an  anchor. 

>avid.     Preaching  on  a  hill. 

>enis.     With  his  head  in  his  hands. 

leorge.    With  the  dragon. 

Hcholas.    With  three  naked  children  in  a  tub,  in  the  end  whereof  rests  his 

pastoral  staff. 

^iocent.    On  the  rack. 

IBCULAB  OF  ADVICE  BELATHTE  TO  PRINCIPLES 
OF    PROFESSIONAL  PRACTICE  AND  THE 
CANONS  OF  ETHICS,  BY  THE  AMERI- 
CAN INSTITUTE  OP  ARCHITECTS  ♦ 

A  Circular  of  Advice 

trodoetory.  The  American  Institute  of  Architects,  seeking  to  maintain  a 
standard  of  practice  and  conduct  on  the  part  of  its  members  as  a  safeguard 
le  imiwrtant  financial,  technical  and  esthetic  interests  entrusted  to  them, 
s  the  following  advice  relative  to  professional  practice:  The  profession  of 
itecture  calls  for  men  of  the  highest  integrity,  business  capacity  and  artistic 

rhe  American  Institute  of  Architects,  Document  No.  141,  Washington,  D.  C, 
a9,  1919.    Reprinted  by  permission.    This  circular  relates  to  the  principles  of 
anonal  practice  and  the  canons  of  ethics. 
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ability.  The  architect  is  entrusted  with  financial  undertakings  in 
honesty  of  purpose  must  be  above  suspicion;  he  acts  as  professional  a 
his  client  and  his  advice  must  be  absolutely  disinterested;  he  is  changsi 
the  exercise  of  judicial  functions  as  between  client  and  contractors  ii^ 
act  with  entire  impartiality;  he  has  moral  responsibilities  to  his  proe'i 
associates  and  subordinates;  finally,  he  is  engaged  in  a  professian  wiiicb 
with  it  grave  responsibility  to  the  public.  These  duties  and 
cannot  be  properly  discharged  unless  his  motives,  conduct  and  ability  xx 
as  to  command  respect  and  confidence.  Xo  set  of  rules  can  be  fraioel 
will  particularize  all  the  duties  of  the  architect  in  his  various  reUtkesbj 
clients,  to  contractors,  to  his  professional  brethren,  and  to  the  pobEc  | 
following  principles  should,  however,  govern  the  conduct  of  memben  of  ^xi 
fession  and  should  serve  as  a  guide  in  circumstances  other  than  those  em 
ated:  | 

(i)  On  the  Architect's  Status.    The  architect's  relation  to  his  ^sl 
primarily  that  of  professional  adviser;   this  relation  continues  tfaio^ 
the  entire  course  of  his  service.    When,  however,  a  contract  has  bees  esxi 
between  his  client  and  a  contractor  by  the  terms  of  which  the  architect  ikat 
the  official  interpreter  of  its  conditions  and  the  judge  of  its  perfonctfot^ 
additional  relation  is  created  under  which  it  is  incumbent  upon  the  vS 
to  side  neither  with  client  nor  contractor,  but  to  use  his  powers  oiider  tbe  < 
tract  to  enforce  its  faithful  performance  by  both  parties.    The  fact  tUi 
architect's  payment  comes  from  the  cUent  does  not  invalidate  his  obSgin 
act  with  impartiality  to  both  parties.  i 

(2)  On  Preliminflry  Drawings  and  Estimates.    The  ardutect  at  tb  \ 

set  should  impress  upon  the  client  the  importance  of  suffident  time  av 
preparation  of  drawings  and  specifications.    It  is  the  duty  of  the  arckJatf 
make  or  secure  preliminary  estimates  when  requested,  but  he  should  ic|E 
the  client  with  their  conditional  character  and  inform  him  that 
final  figures  can  be  had  only  from  complete  and  final  drawings  and  spsai 
If  an  unconditional  limit  of  cost  be  imposed  before  such  drawings  are 
estimated,  the  architect  must  be  free  to  make  such  adjustments  as  see 
necessary.     Since  tiie  architect  should  assume  no  responsibility  that 
vent  him  from  giving  his  client  disinterested  advice,  he  should  not,  b)' 
otherwise,  guarantee  any  estimate  or  contract. 

(3)  On  Superintendence  and  Expert  Seryicea.    On  all  work 

simplest,  it  is  to  the  interest  of  the  owner  to  employ  a  SUPERiNTENDE!fTor( 
OF  THE  WORKS.    In  many  engmeering  problems  and  in  certain  spedafised^ 
problems,  it  is  to  his  interest  to  have  the  services  of  special  experts 
architect  should  so  inform  him.    The  experience  and  spedal  knowkd?< 
architect  make  it  to  the  advantage  of  the  owner  that  these  penoa^ 
paid  by  the  owner,  should  be  sdected  by  the  architect  under  whose  • 
are  to  work. 

(4)  On  the  Architect's  Charges.     The  Schedule  of  Charges  i] 
American  Institute  of  Architects  is  recognized  as  a  proper  minimum  of  paf 
The  locality  or  the  nature  of  the  work,  the  quality  of  services  to  be 
the  skill  of  the  practitioner  or  other  circumstances  frequently  justify  • 
charge  than  that  indicated  by  the  schedule.  *' 

(5)  On  Payment  for  Expert  Service.  The  architect  when  rctaiaeild 
EXPERT,  whether  in  connection  with  competitions  or  otherwise,  sfaosU  i4 
a  compensation  proportionate  to  the  responsibiUty  and  difficulty  of  tbe  «■ 
No  duty  of  the  architect  is  more  e.Tacting  than  such  service,  and  the ' 
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ofesBion  is  involved  in  it.  Under  no  circumstances  should  experts  know 
lame  prices  in  competition  with  each  other. 

On  Selection  of  Bidders  or  Contractors.  The  architect  should  advise 
cnt  in  the  selection  of  bidders  and  in  the  award  op  the  contract.  In 
3g  that  none  but  trustworthy  bidders  be  invited  and  that  the  award  be 
i>nly  to  contractors  who  are  reliable  and  competent,  the  architect  protects 
;erests  of  his  client. 

On  Duties  to  the  Contractor.  As  the  architect  decides  whether  or 
e  intent  of  his  plans  and  specifications  b  properly  carried  out,  he  should 
pecial  care  to  see  that  these  drawings  and  specifications  are  complete  and 
te,  and  he  should  never  call  upon  the  contractor  to  make  good  oversights 
ITS  in  th<^  nor  attempt  to  shirk  responsibility  by  indefinite  clauses  in  the 
ct  or  specifications. 

Dn  Engaging  in  the  Building  Trades.  The  architect  should  not  directly 
irectly  engage  in  any  of  the  butlding  trades.  If  he  has  any  financial 
t  in  any  building  material  or  device,  he  should  not  specify  or  use  it  without 
owledge  and  approval  of  his  client. 

On  Accepting  Commissions  or  Favors.  The  architect  should  not 
!  any  commission  or  any  substantial  service  from  a  contractor  or  from 
terested  person  other  than  his  client. 

On  Encouraging  Good  Workmanship.  The  large  powers  with  which 
:hitect  is  invested  should  be  used  with  judgment.  While  he  must  con- 
bad  work,  he  should  commend  good  work.  Intelligent  initiative  on  the 
[  craftsrien  fuid  workmen  should  be  recognized  and  encouraged  and  the 
!Ct  should  make  evident  his  appreciation  of  the  dignity  of  the  artisan's 
[ON. 

On  Offering  Services  Gratuitously.  The  seeking  out  of  a  possible 
md  the  offering  to  him  of  professional  services  on  approval  and  without 
rsation,  unless  warranted  by  jiersonal  or  previous  business  relations, 

0  lower  the  dignity  and  standing  of  the  profession  and  is  to  be  condemned. 

On  Advertising.  Publicity  of  the  standards,  aims  and  progress  o£  the 
lion,  both  in  general  and  as  exemplified  by  individual  acbiev^nent,  is 
al.  Advertising  of  the  individual,  meaning  self-laudatory  publicity 
ed  by  the  person  advertised  or  with  his  consent,  tends  to  defeat  its  own 

1  to  the  individual  as  well  as  to  lower  the  dignity  of  the  profession,  and  is 
leplored. 

On  Signing  Buildings  and  Use  of  Titles.  The  unobtrusive  signature 
ELDZNGS  after  completion  is  desirable.  The  placing  of  the  architect's 
ON  a  building  during  construction  serves  a  legitimate  purpose  for 
information,  but  it  b  to  be  deplored  if  done  obtrusively  for  individual 
iy.  The  use  of  initials  designating  membership  in  the  Institute  is 
»fe  in  all  professional  relationships,  in  order  to  promote  a  general  under- 
ig  of  the  Institute  and  its  standards  through  a  knowledge  of  its  members 
eir  professional  activities.  Upon  the  members  devolves  the  responsibility 
oate  the  symbob  of  the  Institute  with  acts  representative  of  the  highest 
rds  of  professional  practice. 

On  Competitions.  An  architect  should  not  take  part  in  a  competition 
)MTETrroR  or  juror  unless  the  competition  is  to  be  conducted  according 

best  practice  and  usage  of  the  profession,  as  evidenced  by  its  having 
sd  the  approval  of  the  Institute,  nor  should  he  continue  to  act  as  pro- 
NAL  adviser  after  it  has  been  determined  that  the  program  cannot  be  so 


1730  The  Cftnons  of  Ethics 

drawn  as  to  receive  such  approval.    When  an  architect  has  been 
submit  sketches  for  a  given  project,  no  other  architect  should  subaik 
for  it  until  the  owner  has  taken  definite  action  on  the  first  sketches, 
far  as  the  second  architect  is  concerned,  a  competition  is  thus 
Except  as  an  authorized  competitor,  an  architect  may  not  attempt  ts  <. 
work  for  which  a  competition  has  been  instituted.     He  may  not 
influence  the  award  in  a  competition  in  which  he  has  submitted 
may  not  accept  the  commission  to  do  the  work  for  which  a  oompetidoD  1 
instituted  if  he  has  acted  in  an  advisory  capacity  either  in  drawing  the  i 
or  in  making  the  award. 

(X5)  On  Injuring  Others.    An  architect  should  not  false!)'  or 
injure,  directly  or  indirectly,  the  professional  reputation,  prospects  or 
of  a  fellow  architect. 

(x6)  Ob  Undertakinf  the  Work  of  Others.  An  architect  sfacNild  m 
take  a  coounission  while  the  claim  for  compensation  or  damages  or 
an  architect  previously  employed  and  whose  employment  has  been 
remains  unsatisfied,  unless  such  claim  has  been  referred  to  arbitratiQa.«j 
has  been  joined  at  law;   or  unless  the  architect  previously  emplofBd 
to  press  his  claim  legally;  nor  should  he  attempt  to  supplant  a  fdkm 
after  definite  steps  have  been  taken  toward  his  employment. 

(x7)  On  Duties  to  Stndents  and  Draughtsmen.    The 

advise  and  assist  those  who  intend  making  architecture  their 
beginner  must  get  his  training  solely  in  the  office  of  an  architect,  the  ktteri 
assist  him  to  the  best  of  his  ability  by  Instruction  and  advice.    An 
should  urge  his  draughtsmen  to  avail  themselves  of  educational  opportsi 
He  should,  as  far  as  practicable,  give  encouragement  to  all  worthy 
institutions  for  architectural  education.    While  a  thorough  technical  fi 
ation  is  essential  for  the  practice  of  architecture,  architects  cannot  too  iaa 
insist  that  it  should  rest  upon  a  broad  foundation  of  general  culture. 

(i8)  On  Duties  to  the  Public  and  to  Building  Authorities.  An  m 
tect  should  be  mindful  of  the  public  welfare  and  should  participate  wd 
movements  for  public  betterment  in  which  his  special  training  and  a|M| 
quality  him  to  act.  He  should  not,  even  under  Us  dient's  instnxtioa^^ 
in  or  encourage  any  practices  contrary  to  law  or  hostile  to  the  pobfic 
fo**  as  he  is  not  obliged  to  accept  a  given  piece  of  work,  he  cannot,  by 
he  has  but  followed  his  client's  instructions,  escape  the  oondemnatioe 
to  his  acts.  An  architect  should  support  all  public  officials  who 
of  building  in  the  rightful  performance  of  their  legal  duties.  He 
fully  comply  with  all  building  laws  and  regulations,  and  if  any 
him  unwise  or  unfair,  he  should  endeavor  to  have  them  altered. 

(X9)  On  Professional  Qualiflcatieiis.    The  public  has  the  right  t»i 
that  he  who  bears  the  title  ov  ARCHiTECr  has  the  knowledge  and  abifiiyi 
for  the  proper  invention,  illustration  and  supervision  of  all  hmtding 
which  he  may  undertake.    Such  qualificatioiia  alone  justify  the 
the  title  of  architect. 


The  Canons  of  Ethics  * 


The  following  Canons  are  Adopted  by  The  American  InsMj 

Architects  as  a  general  guide,  yet  the  enumeration  of  particular  duties  M 


•  Adopted,  December  14-16,  1909.    Revised,  December  lo-u,  19H. 
2^,  19x8. 


D^;.^( 
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)i  be  construed  as  a  doaiai  of  the  existenoe  of  others  equally  important  although 

}t  specially  mentioned.    It  should  also  be  noted  that  the  several  section? 

dicate  ofiEenses  of  greatly  varying  degrees  of  gravity.    It  is  unprofessional  for 

^architect 

(i)  To  engage  directly  or  indirectly  in  any  of  the  hidkUng  or  decorative  trades. 

,(2)  To  guarantee  an  estimate  or  oontract  by  bond  or  otherwise. 

(3)  To  accept  any  commission  or  substantial  service  from  a  contractor  ot 
»m  any  interested  party  other  than  the  owner. 

(4)  To  take  part  in  any  competition  which  has  not  received  the  approval  of 
e  Institute  or  to  oontinue  to  act  as  professional  adviser  after  it  has  been  de- 
rmined  that  the  program  cannot  be  so  drawn  as  to  receive  such  approval. 

(5)  To  attempt  in  any  way,  except  as  a  didy  authorized  competitor,  to 
cure  work  for  which  a  competition  is  in  progress. 

(6)  To  attempt  to  influence,  either  directly  or  indirectly,  the  award  of  a  com- 
tition  in  which  he  is  a  competitor. 

(7)  To  accept  the  commission  to  do  the  work  for  which  a  competition  has  been 
itituted  if  he  has  acted  in  an  advisory  capacity,  either  in  drawing  the  pro* 
un  or  in  making  the  award. 

(8)  To  injure  falsely  or  maliciously,  directly  or  indirectly,  the  professional 
;»utation,  prospects,  or  business  of  a  fellow  architect. 

(9)  To  undertake  a  commission  while  the  claim  for  compensation,  or  damagesi 
both,  of  an  architect  previously  employed  and  whose  employment  has  been 
minated  remains  unsatisfied,  until  such  claim  has  been  referred  to  arbitration 
issue  has  been  joined  at  law,  or  unless  the  architect  previously  employed 
{lects  to  press  his  claim  legally. 

(10)  To  attempt  to  supplant  a  fellow  architect  after  definite  stieps  have  been 
cen  toward  his  employment,  that  is,  by  submitting  sketches  for  a  project  for 
ich  another  architect  has  been  authorized  to  submit  sketches. 

(11)  To  compete  knowingly  with  a  fellow  architect  for  employment  on  the 
sis  of  professional  charges. 

ofessional  Practice  of  Architects.    Details  of  Service  to  be  Rendered 
and  Schedule  of  Proper  Minimum  Charges  * 

Ci)  The  architect's  profesaonal  services  consist  of  the  necessary  conferences, 
i  preparation  of  preliminary  studies,  working  drawings,  spedfications,  large- 
de  and  fuU-size  detail  drawings;  the  drafting  of  forms  of  proposals  and 
Itracts;  the  issuance  of  certificates  of  pajrment;  the  keeping  of  accounts,  the 
leral  administration  of  the  budness  and  supervision  of  the  work,  for  which, 
»pt  as  hereinafter  mentioned,  the  minimum  charge,  based  upon  the  total 
It  of  the  work  t  complete,  is  6  per  cent. 

[2)  On  residential  work,  alterations  to  existing  buildings,  monuments,  fumi- 
«,  decorative  and  cabinetwork  and  landscape-architecture,  it  is  proper  to 
[ke  a  higher  charge  than  above  indicated. 

*As  adopted  at  the  Washington.  D.  C,  Convention,  December  15-17*  x9o8,  and 
revised  in  form  at  the  Minneapolis  convention,  December  6-8,  19x6. 
'  The  words  "the  cost  of  the  work,"  as  used  in  Articles  (i)  and  (9)  hereof,  are  ordinarily 
^  interpreted  as  meaning  the  total  M  the  contract'sums  incurred  for  the  execution  of 
work,  not  inclodlng  arehitect't  and  engineer's  fees  or  the  salary  of  the  clerk  of  the 
cks,  but  in  certain  tan  cases,  that  is,  wlien  labor  or  material  is  fumiafaed  by  the  owner 
m  its  market  cost  or  when  old  niateriaU  are  reused,  the  cost  <rf  the  w<Mk  is  to  be 
srpreted  as  the  cost  of  all  materials  and  labor  necessary  to  complete  the  work,  as 
h  cost  would  have  been  if  all  materials  had  been  new  and  if  all  labor  had  been  fully 
i  at  market  prices  current  when  the  woik  was  ordered,  plus  contractor's  profits  and 

«!PS«» 
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(3)  The  architect  is  entitled  to  oompenBation  for  articles  paichaaed  «■ 

his  direction,  even  though  not  designed  by  him.  ^ 

(4)  Where  the  architect  is  not  otherwise  retained,  conaultation-fees  fcrp 
fessional  advice  are  to  be  paid  in  proportion  to  the  importance  of  the  q«&| 
involved  and  services  rendered.  "j 

(5)  The  architect  is  to  be  reimbursed  for  the  costs  of  transportatioo  li 
living  incurred  by  him  and  his  assistants  while  traveling  in  discharge  of  iaA 
connected  with  the  work,  and  the  costs  of  the  services  of  heating,  ventihai 
mechanical,  and  electrical  engineers. 

(6)  The  rate  of  percentage  arising  from  Articles  (i)  and  (2)  hereof,  thti 
the  basic  rate,  applies  when  all  of  the  work  is  let  under  one  contract.  Sbudi 
the  owner  determine  to  have  certain  portions  of  the  work  executed  isdj 
separate  contracts,  as  the  architect's  burden  of  service,  expense,  and  rcspna 
bility  is  thereby  increased,  the  rate  in  connection  with  such  portions  of  the  «v 
is  greater  (usually  by  4  per  cent)  than  the  basic  rate.  Should  the  owior  (» 
mine  to  have  substantially  the  entire  work  executed  imder  separate  cootna 
then  such  higher  rate  applies  to  the  entire  work.  In  any  event,  hownw.  a 
basic  rate,  without  increase,  applies  to  contracts  for  any  portions  of  the  irH 
on  which  the  owner  reimburses  the  engineer's  fees  to  the  architect. 

(7)  If,  after  a  definite  scheme  has  been  approved,  the  owner  mak^  a  dedn 
which,  for  its  proper  execution,  involves  extra  services  and  expense  for  dnafe 
in  or  additions  to  the  drawings,  specifications,  or  other  documents;  or  if  a  cin 
tract  be  let  by  cost  of  labor  and  materials  plus  a  percentage  or  fixed  sam:  cri 
the  architect  be  put  to  labor  or  expense  bj*  delays  caused  by  the  owner  or  a  esc 
tractor,  or  by  the  delinquency  or  insolvency  of  either,  or  as  a  result  of  damageV 
fire,  he  is  to  be  equitably  paid  for  such  extra  service  and  expense. 

(8)  Should  the  execution  of  any  work  designed  or  specified  by  the  ard^ 
or  any  part  of  such  work  be  abandoned  or  suspended,  the  architect  is  to  be  pft 
in  accordance  with  or  in  proportion  to  the  terms  of  Article  (9)  of  thb  Sdiedd 
for  the  service  rendered  on  account  of  it,  up  to  the  time  of  sudi  abandonateaCi 
suspension. 

(9)  Whether  the  work  be  executed  or  whether  its  execution  be  snspeodeJl 
abandoned  in  part  or  whole,  payments  to  the  architect  on  his  fee  are  sc^ 
to  the  provisions  of  Articles  (7)  and  (8),  made  as  follows:  Upon  coiBpledl 
of  the  preliminary  studies,  a  sum  equal  to  20  per  cent  of  the  basic  rate  (X4D{«d 
upon  a  reasonable  estimated  cost.  Upon  comi^etion  of  specificatioos  aad  m 
eral  working  drawings  (exclusive  of  details)  a  sum  sufficient  to  increase  M 
ments  on  the  fee  to  sixty  per  cent  of  the  rate  or  rates  of  commission  agreeti  44 
as  influenced  by  Article  (6),  computed  upon  a  reasonable  cost  estimated^ 
such  completed  specifications  and  drawings,  or  if  bids  have  been  ncam 
then  computed  upon  the  lowest  bona-fide  bid  or  bids.  From  time  to  ti^ 
during  the  execution  of  work  and  in  proportion  to  the  amount  ci  seroce  tt 
dered  by  the  architect,  payments  are  made  until  the  aggregate  of  afl  payiadl 
made  on  account  of  the  fee  under  this  Article  reaches  a  sum  equal  to  t^  1^ 
or  rates  of  commission  agreed  upon  as  influenced  by  Article  (6),  computed  4^ 
the  final  cost  of  the  work.  Payments  to  the  architect,  other  than  those  w  h 
fee,  fall  due  from  time  to  time  as  his  work  is  done  or  as  costs  are  incuzxcd  8 
deduction  is  made  from  the  architect's  fee  on  account  of  penalty,  £qiffi(irii 
damages  or  other  sums  withheld  from  payments  to  contractors. 

(10)  The  owner  is  to  furnish  the  architect  with  a  comi^ete  and  actoi 
survey  of  the  building-ate,  giving  the  grades  and  lines  of  streets,  pavcBM 
and  adjoining  properties;  the  rights,  restricUons,  easements,  boundanes  4 
contours  of  the  building-site,  and  full  information  as  to  seweTj  water,  gas  a 
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Ktrical  service.  The  owner  is  to  pay  for  borings  or  test-pits  and  lor  chemical 
ichanical  or  other  tests,  when  required. 

(xi)  The  ardiitect  endeavors  to  guard  the  owner  against  defects  and  de- 
iencies  in  the  work  of  contractors,  but  he  does  not  guarantee  the  performance 
their  contracts.  The  supervision  of  an  architect  is  to  be  distinguished  from 
i  continuous  personal  superintendence  to  be  obtained  by  the  employment 
a  cleric  of  the  works.  When  authorized  by  the  owner,  a  clerk  of  the  works, 
reptahie  to  both  owner  and  architect,  is  to  be  engaged  by  the  architect  at  a 
ary  satisfactory  to  the  owner  and  paid  by  the  owner,  upon  presentation  of 
i  architect's  monthly  certificates. 

[x2)  When  requested  to  do  so,  the  architect  makes  or  procures  preliminary 
imates  on  the  cost  of  the  work  and  he  endeavors  to  keep  the  actual  cost  of 
i  work  as  low  as  may  be  consistent  with  the  purpose  of  the  building  and  with 
>per  workmanship  and  material,  but  no  such  estimate  can  be  regarded  as 
ler  than  an  approximation. 

,13)  Drawings  and  specifications,  as  instruments  of  service,  are  the  property 
the  architect,  whether  the  work  for  which  they  are  made  be  executed  or  not. 

ARCHITECTURAL  COMPETITIONS  ♦ 

rhis  Circular  of  Advice  furnishes  information  as  to  the  best  methods  of 
iducting  architectural  competitions  and  states  the  conditions  which  are  pre- 
[uisite  to  participation  in  them  by  members  of  The  American  Institute  of 
:hitects.  It  does  not  apply  to  competitions  for  work  to  be  erected  elsewhere 
m  in  the  United  States,  its  territories  and  possessions. 

rhe  Attitude  of  The  American  Institute  of  Architects  to  Competitions. 

ce  its  foundation,  more  than  sixty  years  ago  (1837),  The  American  Institute 
Architects  has  given  much  attention  to  the  conduct  of  architecttral  com- 
riTioNS.  These  contests,  instituted  when  the  direct  selection  of  an  architect 
lid  not  be  made,  were  for  many  years  conducted  without  proper  regulation 
i  often  in  disregard  of  the  interests  both  of  the  owner  and  of  the  competitors, 
e  owner,  totally  unfamiliar  with  the  intricacies  of  the  subject,  assumed,  with- 
skilled  a^stance,  to  prepare  the  programme,  laying  down,  or  more  frequently 
oring,  rules  to  govern  procedure.  With  the  growth  of  the  countr>',  the  in- 
ase  in  expenditures  for  public  and  private  buildings,  and  the  increase  in  the 
nber  of  architects,  all  the  evils  of  ill-regulated  competitions  became  more 
rked.  Programmes  varied  from  loose  and  careless  forms,  difficult  to  under- 
nd  and  often  open  to  the  suspicion  that  only  the  initiated  knew  what  they 
mt,  to  over-elaborate  ones  necessitating  useless  study  of  details  and  needless 
wings.  Those  instituting  the  competition  often  had  no  legal  authority 'to  pay 
'  competitors,  still  less  to  employ  the  winner.  There  was  great  economic 
»te,  the  total  cost  of  participation  exceeding  the  total  net  profit  accruing  to  the 
Cession  from  work  secured  through  competitions.  Architects  have  learned 
t  the  outcome  of  a  competition,  unless  governed  by  well-defined  agreements, 
irgely  a  matter  of  chance.    The  owner  has,  to  be  sure,  a  choice  of  designs,  but 

The  Ameri^.aa  Institute  of  Architects,  Document  Z14.  Reprinted  by  permissioD. 
borieeri  by  the  43d  annual  convention  at  Washinj^n,  D.  C,  December  14-16,  1909; 
sd  March  jo,  1910,  amended  June  10,  2910;  and  January  3,  191 1;  ratified  by  the 
I  annual  convention  at  San  Francisco,  January  16-21,  191 1;  reaffirmed  by  the  4Sth 
uulI  convention  at  Washington,  D.  C;  amended  January  3,  1912,  as  authorized  by 
convention;  amended  December  9,  1912,  and  ratified  by  the  46th  annual  convention 
VashinRton,  D.  C,  December  10-12,  1912;  amended  December  2,  1913,  and  ratified 
lie  47th  annual  convention  at  New  Orleans,  La.,  December  3-5,  1913;  amended  and 
ied  by  the  48th  annual  convention  at  Washington,  D.  C,  December  3-4,  19x4. 
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• 

be  b  DO  more  likely  to  make  the  wiiest  idbotioo  or  to  obtata  tbe  beit 

than  if  he  selects  his  architect  directly,  guided  by  the  resulti  previoody 
by  the  men  be  is  conridering.    When  a  oompetitioii  is  ncoessaxy  or 
it  should  be  of  such  form  as  to  establish  equitable  rriatiops  beiweca  the 
and  the  competitors.    To  insure  this: 

(i)  The  KEQUtREMENTS  should  be  dear  and  definite*  and  the  Ttf»*w* 
them,  since  it  must  be  in  technical  terms,  shouU  be  drawn  by  one  iamilitf 
such  terms. 

(2)  The  ceifFETEKCY  of  all  competing  should  be  assured.    Thedraviacss^ 
mitted  in  a  competition  are  evidence,  only  in  part*  of  the  ability  of  tl^  srdHUi 
to  execute  the  building.    Tbe  owner,  for  his  own  protection,  ahouki  sdoii  s 
the  competition  only  those  to  whom  he  would  be  willing  to  entrust  the  sok  [ 
that  is,  to  men  of  known  honesty  and  competence.  I 

(3)  The  AOREEMRNT  between  the  owner  and  the  competiton  ihooid  W 
definite,  as  becomes  a  plain  statement  of  business  rdations.  M 

(4)  The  JUDGMENT  should  be  based  on  knowledge,  and  since  ideas  pnsaaA 
in  the  form  of  drawings  are  intelligible  only  to  a  trained  mind,  judgment  ikdl 
not  be  rendered  until  the  owner  has  received  competent  technical  advice  is  n 
the  merits  of  those  ideas. 

To  sum  up:  To  insure  the  best  results,  a  competition  should  have  (i) 
programme,  (3)  competent  competitors,  (3)  a  business  agreement,  (4) 
judgment. 

Fifteen  srears  ago  many  competitions  had  none  of  these  proviskms  and  iMj 
had  all  of  them.  The  commonest  form  of  competition  was  one  that  si^ 
open  to  all,  had  a  programme  prepared  by  a  layman,  was  judged  by  the  and 
without  professional  assistance,  contained  no  agreement,  and  made  no  proTsaj 
to  eliminate  the  incompetent.  All  this  demanded  correction.  The  Insdt8lB| 
seeking  a  means  of  reform,  perceived  at  once  that  its  relation  to  the  owner  codLJ 
be  only  an  advisoky  one.  It  might  advise  him  how  to  hold  a  competiuXi 
but  it  could  go  no  further.  To  architects  in  general  the  Institute  oodi 
scarcely  presume  to  offer  even  its  advice,  but  being  a  professiooal 
charged  with  maintaining  ethical  standards  among  its  own  members,  its 
was  to  see  that  they  did  not  take  part  in  competitions  that  fell  below  a 
able  standard.  ^ 

It  was,  therefore,  voted  in  convention  of  the  Institute  that  members  ^tam 
be  free  to  take  part  in  competitions  only  when  their  terms  had  leodved  91 
APPROVAL  OF  THE  INSTITUTE.  Thereupon  the  Institute  fully  stated  the  p^ 
dples  which  should  govern  competitions  and  defined  the  conditions 
to  the  giving  of  its  approval.  These  are  contained  in  the  Ciscui.ar  op 
here  fallowing,  which  is  intended  as  a  guide  to  all  who  are  interested  in 
petitions.  Committees  of  the  Institute  throughout  the  country  are  ai 
to  give  its  approval  to  competitions  when  properly  conducted,  but  unkss 
programme  has  received  such  approval  members  of  the  Institute  do  not  acoe|i 
a  position  as  competitor  or  juror,  nor  does  a  member  continue  to  act  as  pron 
aional  adviser  after  it  becomes  evident  that  the  owner  will  not  penait  11 
programme  to  be  brought  into  harmony  with  the  prindples  appro^'ed  by  M 
Institute.  ^  ' 

The  position  thus  taken  by  the  Institute  is  by  no  means  an  aibitrary  one.  a* 
it  governs  the  action  of  none  but  its  own  members.  To  the  owner  its  serHB 
has  been  of  great  value  in  giving  him  information  and  useful  advice  and  is  sivil 
him  from  the  delays,  cost  and  disappointment  inddent  to  the  amateur  cuadH 
of  a  competition.  The  owner  who  disregards  the  standard  set  by  the  losdtri 
finds  it  increasingly  difficult  to  get  men  of  standing  in  the  profcsstoo  to  esSI 
He  vrhr^  ra.'cps  ^is  programme  to  that  standard  has  no  difficulty  in  seaffiaf  d 
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inces  of  architects  of  the  greatest  ability.  Even  in  the  few  years  since  the 
titute  first  made  its  firm  stand  against  the  abuses  of  competitionsi  the  effect 
that  action  has  been  far  greater  than  couki  have  been  foreseen.  It  has  not 
»gether  eliminated  illHcegulated  competitions,  but  it  has  greatly  reduced  their 
nber,  and  it  is  safe  to  say  that  no  competition  of  {Mrime  importance  is  now 
ducted  except  in  accordance  with  the  principles  stated  in  the  following  Cnt- 
AM,  or  Advice: 

CircttUr  of  Advice  and  Iiiformati<m  Relative  to  the  Conduct  of 

ArchitectUFtl  Competitiont 

SompetitioiLS  are  instituted  to  enable  the  owner  *  to  choose  an  architect 
lugh  comparison  of  the  designs  submitted.  The  American  Institute  of  Archi- 
ls, believing  that  the  interests  of  both  owner  and  competitors  are  best  served 
fair  and  equitable  agreements  between  them,  issues  this  circular  as  a  state- 
rr  OF  THE  PRINCIPLES  wMch  should  underlie  such  agreements.  The  Institute 
s  not  assume  to  dictate  the  owner's  course  in  conducting  competitions,  but 
s  to  assist  him  by  advising  the  adoption  of  such  methods  as  experience  has 
ved  to  be  just  and  wise.  So  important,  however,  does  the  adoption  of  such 
:hods  appear  to  architects  that  members  of  the  Institute  do  not  take  part  in 
^petitions  except  under  conditions  based  on  this  circular  and  specifically  set 
h  in  Articles  (i6)  and  (i8). 

l)  On  Competitions  in  General.  A  competition  exists  when  two  or  more 
litects  prQ>are  sketches  at  the  same  time  for  the  same  project,  but  no  archi- 
who  prepares  drawings  for  comparison  in  problems  of  an  altruistic  or  edu- 
onal  nature,  where  the  problem  does  not  involve  a  definite  proposed  building 
tatioo,  shall  be  held  as  having  taken  part  in  a  competition,  within  the  mean- 
of  this  circular  of  advice. 

i)  On  the  Employment  of  t  Professional  Adviser.  No  competition 
II  be  instituted  without  the  aid  of  a  competent  adviser.  He  should  be  an 
litect  of  the  highest  standing  and  his  selectbn  should  be  the  owner's  first 
>.  He  must  be  chosen  with  the  greatest  care,  as  the  success  of  the  competition 
depend  largely  upon  his  experience  and  ability.  The  expert's  advice  is 
;reat  value  to  the  owner,  for  example,  in  so  drawing  the  programme  as  to 
guard  him  against  the  employment  of  an  architect  who  submits  a  design 
ely  exceeding  in  cost  of  execution  the  sum  at  his  disposal,  and  in  helping  him 
void  the  disappointment,  embarrassment  and  litigation  which  so  often  result 
a  competitions  conducted  without  expert  technical  advice.  The  duties 
[BE  expert  are  to  advise  those  who  hold  the  competition  as  to  its  form  and 
BSi,  to  draw  up  the  programme,  to  advise  in  choosing  the  competitors,  to 
irer  their  questions,  and  to  conduct  the  competition, 
l)  On  the  Forms  of  Competition.  The  following  forms  of  competition 
recognized: 

naxED.  In  this  form,  partidpation  is  limited  to  a  certain  number  of  archi- 
s  whose  names  should  be  stated  in  the  programme  and  to  any  one  of  whom 
owner  is  willing  to  entrust  the  work.  In  a  limited  coMPETmoN  the  com- 
itors  may  be  chosen  (a)  from  among  architects  whose  ability  is  so  evident 
t  no  formal  inquiry  into  their  qualifications  is  needed,  or  (b)  from  among 
tftects  who  make  application  accompanied  by  evidence  of  their  education 
:  experience.  The  lunited  form  has  the  advantage  that  the  owner  and  the 
fessional  adviser  may  meet  competitors  and  discuss  the  terms  of  the  com- 

The  penon,  corpontx>D  or  other  entity  instituting  a  competition,  whether  acting 
ctly  or  through  representatives,  is  herein  called  the  owner. 
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oetition  with  them  before  the  issuance  of  the  programme     Fonn  (a)  a 
simplest  and  most  direct  form  of  competition. 

Open.    The  Institute  believes  that  a  competition  open  to  axx  nbo  mi! 
participate  without  regard  to  their  qualifications  is  detrimental  to  the  i 
alike  of  owner  and  of  architects.    It  will,  therefore,  give  its  approval  to  tiot 
only  when  conducted  in  two  stages,  since  by  that  means  alone  it  is  possiUe 
insure  anonymity  of  submission  while  safeguarding  the  owner's  intere^ 
the  selection  as  winner  of  a  person  lacking  the  qualifications  set  forth  m 
(4)  hereof.    In  this  form  there  is  a  first  stage  open  to  all,  in  which  tk 
petitive  drawings  are  of  the  slightest  nature,  involving  only  the  fun 
ideas  of  the  solution.    These  drawings  are  accompanied  by  evidence  of  the 
petitor's  education  and  experience.     From  the  first  stage  a  small  numbc 
have  thus  demonstrated  their  competence  to  design  the  work  and  to  carrr 
successfully  into  execution  are  chosen  to  take  part  in  a  final  and  strictly  \soi 
Mous  STAGE  involving  competitive  drawings  of  the  type  indicated  in  Artide  ^ 
hereof. 

(4)  On  the  Qualification  of  Competitors.    The  interests  of  the  0^ 
may  be  seriously  prejudiced  by  admitting  to  a  limited  competitioa  or  to  t 
second  stage  of  an  open  competition  any  architect  who  has  not  establiabed 
the  satisfaction  of  the  owner  his  competence  to  design  and  execute  the  "o 
It  is  sometimes  urged  that  by  admitting  all  who  wish  to  take  part  some  unkofli 
but  brilliant  designer  may  be  found.    If  the  object  of  a  competitioQ  were  a  J 
of  sketches,  such  reasoning  might  be  valid.     But  sketches  gi\'e  no  e\Tdenadu 
their  author  has  the  matured  artistic  ability  to  fulfil  thdr  promise,  or  tktf  I 
his  the  technical  knowledge  necessary  to  control  the  design  of  the  highly  cai 
plex  structure  and  equipment  of  a  modem  building,  or  that  he  has  esea£{ 
ability  for  large  affairs,  or  the  force  to  compel  the  proper  execution  of  conlnd 
Attempts  have  often  been  made  to  defend  the  owner's  interests  by  assDciita 
an  architect  of  ability  with  one  lacking  in  experience.    These  have  geoenfi 
resulted  in  failure.    As  the  owner  should  feel  bound,  not  only  legally,  b*i 
point  of  honor,  to  retain  as  his  architect  the  competitor  to  whom  the  t«ai4^ 
made,  it  is  essential  that  the  competitors  in  a  limited  competiti(Mi,  or  a  4 
second  stage  of  an  open  competition,  should  be  selected  with  the  greatest  aat^ 
consultation  with  the  professional  adviser,  and  that  there  should  be  oM 
among  them  only  architects  in  whose  ability  and  integrity  the  owner  has  iW 
lute  confidence,  and  to  any  one  of  whom  he  b  willing  to  entrust  the  wonL   < 

(5)  On  the  Number  of  Competitors.  Experience  has  demonstrated  A 
the  admission  of  maxy  competitors  is  detrimental  to  the  success  of  a  coaH 
tion.  When  there  are  many,  each  knows  that  he  has  but  a  slight  chaatt' 
success,  and  he  is  therefore  less  aroused  to  his  best  effort  than  when  there  are! 
a  few.  As  the  owner  is  interested  only  in  the  best  result,  he  is  iil-ad>Tse4 
sacrifice  quality  for  quantity. 

(6)  On  Anonymity  of  Competitors.  Absolute  and  effective  A5oyi4 
is  a  necessary  condition  of  a  fair  and  unbiased  competition.  The  sicsoei 
DRAWINGS  should  not  be  permitted  nor  should  they  bear  any  motto,  dcritfj 
distinguishing  mark.  Drawings  and  the  accompanying  sealed  cnvelopfi  m 
taining  their  authors'  names  should  be  numbered  upon  receipt,  the  enrd^ 
remaining  unopened  until  after  the  award. 

(7)  On  the  Cost  of  the  Proposed  Work.  No  statement  of  the  ctcfli 
COST  OF  THE  WORK  should  be  made  unless  it  has  been  ascertained  that  the  M 
as  described  in  the  programme  can  be  properly  executed  within  the  sua  m* 
In  g**'  '  -  wiser  to  limit  the  cubic  contents  of  the  building  ihaD  to  tfi* 
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t  of  cost.  The  programme  should  neither  require  nor  permit  competitors 
umish  their  own  or  builders'  estimates  of  the  cost  of  executing  the  work  in 
>Tdance  with  their  designs.  Such  estimates  are  singularly  unreliable.  If 
cubage  be  properly  limited  they  are  unnecessaiy. 

^)  On  the  Jury  of  Award.  To  insure  a  wise  and  just  award  and  to  pro- 
.  the  interests  of  both  the  owner  and  the  competitors,  the  competitive  draw- 
\  should  be  submitted  to  a  jury  so  chosen  as  to  secure  expert  knowledge  and 
dora  from  personal  bias.  Such  a  jury  thoroughly  understands  and  can 
lain  the  intent  of  the  drawings.  It  discovers  from  them  their  authors' 
I  in  design,  arrangement  and  construction.  Because  of  its  trained  judgment 
idvice  as  to  the  merits  of  the  designs  submitted  is  of  the  highest  value  to  the 
ler.  The  jury  must  consist  of  at  least  three  members,  one  of  whom  must, 
a  majority  of  whom  should,  be  practicing  architects.  One  or  more 
abers  of  the  jury  may  be  chosen  by  the  competitors.  It  is  the  duty  of  the 
y  to  study  carefully  the  programme  and  all  conditions  relating  to  the  problem 
,  the  competition  before  examining  the  designs  submitted;  to  refuse  to  make 
ecommend  an  award  in  favor  of  the  author  of  any  design  that  does  not  fulfil 
conditions  distinctly  stated  as  mandatory  in  the  programme;  to  give  ample 
e  to  the  careful  study  of  the  designs;  and  to  render  a  decision  only  after 
;ure  consideration.  The  jury  should  see  to  it  that  a  copy  of  its  report  reaches 
ry  competitor.  The  professional  adviser  should  not  be  a  member  of  the 
r,  as  his  judgment  is  apt  to  be  influenced  by  his  previous  study  of  the  problem. 

^)  On  the  Competitiye  Drawings.  The  purpose  of  an  architectural  com- 
tion  is  not  to  secure  fully  developed  plans,  but  such  evidence  of  skill  in  treat- 
the  essential  elemei^  of  the  problem  as  will  assist  in  the  selection  of  an 
BXTECT.  The  drawings  should,  therefore,  be  as  few  in  number  and  as  ample 
baracter  as  will  express  the  general  design  of  the  building.  A  jury  of  experts 
i  not  need  elaborate  drawings. 

ro)  On  tbe  Programme.  The  programme  should  contain  rules  for  the 
duct  of  the  competition,  instructions  for  competitors  and  the  jury,  and  the 
wment  between  the  owner  and  the  competitors.  Uniform  conditions  for  all 
ipetitors  are  fundamental  to  the  proper  conduct  of  competitions.  Lengthy 
irammes  and  detailed  instructions  as  to  the  desired  accommodations  should 
avoided  as  they  confuse  the  problem  and  hamper  the  competitors.  The 
blem  should  be  stated  broadly.  Its  solutions  should  be  left  to  the  competi- 
u  A  distinction  should  be  clearly  drawn  between  the  mandatory  and  the 
;isoRY  provisions  of  the  programme,  that  is,  between  those  which,  if  not  met, 
dude  an  award  in  favor  of  the  author  of  a  design  so  failing,  and  those  which 
merely  optional  or  of  a  suggestive  character.  The  mandatory  requirements 
sld  be  set  fofth  in  such  a  way  that  they  cannot  fail  to  be  recognized  as  such. 
gr  should  be  as  few  as  possible,  and  should  relate  only  to  matters  which 
not  be  left  to  the  discretion  of  the  competitors.  It  is  difficult  to  summarize 
■fly  the  programme,  but  it  should  at  least: 

i)  Name  the  owner  of  the  structure  forming  the  subject  of  the  competition, 
[  state  whether  the  owner  institutes  the  competition  personally  or  through 
(esentatives;  if  the  latter,  name  the  representatives,  state  how  their  author- 
is  derived,  and  define  its  scope. 

b)  State  the  kind  of  competition  to  be  instituted,  and  in  limited  competitions 
Be  the  competitors;  or  in  open  competitions,  if  the  competition  is  limited 
graphically  or  otherwise,  state  the  limits. 

c)  Fix  a  time  and  place  for  the  receipt  of  the  designs.  The  time  shoidd  not 
altered  except  with  the  unanimous  consent  of  the  competitors. 

d)  Furnish  exact  information  as  to  the  site. 
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(e)  State  the  desired  accommodaticMi,  avoiding  detail. 

(f )  State  the  cost  if  it  be  fixed  or,  better,  limit  the  cubic  coatwits. 

(g)  Fix  uniform  requirements  for  the  drawings,  giving  the  number,  tk  a 
or  scales,  and  the  method  of  rendering. 

(h)  Forbid  the  submission  of  more  than  one  design  by  any  one  oompetsoc 

(i)  Provide  a  method  for  insuring  anonymity  of  submission. 

(j)  Name  the  members  of  the  Jury  or  provide  for  their  sekcdoa.  M 
their  powers  and  duties.  If  for  legal  reasons  the  jury  may  not  make  tbe  tt 
award,  state  such  reasons  and  in  whom  such  power  is  vested. 

(k)  Provide  that  no  award  shall  be  made  in  favor  of  any  design  untfl  ibtp 
shall  have  certified  that  it  does  not  violate  any  mandatory  requirement  d  i 
programme. 

(I)  Provide  that  during  the  competition  there  shall  be  no  commoakaii 
relative  to  it  between  any  competitor  and  the  owner,  his  repmentatives.  or  a 
member  of  the  jury,  and  that  any  communication  with  the  prof essiooal  adn 
shall  be  in  writing.  Provide  also  that  any  information,  whether  in  ansvcri 
such  communications  or  not,  shall  be  given  in  writing  simultaneoody' tD  i 
competitors.    Set  a  date  after  which  no  questions  will  be  answered. 

(m)  State  the  number  and  amount  of  payments  to  competitors. 

(n)  Provide  that  the  professional  adviser  shall  send  a  report  of  the  oonpe 
tion  to  each  competitor,  including  therein  the  report  of  the  jury. 

(o)  Provide  that  no  drawing  shall  be  exhibited  or  made  public  until  after  t 
award  of  the  jury. 

(p)  Provide  for  the  return  of  unsuocesafnl  drawings  to  their  le^pectiine  aotho 
within  a  reasonable  time. 

(q)  Provide  that  nothing  original  in  any  of  the  unsucoessfui  desigitt  stal 
used  without  consent  of,  and  compensation  to,  the  author  of  the  desisa  k  vii 
it  appears. 

(r)  Include  the  contract  between  the  owner  and  the  competitQCB. 

(s)  Include  the  contract  between  the  owner  and  the  architect  veodviaii 
award. 

(ii)  On  the  Agreement.  An  owner  who  institutes  a  competftfcm  tfii 
a  moral  obligation  to  retain  one  of  the  competitors  as  his  architect.  In  ^ 
*^hat  architects  invited  to  compete  may  determine  whether  they  will  tafcep 
it  is  essential  that  they  should  know  the  terms  upon  which  tbe  wiimcr  wil 
employed;  and  it  is  of  the  utmost  importance  to  the  owner  that  thost  i^ 
should  be  so  clearly  defined  that  no  disEigreement  as  to  their  meaning  en  4 
after  the  award  is  made.  Unless  they  be  so  defined,  delay  is  likely  to  occsrij 
disagreements  to  arise  at  a  time  when  a  complete  understanding  betireea«^ 
and  architect  is  most  important  for  the  welfare  of  the  work.  Thetdim  M 
must  be  included  in  the  programme  a  form  which  guarantees  the  appoiitf^ 
of  one  of  the  competitors  as  architect  and  provides  an  agreement  oporf 
upon  that  appointment,  defining  his  employment  in  terms  consonant  inki 
best  practice.  This  must  conform  in  all  fimdamental  respects  to  the  91l 
form  of  agreement  appended  to  this  circular. 

(13)  On  Payments  to  Unsuccessful  Competitors.  In  a  limited^ 
petition  and  in  the  second  stage  of  an  open  competition  eadi  conspdM 
except  the  winner,  should  be  paid  for  his  services. 

(13)  On  Legality  of  Procedure.    It  is  highly  important  that  aA  ^ 
taken  in  connection  with  a  competition  and  every  provision  of  the 
should  be  in  consonance  with  law.    Those  charged  with  holding  the 
should  know  and  state  their  authority.    If  they  are  not  empowered  to  bad\ 
principal  by  contracts  with  the  competitors,  they  should  seek  and  reoovtJ 
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luthority  before  issuing  an  invitation.    If  authority  cannot  legally  be  granted 

0  the  jury  to  make  the  award,  tint  fact  should  be  stated,  aad  the  body  named 
n  which  such  autfaonty  is  vested. 

(14)  Oa  fbe  Conduct  of  the  Owner.  In  order  to  maintain  absohite 
mpartiality  toward  all  competitors,  the  owner,  his  representatives  and  all  con- 
nected with  the  enterprise  should,  as  soon  as  a  professional  adviser  has  been 
ippointed,  refrain  from  holding  any  communication  in  regard  to  the  matter 
rith  any  architect  except  the  adviser  or  the  jurors.  The  meeting  with  com- 
petitors described  in  Article  (3)  is  of  course  an  exception. 

(xs)  On  the  Coaduct  of  Architects.  An  architect  should  not  attempt 
a  any  vay»  except  as  a  duly  authorized  competitor^  to  secure  work  for  which  a 
ompetition  is  in  prqgieaB,  nor  should  he  attempt  to  Influence,  either  directly 
r  indirectly,  the  award  in  a  competition  in  which  he  is  a  competitor.  An  archl- 
ect  should  not  accept  the  commission  to  do  the  work  for  which  a  compeUtlon 
as  been  instituted  if  he  has  acted  in  an  advisory  capafity,  either  in  drawing  the 
rog^amme  or  making  the  award.  An  architect  should  not  submit  in  competi- 
ba  a  design  which  has  not  been  produced  in  bis  own  office  or  under  bis  own 
irectioa.  No  competitor  should  enter  into  association  with  another  architect, 
scept  with  the  consent  of  the  owner.  If  such  associates  should  win  the  com- 
etition,  their  association  should  continue  until  the  completion  of  the  work 
Irns  won.  During  the  competition,  no  competitor  should  hold  any  cooununi- 
sition  relative  to  it  with  the  owner,  his  representatives  or  any  mcnber  cf  the 
xry,  nor  shoukl  he  hold  any  communication  with  the  professional  adviser,  except 
;  be  in  writing.  When  an  architect  has  been  authorized  to  submit  sketdies 
>r  a  given  project,  no  other  architect  should  submit  sketches  for  it  until  the 
wner  has  taken  definite  action  on  the  first  sketches,  since,  as  far  as  the  second 
rchitect  is  concerned,  a  competition  is  thus  established. 

(x6)  On  the  Partidpation  of  Membert  of  the  Institute.  Members  of 
'he  American  Institute  of  Architects  do  not  take  part  as  competitors  or  jurors 

1  any  competition  the  programme  of  which  has  not  received  the  formal  approval 
I  the  Institute,  nor  does  a  member  continue  to  act  as  professional  adviser  after 

has  been  determined  that  the  programme  cannot  be  so  drawn  as  to  receive 
ich  approval. 

(17)  Committsss.  In  order  that  the  advice  of  the  Institute  may  be  given 
>  those  who  seek  it  and  that  its  approval  may  be  given  to  programmes  in  coo- 
Hiance  with  its  principles,  the  Institute  maintains  the  following  committees: 

(a)  The  Standing  CoicknTTEE  on  Competitions,  representing  the  Institute 
\  its  relation  to  competitions  generally.  This  committee  advises  the  subcom- 
attees  and  directs  their  work  and  the^  report  to  it. 

(b)  A  stJBCOMMiTTEE  fer  the  terntory  of  each  chapter,  representing  the 
istitute  in  its  relation  to  competitions  for  woik  to  be  erected  within  such 
srritory. 

The  president  of  the  chapter  is  ex-officio  chairman  of  the  subcommittee. 
he  other  members  of  which  he  appoints.  The  subcommittees  derive  their 
ithority  from  the  Institute  and  not  from  the  chapters.  An  appeal  from  the 
ecision  of  a  subcommittee  may  be  made  to  the  standing  committee.  The 
anding  committee  may  approve,  modify  or  annul  the  decision  of  a  subcom- 
tittee. 

(x8)  The  Institute's  Approval  of  the  Programme.  The  approval  of  the 
istitute  is  not  given  to  a  programme  unless  it  meets  the  following  essential 
editions: 

(a)  That  there  be  a  professional  adviser. 

(b)  That  the  competition  be  of  one  of  the  forms  described  in  Article  (3). 
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(c)  That  the  programme  contain  an  Agreement  and  Conditions  or  Ccf 
TRACT  between  architect  and  owner  in  conformity  with  those  printed  b  tk 
Appendix  of  this  circular,  that  it  include  no  provision  at  variance  thetei^ 
that  it  contain  terms  of  payments  in  accord  with  good  {iractice,  and  that  it  spe 
cifically  set  forth  the  nature  of  expert  engineering  services  for  which  the  arctitsd 
will  be  reimbursed. 

(d)  That  the  programme  make  provision  for  a  jury  of  at  least  three  penoK 

(e)  That  the  progranune  conform  in  all  particulars  to  the  spirit  of  tbb  (ff 
cular. 

When  the  programme  meets  the  above  essential  conditions,  the  approvsl  d 
the  Institute  may  be  given  to  it  by  the  subconunittee  for  the  territorf  in  vivi 
the  work  is  to  be  erected,  or  if  there  be  no  subcommittee  for  that  territory,  tbo 
by  the  standing  committee  on  competitions.  If,  for  legal  or  other  reasons,  ^ 
standing  committee  deem  that  deviations  from  the  essential  conditioss  ai 
justified,  it  may  give  the  approval  of  the  Institute  to  a  programme  omtxini 
such  deviations.  Power  to  give  approval  in  such  cases  is,  however,  vested  (oIl 
in  the  standing  committee.  The  professional  adviser,  when  duly  antbuiai 
in  writing  by  the  proper  committee,  may  print  the  Institute's  apprarais 
a  part  of  the  programme  or  otherwise  communicate  it  to  those  invited  i 
compete. 

Typical  Form  of  Agreameiit  between  Owner  and  Compeiiton 

In  consideration  of  the  submission  of  drawings  in  this  competition  (here  ka^ 
the  name  of  the  owner  or  of  the  body  duly  authorized  to  enter  into  ooatz^ 
on  behalf  of  the  owner),  hereinafter  called  the  owner,  agrees  with  the  comped 

tors  jointly  and  severally  that  the  owner  will,  within dzys  (^  the  dfi 

set  for  the  submission  of  drawings,  make  an  award  of  the  commisaoo  to  6g$ 
and  supervise  the  work  forming  the  subject  of  this  competition  to  one  of  tbri 
competitors  who  submit  drawings  in  consonance  with  the  mandatory  reqss 
ments  of  this  programme,  and  will  thereupon  pay  him,  on  account  of  his  sernod 
as  architect,  one-tenth  of  his  total  estimated  fee  as  stated  bdow.  And  fiotkl 
in  consideration  of  the  submission  of  drawings  as  aforesaid  and  the  muta 
promises  enumerated  in  the  subjoined  Conditions  op  Contract  BEmil 
Architect  and  Owner,  the  owner  agrees  and  each  competitor  agrees,  if  ij 
award  be  made  in  his  favor,  immediately  to  enter  into  a  oontnuit  contaiaioii 
the  Conditions  here  following,  and  until  such  contract  is  eiEecated  to  be  bow 
by  the  said  Conditions. 

1 

OOndittons  of  Contract  between  Architect  and  Owner 

Article  I.    Duties  of  the  Aschitbct 

I 

(x)  Design.  The  architect  is  to  design  the  entire  building  and  its  rmmeS^ 
surroundings  and  is  to  design  or  direct  the  design  of  its  constructive,  eapnto^ 
and  decorative  work  and  its  fixed  equipment  and,  if  further  retained,  its  isordfe 
furniture  and  the  treatment  of  the  remainder  of  its  grounds. 

(a)  Drawings  and  Specifications.  The  architect  is  to  make  such  rrriia 
of  his  competitive  scheme  as  may  be  necessar>'  to  complete  the  prdit^^ 
studies;  and  he  is  to  provide  drawings  and  specifications  necessary  for  thet** 
duct  of  the  work.  All  such  instruments  of  service  are  and  remain  the  pi^^ 
of  the  architect. 

(3)  Administration.  The  architect  is  to  prepare  or  advise  as  to  a9  ^^ 
connected  with  the  making  of  proposals  and  contracts^  to  issue  aU  certias* 


Architectural  Competitions  1741 

:  payment,  to  keep  proper  acoouots  and  generally  to  discharge  the  necessary 
iministrative  duties  connected  with  the  work. 

(4)  Supervision.    The  architect  is  to  supervise  the  execution  of  all  the  work 
anmitted  to  his  control. 

Article  II.    Duties  of  the  Owner 

(i)  Payments.    The  owner  is  to  pay  the  architect  for  his  services  a  sum 

[ual  to per  cent  *  upon  the  cost  of  the  work.     (The  times  and  amounts 

payments  should  be  here  stated.)  f 

(2)  Reimbursements.    The  owner  is  to  reimburse  the  architect,  from  time 
time,  the  amount  of  expenses  necessarily  incurred  by  htm  or  his  deputies 

iile  traveling  in  the  dischai;ge  of  duties  connected  with  the  work. 

(3)  Service  of  Engineers.  The  owner  is  to  reimburse  the  architect  the  cost 
the  services  of  such  oigineers  for  heating,  mechanical  and  electrical  work  as 

e  specifically  provided  for  in  each  programme.  The  selection  of  such  engineers 
d  their  compensation  shall  be  subject  to  the  approval  of  the  owner. 

(4)  Information,  Clerk  of  the  Works,  etc.  The  owner  is  to  give  all  in- 
rmation  as  to  his  requirements;  to  pay  for  all  necessary  surveys,  borings  and 
Its,  and  for  the  continuous  services  of  a  clerk  of  the  works,  whose  competence 
approved  by  the  architect. 


Standard  Form  of  Competition-Progrsmmet 

The  following  standard  form  of*  Competition-programme,  prepared  by  The 
nerican  Institute  of  Architects,  contains  those  provisions  which  the  Institute 
nsiders  essential  to  the  fair  and  equitable  conduct  of  a  competition.  The 
stitute  in  no  way  assumes  or  attempts  to  dictate  an  Owner's  course  in  con- 
ictihg  a  competition;  it  claims  only  the  right  to  control  its  own  members,  and 
,ving  found  by  experience  the  danger  to  the  interests  of  both  Owner  and 
>icpetitor  from  a  competition  in  which  such  provisions  are  lacking,  it  per- 
ils no  member  to  take  part  in  any  competition  which  does  not  meet  those 
ential  conditions,  and  the  programme  of  which  has  not  been  specifically 
proved.  A  competition  should  be  of  such  form  as  to  establish  equitable  rela- 
»n3  between  the  Owitcr  and  the  Competitor.  To  insure  this,  the  require- 
mts  sHduKJ  be  dear  and  deSnite;  the  competency  of  the  Competitors  should 

assured;  the  agreement  between  the  Owncr  and  Competitors  should  be 
finite,  as  becomes  a  plain  statement  of  business  relations;  and  the  judgment 
>uld  be  based  on  expert  knowledge.    The  following  progranune  will,  if  adhered 

be  duly  approved  by  the  Institute  Subcommittees  on  Competitions  for 
i  various  chapters  of  the  Institute,  and  by  the  Standing  Committee  on 
>Mpetition3  of  the  Institute. 

» The  percentage  inserted  should  be  in  accord  with  pood  practice. 
\  Good  practice  has  established  the  payments  on  account  as  follows:  Upon  completion 
)hc  preliminary  studies  one-fifth  of  the  total  estimated  fee  less  the  previous  payment; 
»a  completion  of  contract-drawings  and  specifications  two-fifths  additional  of  such  fee; 
other  drawins?s,  for  supervision  and  for  a  Iministration,  the  remainder  of  the  fee, 
n  time  to  time,  in  proportion  to  the  proj5ress  of  the  work. 

:  As  authorized  by  the  48th  annual  convention,  1914.  The  American  Institute  of 
Ititects,  Document,  Series  A,  No.  1x5,  Waabiogton,  D.  C.  January,  19x8.  Reprinted 
permission. 
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Frosramm*  of  Competitloa  for 

(Insert  name  of  proposed  building) 

NOTE.  Throughout  this  programme  the  word  Owner  b  used  to  indicate  c&kri 
owner  in  person,  or  those  to  whom  he  has  delegated  his  powers. 

PART   I 

(i)  Proposed  Building.    The 

(Insert  name  of  owner) 

proposes  to  erect  a  new 

(Insert  name  of  baflding) 

on  the  site  at 

(Insert  location) 

(2)  Authority.    The 

(Insert  name  of  owner) 

has  (delegated  to 

(Insert  name  or  names  of  individuah) 
authority  to  select  an  architect  to  prepare  the  plans  for,  and  superraeik 
erection  of  the  building. 

NOTE.  If  authority  for  the  erection  of  the  proposed  baildkig  is  granted  by  ad  c 
legislature,  ordinance,  etc.,  it  is  desirable  to  make  clear  the  source  of  such  authority. 

(3)  Architecttiral  Adviser.  The  Owner  has  appointed  as  his  expat  Pn 
yESsiONAL  Adviser 

(Insert  name  and  address  of  adviser) 
to  prepare  this  programme  and  to  act  as  hb  Adviser  in  the  conduct  of  tli 
competition. 

NOTE.  No  competition  shall  be  instituted  without  the  aid  of  a  oompcteat  wMm 
He  should  be  an  architect  of  the  highest  standing  and  his  selection  should  be  tbeO*3ait 
first  step.  He  should  be  chosen  with  the  greatest  care,  as  the  success  of  the  oompdJai 
will  depend  largely  upon  his  experience  and  ability.  The  duties  of  the  expect  ueV 
advise  those  who  hold  the  competition  in  regard  to  its  form  and  terms,  to  drav  ^^ 
programme,  to  advise  in  choosing  the  Coicpetitors,  to  answer  inquiries  from  CoMPEnTO] 
and  in  general  to  direct  the  competition. 

(4)  Competitors.    Participation  in  this  competition  is  limited 

(A),  to  the  following  architects: -< 

(Insert  names  of  invited  oompeCitois) 

^  ,  (B)  To  such  ARCHITECTS  as  shall  have  made  application  on  or  befbcc.  .< 

(Insert  date) 

accompanied  by  evidence  of  their  education  and  experience,  satisfactory  to  ^ 
Owner  and  the  Professional  Adviser.  It  b  a^eed  that  the  names  of  >9 
those  admitted  to  the  competition  shall  be  made  public  on  or  before 


'  *  • 


(Insert  date) 
The  Owner  agrees  that  he  will  admit  no  one  as  a  Competitor  to  vhoa  k 
is  not  willing  to  award  the  commission  to  erect  the  building,  in  ry^  of  iiis  saoiti 
in  the  competition. 
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(5)  Jttry  of  Award.   The  Owner  agrees  that  there  will  be  a  Jttky  or  Award 
L)  which  win  consist  of  the  foUowing  members: 

(Insert  names  of  jury) 

r  (B)  which  will  consist  of members.    Of  these,  the  Ownee 

(Insert  number) 

»  appointed  the  following: 

aad 

(Insert  names  of  tbose  so  sdeeted) 
e  CoifPcnToss  will  select  the  remaining  members  of  the  Jury. 

NOTE.  To  insure  a  just  and  wise  awud  and  to  protect  the  interests  of  both  the 
mzR  and  the  Compbtztors,  the  drawings  should  be  submitted  to  a  Jury  chosen  to 
:uie  expert  knowledge  and  freedom  from  personal  bias.  The  Jxtry  shall  consist  of  at 
ist  three  members,  one  of  whom  must,  and  the  majority  of  wh<Mn  should,  be  practicing 
dritects,  for  example,  a  layman  and  an  axdiltect  sdeeted  by  the  Owner  or  the  Boilodio 
»ioczTTEE,  and  an  architect  selected  by  the  CoKPEinoRS.  For  work  of  gnat  inqMM^ 
Dce  it  is  desirable  to  increase  the  size  of  the  Junv,  adding  to  it  architects  and  apecislly 
alified  laymen.  Some  of  the  advantages  of  a  Jury  so  constituted  are  that  It  thoroughly 
iderstands  and  can  explain  the  intent  df  the  drawings,  and  discovers  from  them  their 
thor's  skill  In  design,  arraagement  and  eonstnxctlon.  Becaoae  of  its  expect  knowledge, 
judgment  on  the  merits  di  the  dengas  submitted  is  (rf  the  highest  rahie  to  the  Owner. 
le  adoption  of  the  recommendation  that  the  architectural  members  of  the  Jury  be  ia 
8  majority,  is  not  neoessaxily  a  cause  of  expense,  for  the  reason  that  in  order  to  insure 
t  proper  conduct  of  competitions,  many  architects  of  standing  are  willing,  if  the  occasion 
irrants,  to  serve  as  Jurors  without  payment,  other  than  actual  expenses.  It  Is  cus- 
nary  and  desirable  that  the  CoMramoRS  should  elect  one  or  more  of  the  architectural 
;mbers  of  the  Jury.  It  is  not  advisable  that  the  Professional  Adviser,  who  has 
s-wn  up  the  programme,  be  permitted  to  vote  as  a  member  of  the  Jury,  although  he 
ky  with  advantage  take  part  in  the  deliberations  of  the  Jury. 

(6)  Authority  of  Jury.  The  Owner  agrees  that  the  Jury  above  named,  or 
lected  as  above  provided,  will  have  authority  to  make  the  award  and  that  its 
dsion  in  the  matter  shall  be  final.  Moreover,  this  Jury  will  make  an  award 
one  of  those  taking  part  in  this  competition,  unless  no  design  b  submitted 
lich  fulfils  the  mandatory  requirements  of  this  programme.  The  Owker 
rther  agrees  to  employ  as  architect  for  the  work  as  more  fully  set  forth  herein^ 
:er,  the  author  of  the  design  selected  by  the  Jury  as  its  first  choice. 

MOTE.  If,  under  the  law,  authority  to  make  the  award  cannot  be  delegated  to  the 
RY,  the  following  form  should  be  substituted  for  Section  (6): 

the  OwN'ER  agrees  that  the  Jury  above  named  or  selected  as  above  provided,  will 
set  the  design  which  appears  to  it  to  be  the  most  meritorious  and  make  a  written  report 
the  O^'KER,  designating  it  by  number.  The  Owner  will  then  consider  this  design 
1  the  report  of  the  Jury  and  wiD  thereupon,  without  learning  the  identity  of  the  Com- 
riTORS,  select  as  the  winner  of  the  competition  the  author  of  the  design  selected  by 
!  Jury,  unless  in  Ms  judgment  there  be  cause  to  depart  from  such  selection,  in  which 
«  he  will,  still  without  learniiig  the  identity  of  the  Competitors,  select  one  of  the  other 
igns  submitted  in  competition.  The  Owner  further  agrees  that  he  will  pay  to  the 
:hor  of  the  design  designated  as  most  meritorious  by  the  Jury,  in  case  he  should  not 
ap(>ointed  Architect  of  the  building,  a  prize  of  $ 

(State  amount  of  prize) 

rhe  opening  of  the  envelope  containing  the  name  of  the  author  of  the  design  selected 
tbe  Owner  will  automatically  close  the  contract  between  him  and  the  Owner,  printed 
Part  III  hereof. 

Cj)  Examination  of  Deaigna  and  Award.  The  Professional  Adviser  wiU 
kcnine  the  designs  to  ascertain  whether  they  comply  with  the  mandatory  re« 
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quirements  of  the  programme,  and  will  report  to  the  Jury  any  instanoe  of  Ui 
to  comply  with  Uiese  mandatory  requirements.  The  Owner  further  agM 
that  the  Jury  will  satisfy  itself  of  the  accuracy  of  the  report  of  the  Profcssuu 
Adviser,  and  will  place  out  of  competition  and  make  no  award  to  any  dsf 
which  does  not  comply  with  these  mandatory  requirements.  The  Jm  d 
carefully  study  the  programme  and  any  modifications  thereof,  which  may  ki 
been  made  through  commimications  (see  Section  (12)),  and  will  then  coosids'J 
remaining  designs,  holding  at  least  two  sessions  on  separate  days,  and  oaoadf* 
ing  at  each  sesaon  all  the  drawings  in  competition,  and  will  make  the  ani 
and  the  classification  of  prize-winners^  if  prizes  are  given,  by  secret  ballot,  d 
by  majority  vote,  before  opening  the  envelopes  which  contain  the  names  ot  ti 
CoMPEniORS.  In  "^«1fing  the  award  the  Jury  will  thereby  affirm  that  it  bi 
made  no  effort  to  learn  the  identity  of  the  various  Competitors,  and  that  it  hi 
remained  in  ignorance  of  such  identity  until  after  the  award  was  made.  Ik 
opening  of  the  envelope  containing  the  name  of  the  author  of  the  selected  (ksi|i. 
will  automatically  close  the  contract  between  him  and  the  Ownei,  panted  n 
Part  III  hereof. 

(8)  Report  of  the  Jury.  The  Jury  will  make  a  full  report  which  inll  stite| 
its  reasons  for  the  selection  of  the  winning  design  and  its  reason  for  the  daso&a* 
tion  of  the  designs  placed  next  in  order  of  merit,  and  a  copy  of  this  rcpoit,  warn' 
panied  by  the  names  of  prize-winners,  if  prizes  are  given,  will  be  sent  bf  te 
Professional  Adviser  to  each  Competitor.  Immediately  upon  the  opani 
of  the  envelopes,  the  Professional  Adviser  will  notify  aO  CoMFEirnsi  ly 
wire,  of  the  result  of  the  competition. 

(9)  CompenMtioii  to  Competitors.  The  Owner  agrees  to  pay  to  the  v^ 
cessf ul  competitor  within  ten  days  of  the  judgment,  on  account  of  his  fee  fe^ 
services  as  architect,  one-tenth  of  his  total  estimated  fee. 

In  full  discharge  of  his  obligation  to  them  (in  case  prizes  or  fees  are  ofien& 
the  Owner  agrees: 

(A)  To  pay  the  following  prizes  to  those  ranked  by  the  Jury  next  to  thetf* 

ce^ul  design:   To  the  design  placed  second  $ ,  to  the  design  |M 

third  $ ,  to  the  design  placed  fourth  $ ,  to  the  design  phc^ 

fifth  $ etc.,  within  ten  days  of  the  judgment,  or 

(B)  To  pay  to  each  of  the  Competftors  invited  to  take  part  in  this  ooap^ 

tion,  other  than  the  successful  Competitor,  a  fee  of  $ withm  ten  dfi 

of  the  judgment. 

(10)  Exhibition  of  Drawings.  It  is  agreed  that  no  drawings  shaS  be » 
hibited  or  made  public  until  after  the  award  of  the  Jury.  There  will  be  a  pJik 
exhibition  of  all  drawings  after  the  judgment,  and  all  drawings,  except  thrt 
of  the  successful  competftor,  will  be  returned  to  their  authors  at  tbe  d« 
thereof. 

(11)  Use  of  Features  of  Unsuccessfal  Designs.  Nothing  ori^iic''' 
the  unsuccessful  designs  shall  be  used  without  consent  of,  or  corapcnatiat 
to,  the  author  of  the  design  in  which  it  appears.  In  case  the  OwNta  d:  Lis 
to  make  use  of  any  individual  feature  of  an  unsuccessful  design,  the  same  X9 
be  obtained  by  adequate  compensation  to  the  designer,  the  amooat  U  ?*^ 
compensation  to  be  determined  in  consultation  with  the  author  and  the  Po 
FESsiONAL  Adviser. 

(12)  Communications.  (Mandatory.)  If  any  Competitor  desires  sf^ 
mation  of  any  kind  whatever  in  regard  to  the  competitition,  or  theprupisaci 
he  shall  ask  for  this  information  by  anonymous  letter  addressed  to  the  Pm* 
VESSiOMAL  Adviser,  and  in  no  other  way,  and  a  copy  of  this  letter  itsd  ^ 
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answer  thereto  will  be  sent  simultaneously  to  each  CoicPETiroa,  but  no  re- 
lucst  received  after 

(Insert  date) 
nil  be  answered. 

(13)  Anonymity  of  Drawings.  (Mandatory.)  The  drawings  to  be  sub- 
nitted  shall  bear  no  name  or  mark  which  could  serve  as  a  means  of  identification, 
lor  shall  any  such  name  or  mark  appear  upon  the  wrapper  of  the  drawings,  nor 
hall  any  Competitor  directly  or  indirectly  reveal  the  identity  of  his  designs, 
>r  hold  communication  regarding  the  competition  with  the  OwNEft  or  with  any 
nember  of  the  Building  Committee  or  of  the  Juky,  or  with  the  Psovessional 
Vdviser,  except  as  provided  for  under  Communications.  It  is  understood  that 
n  subfmKting  a  de^gn,  each  Competitor  thereby  affirms  that  he  has  complied 
rith  the  foregoing  provisions  in  regard  to  anonymity  and  agrees  that  any  vio- 
ation  of  them  renders  null  and  void  this  agreement  and  any  agreement  arising 
rom  it.  With  each  set  of  drawings  must  be  enclosed  a  plain,  opaque,  sealed 
mvelope  without  any  superscription  or  mark  of  any  kind,  same  containing  the 
tame  and  address  of  the  Competitor.  These  envelopes  shall  be  opened  by  the 
^OFESSiONAL  Adviser  after  the  final  selection  has  been  made,  and  preferably 
n  the  presence  of  the  Jury. 

(14)  Doliyery  of  Drawings*  (Mandatory.)  The  drawings  submitted  in 
:hb  competition  shall  be  securely  wrapped,  addressed  to  the  Professional  Ad- 

nsER  at  

in  plain  lettering  and 

(Insert  address  for  delivery  of  drawings) 

Rrith  no  other  lettering  thereon,  and  delivered  at  this  address  not  later  than 

(Insert  date  and  hour) 
h  case  drawings  are  sent  by  express,  they  may  be  delivered  to  an  express  com« 
[mny  at  the  above  date  and  hour,  in  which  case  the  express  company's  receipt, 
^ring  date  and  hour,  shall  be  mailed  immediately  to  the  Professional  Ad-^ 
insER  as  evidence  of  delivery. 

PART  n 

.   (15)  Site.    The  site  of  the  building  is  as  follows 

(Insert  description  of  site,  and  provide  topographical  map  giving  dimensions,  grades,  etc.) 
NOTE.  The  site  should  be  carefully  described  and  a  survey  of  the  property  should  be 
attached  and  included  as  part  of  the  programme.  Conditions  pertaining  to  the  site  and 
to  neighboring  buildings  frequently  become  determining  factors  in  a  design.  Photo^ 
graphs  showing  suxrounding  buildings  and  landscape-conditions  may  with  advantage  b« 
t"r*iidpdi 

(16)  Cost.  (Mandatory.)  For  tbe  purpose  of  this  competition  the  cost  of 
the  building  shall  be  figured  at cts  per  cu  ft,  and  the  total  thereof 

(Insert  number) 

igured  on  this  basis  shall  not  exceed 

(Insert  limit  of  cost) 

(17)  Cubage.  (Mandatory.)  Cubage  shall  be  so  computed  as  to  show  as 
exactly  as  possible  the  actual  volume  of  tbe  building,  calculated  from  the  finished 
level  or  leveb  of  the  lowest  floor  to  the  highest  points  of  the  roofs,  and  contained 
within  the  outside  surfaces  of  the  walls.  Pilasters,  cornices,  balconies  and  other 
limilar  projections  shall  not  be  included.  Porticos  with  engaged  columns  and 
omilar  projections  shall  be  taken  as  solids  and  figured  to  the  outer  face  of  the 
columns.    When  columns  are  free-standing,  one-half  of  the  volume  of  the  Dorti- 
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OQftsball  be  takfiflt.^  There  shall  alao  be  ioduded  id  the  cuba(e  the  actual  voiw 
of  all  parapets,  towers,  lanterns,  dormers,  vaults,  and  other  leatures  addiBS  n 
the  bulk  of  the  building,  also  the  actual  volume  of  exterior  steps  above  gak 
Light-wells  of  an  area  of  less  than  400  sq  ft  shall  not  be  deducted.  In  cakd* 
ing  cubage,  account  shall  be  taken  of  variations  in  the  exterior  wall-surface,  a 
for  example,  the  projection  of  a  basement-story  beyond  the  general  fine  ol  tk 
bunding.  A  figured  diagram  showing  method  adopted  In  cubing  shall  accGS* 
pany  each  set  of  drawings. 

(i&)  Dr&wiac8»  (Mandatory.)  The  drawinga  aubmitted  shall  be  mifr 
accoidiiig  to  the  lollowiog  list,  at  the  scale  given,  and  rendered  as  noted;  a:^ 
DO  other  drawing?  than  these  shall  be  submitted: 

dJDflCrt  list,  scale  and  method  of  xoideriiig} 

1<7C)TE.  The  dvawfaigs  sabmxtted  sliodd  be  (he  least  nnmber  necessary  to  at  fatk 
desrfy  the  sc^ticm  of  tbe  problem,  and  the  scale  of  these  dtawinga  the  saulktf  oo» 
IMtibk  with  the  requiiement  that  the  intcntiaa  of  each  CoaVKXiToa.  be  made  dear  toa 
oai^cit  Jasar.  Whore  the  Bomber  atnd  scale  of  drswmgs  is  ledoead  to  the  miiiitnim,  ud 
aifflple  methods  of  aeaderiag  iaipoeed,  the  CmfPEXiroas  are  fnahleri  to  devote  tbdr  lisc 
and  energy  to  the  study  of  the  problem,  which  is  the  serious  business  of  a  oompediiBa, 
instead  of  upon  draughtsmanship  and  renderings  which  when  carried  beyond  a  cettai 
pcrint,  ate  of  no  value  whaterer  in  determiniag  the  fitness  of  the  ConvsnTOBS  to 
tbe  work  of  ctect&Dg  tbe  boiUiag,  lot  which  tbe  osmvctitioa  ia  bdi«  h(^ 


PARTm 

AsFMment  between  Owner  and 

Id  consideration  of  tbe  submission  of  drawinga  in  thia  ceaopetiiioiv  sad  tk 
mutual  promises  enumerated  ia.  the  suhigiiicd  Conditions  of  Conisact  is*  i 
TVESii  AacBiXBCi  AND  OwNEK  the  OwNXR  agrees,  and  each  Comfbxixok  afiea  ( 
if  the  aaaaid  be  made  in  his  favor,  immediately  to  eater  into  a  cootract  cootaia'  ' 
iairall  the- C0HDITION8  here  foUowiog,  and  until  such  cnn tract  ia  executed,  to^ 
bound  by  the  said  Conditions. 

ConditionB  of  Contract  between  Architect  and  Owner 

Duties  of  the  Arddtect 

(i)  Deaign*  The  architect  is  to  design  the  entire  building  and  its  m■^ 
diate  aumuadkiga  and  is  to  design  or  direct  the  design  of  its  censtmcmi^ 
cngistering  and  decorative  wotk  and  ita  fined  equipment  and»  if  further » 
faanec^  itsflKMrablc  f urMtuie  and  the  trratincnt  «l  the  wmaiader  of  itagioaife 

(a)  Drawings  and  Spedflcations.  The  akchitect  is  to  make  such  renaoQ 
of  Ms  coaapetitive  acheoae  aa  may  be  neoesaazy  to  coaankite  the  pcdisHBaiT 
studies;  a&d  he  ia  to  provide  drawmgs  and  spedficationa  neceasaiy  for  the  cos- 
duct  of  the  work.  All  such  instruments  of  service  are  and  renuun  the  prop- 
erty of  the  architect. 

(3)  AdmtBiatration*  The  architect  is  to  prepare  or  advise  as  to  all  fonas 
ccnnected  with  the  making  of  proposals  and  contracts,  to  issue  all  certificates 
of  payment,  to  keep  proper  accounts  and  generally  to  diacharge  tbe  neccsuy 
admioxstiative  duties  connected  with  the  work. 

(4)  Supervision.  The  architect  is  to  supervise  the  execution  of  sH  tte 
work  cnmmitted  to  his  control. 
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Dndw  qI  tk»  Owaor 

(5)  PtyniMits.  like  Owmik.  b  to  petr  tht  AfecsmcT  for  his  services  a 
im  equal  to per  cent  upon  the  cost  of  the  work. 

NOTfi.  The  peteentaet  fUBeitcd  aboold  be  in  accord  with  go<id  practice.  Th«  tknes 
id  aaioiifits  «f  pajpments  ibooLd  be  here  atated.  Good  practice  has  eitabfafaad  the 
lymetu*  on  acoeunt  aa  loUowa:  Upoa  oorapletioa  ei  the  prriiminaiy  studies  «ii»-filth 
#l«  total  ratinMrfiW  fee  leas  the  previous  payment;  upon  completion  of  coatract-dzawin^ 
A  specifications  two-fifths  additional  of  such  fee;  for  other  drawings,  for  supervision 
id  for  administration,  the  remainder  of  the  fee,  from  time  to  time,  as  the  work  progresses. 

<6)  RcimkVMilMQta*  The  Owkes  a  to  reinbufse  the  architect  from  time 
» time,  the  amount  of  expenses  necessarily  incurred  by  him  or  his  deputies 
hik  traveKag  in  tht  discharge  oi  duties  ooanocted  with  the  woik. 

(Y)  8«rvle*  of  Bngl&ecrs.    The  Owkbr  is  to  refmburse  the  abcbitect, 

le  cost  of  the  services  of  ENcnnseite  for 

Bsert  natUM  of  woik  lor  wUch  the  OwAsa  agrees  that  moMBMO  shall  be  emplojed  at 

The  selection  of  such  EMomesRS  and  their  oompensation  shall  be  subject  to 
le  approval  of  the  OwmsR. 

(8)  Information,  Clerk  of  the  Worki,  Btc.  The  Owker  fs  to  ^ve  all  in- 
»rmatbn  as  to  his  requirements;  to  pay  for  all  necessary  surveys,  borings  and 
sts,  and  for  the  continuous  services  of  a  clerk  of  the  works  whose  competencft 

approved  by  the  architect. 

PART  17 

Requirefflents  of  the  BuIIdliis 

NOTE.  For  the  same  reason  that  elaborate  dmwtags  are  undesirabtej  it  is  advkable 
acvoid  lengthy  and  detailed  instructions  as  to  the  desired  accommodations,  as  they 
•nluse  the  problem  and  hamper  the  Coicpezttoes;  and  the  Owner  loses  thereby  the 
tnefit  he  might  gain  in  aHowing  the  Co^PETnoas  freedom  to  develop  solutions  which 
ey  would  not  otherwise  be  at  liberty  to  suggest.  It  shonki  be  borne  in  mind  that  either 
e  cost  of  the  building,  as  determined  by  its  cubkal  contents,  should  be  find,  or  the 
quiraaeots  of  tbe  Owwaa  ht  regard  to  the  design,  materials  of  constructioa,  dlnitfnsioiis 
leomi,  etc,  ahould  be  fixed,  bat  not  both.  If,  on  the  one  hand,  the  cubioel  ooatents 
id  coat  is  flaed,  it  shoukl  be  stated  that  the  itquiremeftts  of  the  OwMxa  must  be  adhered 
as  ckiaely  as  poasible  by  CouTETiroas;  if,  on  the  other  hand,  the  requinments  of  the 
leNER  are  definitely  fixed,  it  may  be  stated  that  the  cubical  contents  of  each  design, 
!ule  not  limited,  will  be  taken  into  consideration  in  making  the  award,  tn  case  the 
ies*of  certain  rooms,  etc.,  are  definitely  fixed,  the  word  MANOAToaT  shotdd  be  pUured 
the  head  <A  the  paragraph  referriag  to  these  rooms. 

Here  should  follow  a  list  of  rooms  required,  together  with  dzes  and  other  data 
bich  apply  to  the  building  under  consideration. 
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THE  STANDARD  DOCUMENTS  OF  THE  AMEUGAl' 
INSTITUTE  OF  AECHITECTS* 

Introductory  Notes.  This  introductory  parasraph  is  from  an  artidet  1 
Clipston  Sturgis,  Presideat  of  The  American  Institute  of  Architects.  Toti 
years  builders  and  owners  have  commonly  used  an  a^sreement  reoogniaed 
adequate  and  imperfect,  and  one  apt  to  lead  to  serious  misunderstancfiiigs,  h 
to  legal  difficulties.  Architects  entrusted  with  important  work  and  its 
panying  responsibilities  have  endeavored  to  have  agreements  drawn  whidi 
adequately  safeguard  the  interests  involved.  When,  some  nine  yetis  aco  (i 
the  Institute  attempted  to  prepare  a  new  standard  agreement,  it  fonnd 
in  use  a  considerable  number  of  forms  prepared  by  architects,  differing  in  i 
but  agreeing  in  one  main  point.  This  one  point  was  that  the  contiact  ladl 
conditions  of  the  contract  should  be  treated  as  two  branches  of  the  su 
ment,  not  as  one  document,  nor  yet  as  two.  The  contract  was  to  be  as  I 
possible,  stating  simply  what  the  obligation  was.  The  conditions  of  the  aatnt, 
complicated  and  involved,  yet  essential  to  the  contiact,  were  of  neccsaity  a» 
paratively  lengthy.  The  most  difficult  part  of  the  work,  surveying  the  fieida^ 
breaking  out  the  way,  vras  done  by  the  Committees  on  Contracts  and  Spedica 
tions  during  the  years  1906  to  191  z,  and  resulted  in  the  first  editkn  (i^ 
STANDARD  DOCUMENTS,  published  In  1911.  At  that  time  some  thought  the  pnl 
lem  solved;  others  thought  it  but  an  important  step  forward;  which  latter  pr^ 
to  be  the  fact.  These  first  documents,  excellent  as  they  were  as  text-boob»  id 
not  suitable  for  everyday  use.  The  Institute  again  took  up  the  proUon.  Al 
time  with  the  definite  aim  to  produce  a  document  which  should  entirely  rqilui 
the  uniform  agreement  when  the  contract  for  its  publication  expired  in  Ui] 
1915.  This  has  been  done  and  the  carefully  studied  agreement  and  com 
TIONS  or  THE  CONTRACT  presented  to  the  convention  in  December,  1914.  taU 
been  further  studied  and  improved  and  are  now  (19 15)  on  the  market  Itxgefd 
use.  In  the  final  study  between  January  and  May,  19 15,  the  Institute  had  A 
advantages  of  cooperation  with  representatives  oi  many  of  the  building  tn^ 
and  the  advice  of  counsel  representing  the  Institute  and  counsel  Kprrvufll 
the  building  trades.  The  document,  like  its  predecessor,  will  now  oaoe  tadl 
test  of  actual  use.  It  will  prove  to  be  imperfect  and  revised  sectioos  vflli 
necessary,  but  it  is  believed  to  be  in  the  main  a  fsur  and  comprehensive  tf0 
ment  and  one  that  is  practical  and  fit  for  general  use.  Architects  cvay^^ 
are  urged  to  use  and  test  this  form,  and  criticism  from  owners  and  boiUeod 
be  gladly  received  and  considered.  In  addition  to  this  most  important  da 
ment  the  committee  has  prepared  and  the  Institute  has  published  a  ieem  4 
BOND,  a  LETTER  OF  ACCEPTANCE  by  a  coutractor  of  a  sub-omtractor's  Ind,  and* 
AGREEMENT  between  a  contractor  and  sub-contractor.  Many  architects  «ho  b« 
done  work  on  which  a  bond  has  been  required  have  been  surprised  at  the  cb 
with  which  the  obligations  of  the  bond  could  be  evaded.  In  most  cases^  becffi 
someone,  architect,  contractor,  or  owner,  had  invalidated  the  bond.  The  m 
form  of  bond  is  prepared  for  insuring,  as  far  as  possible,  that  the  hooding  am 
pany  shall  discharge  its  obligations  and  protect  the  owner  wlio  pays  foe  i^ 
protection.  The  letter  trom  contractor  to  sub-contractor  is  intended  t 
provide  a  simple  form  whereby  the  mutual  obligations  of  the  two  shall  be  <M 
defined.  The  agreement  between  contractor  and  sub-contraciob  vom 
pushes  the  same  purpose  in  a  somewhat  more  formal  way." 

*  Third  Edition,  copyrighted  by  The  American  Institute  of  Architects,  I9i5-x9il.« 
inserted  here  by  permission. 

t  Published  in  the  Journal  of  The  American  Institute  of  Axcfaitects.  Jane.  x9tS. 
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X^e  DeTeloimieiit  of  the  Standard  Documents.  In  the  year  18S7  The 
acrican  Institute  of  Architects,  the  Western  Association  of  Architects  and  the 
arional  Association  of  Builders,  thinking  it  desirable  to  establish  better  practice 

t.he  matter  of  building  contracts,  undertook  the  preparation  of  a  form  of  con- 
3Lct  satisfactory  to  all.  Under  the  name  of  the  uniform  contract  this  form 
lained  wide  acceptance  and  has  been  long  in  use.  About  the  year  1907,  feeling 
At,  practice  had  advanced  to  a  point  no  longer  fully  reflected  by  the  uniforh 
»>rTRACT,  the  Institute  undertook  a  general  study  of  the  subject  with  a  view 

developing  a  form  of  contract  clear  in  thought,  equitable,  applicable  to  work 

almost  all  classes,  binding  in  law  and  a  standard  of  good  practice.  The  work 
as  entrusted  to  the  Standing  Committee  on  Contracts  and  Specifications,  who 
lent  four  years  on  it,  studying  the  uniform  contract  and  forms  in  use  by  some 
tirty  well-known  architects,  and  submitted  various  drafts  for  criticism  to  the 
ia.pters  of  the  Institute  and  to  engineers,  contractors  and  architects  throughout 
le  country.  The  documents  were  prepared  under  the  advice  of  Francis  Fisher 
suae,  counsel  for  the  Institute,  and  Ernest  Eidlitz,  and  with  the  able  and  careful 
iticism  of  Professor  Samuel  Wiliiston  of  the  Harvard  Law  School,  and  with  the 
isistance  of  James  W.  Pryor,  in  their  editing.  The  Institute  gave  its  approval 
»  the  work  in  19 11.  The  Standing  Conunittee  on  Contracts  and  Specifications, 
iring  the  preparation  of  the  first  edition  of  the  standard  forms,  consisted  of 
roavenor  Atterbury,  Chairman;  Allen  B.  Pond,  Secretary;  Frank  Miles  Day, 
rilliam  A.  Boring,  Frank  C.  Baldwin,  Frank  W.  Ferguson,  Alfred  Stone  and 
.  L,.  Heins.  Criticisms  of  the  first  edition  of  the  documents  were  invited  by 
le  Institute  and  during  the  year  19 13  a  group  of  architects  and  builders  in  Bos- 
>n,  known  as  the  Joint  Committee  of  the  Boston  Society  of  Architects,  and  of 
le  Master  Builders'  Association,  gave  much  sincere  study  to  the  subject.  All 
le  same  time  the  National  Association  of  Builders'  Exchange  offered  a  detailed 
riticism  of  the  documents. 

In  1914  the  Institute  instructed  its  Standing  Conmiittee  on  Contracts  and 
pacifications  to  undertake  a  general  revision  with  a  view  to  making  the  con- 
ITIONS  simpler  in  wording  and  more  equitable.  The  committee  was  empowered 
>  hold  conferences  with  organizations  so  desiring.  Subcommittees  for  the  terri- 
9ry  of  the  several  chapters  of  the  Institute  were  appointed  and  collaborated  with 
he  standing  committee.  The  Boston  group  presented  its  ideas  in  the  form  of  an 
Dtirely  new  draft  which  proved  of  high  value  and  its  Chairman,  W.  Stanley 
'arker,  was  present  with  the  Standing  Committee  at  nearly  all  its  meetings, 
rhe  Committee  had  a  joint  meeting  with  representatives  of  the  National  Asso- 
tation  of  Builders'  Exchanges  and  thereafter  the  counsel  of  the  Association, 
V^.  B.  King,  and  the  coimsel  of  the  Institute,  Louis  Barcroft  Runk,  coUabo- 
ated  most  effectively  with  the  committee.  The  general  conditions  were 
ntirely  rewritten  and  in  response  to  the  strong  desire  of  contractors  and  subcon- 
ractors,  the  principle  of  general  arbitration,  subject  to  limitations  in  the 
bcuments,  was  adopted,  and  provisions  relative  to  the  relations  of  the  con- 
Xactor  and  his  subcontractors  were  included  in  the  documents.  After  much 
tudy,  conference  and  criticism,  a  draft  of  the  second  edition  was  issued  by 
luthority  of  the  Institute,  April  i,  191 5.  During  the  revision  of  the  documents, 
he  Standing  Committee  on  Contracts  and  Specifications  consisted  of  Frank 
liiiles  Day,  Chairman;  Allen  B.  Pond,  Sullivan  W.  Jones,  Clarence  A.  Martin, 
li^orman  M.  Isham,  Octavius  Morgan,  Thomas  Nolan,  A.  O.  Elzner,  M.  B. 
kiedaiy,  Jr.,  Jos.  Evans  Sperry,  Frank  \V.  Ferguson  and  Samuel  Stone. 

The  Construction  of  the  Standard  Documents.  An  agreement,  and 
srawings  and  specifications  are  the  necessary  parts  of  a  building  contract, 
klany  conditions  of  a  general  character  may  be  placed  at  will  in  the  agreement 
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or  in  the  SPBcmcAiiONS.    It  is,  however,  wise  to  assemble  them  ia  t 
document  and,  since  they  have  as  much  bearing  on  the  drawings  as  ( 
SPECIFICATIONS,  and  even  more  on  the  business  rehttions  of  the 
parties,  they  are  properly  called  the  general  conditions  op  the 

As  the  AGREEMENT,  GENERAL  CONDinONS,  DRAWINGS  and  SPECIFiCA3IQ9B 

the  constituent  elements  of  the  contract  and  are  acknowledged  as  such  is 
AOREEiCBNT,  they  are  correctly  termed  the  contract  documents.    Si 
made  in  any  one  of  them  are  just  as  binding  as  if  made  in  the  agreement 
Institute's  forms,  although  intended  for  use  in  actual  practice,  should  abi 
regarded  as  a  code  of  reference  representing  the  judgment  of  the  Institute  as 
what  constitutes  good  practice  and  as  such  they  may  be  drawn  upon  by  ssA- 
tects  in  improving  their  own  forms.    Although  the  forms  are  suited  for  k 
connection  with  a  single  or  general  contract,  they  are  equally  applicable  to 
operation  conducted  under  separate  contracts. 

Titles  of  the  Standard  Contract  Documents.*  The  new  standard  a 
TRACT  DOCUMENTS  of  The  American  Institute  of  Architects  are  now  on  nlet^ 
dealers  in  office  and  drafting-supplies  in  all  the  large  dties  of  the  cammfi; 
and  replace  the  old  uniform  contract.    The  following  are  the  titles  of  iSs 

STANDARD    DOCUMENTS:      A.     I.   FORM    OP    AGREEMENT    AND    A.    2.  GeBEU^ 

Conditions  op  the  Contract.  B.  Bond  op  suretyship.  C.  Fom  W 
Subcontract.  D.  I-etter  op  Acceptance  op  Subcontractor's  PK(vos.d 
A  cover  In  heavy  paper  with  valuable  explanatory  notes  is  sent  without  duipl 
with  each  com[^ete  set  of  the  documents.  These  documents  have  rcceiii 
the  full  approval  of  the  Institute,  through  its  conventions,  board  of  (finctn 
and  officers.  They  are  the  outcome  of  nine  years  of  continuous  work,  br  I 
Standing  Committee  on  Contracts  and  Specifications.  This  conmnttee.  conj 
prising  some  of  the  ablest  .\merican  architects,  was  assisted  by  the  Tnstait^i 
thirty-nine  chapters;  advised  by  eminent  legal  specialists  in  .contract  law  id 
aided  by  representatives  of  the  Building  and  Trade  .Associations  of  the  Vtkia 
States.    The  Standard  Documents  have  received  the  formal  approval  of  « 


*  Third  Edition,  copyrighted  by  the  American  Institute  of  Aicbitects. 

t  Notice  to  Architects,  Builders  and  Contractors.  Tlie  comaACX  naHS  mv^ 
obtained  singly  or  in  lots  from  tlie  local  dealers.  If  your  dealer  cannot  suppb^  9W  aoi 
your  order  and  his  name  to  The  Executive  Secretary,  A.  I.  A,  The  Octagon,  WiArtni 
D.  C.  All  orders  must  mclude  the  necessary  remittance  irrespective  of  A.  L  A.  mesdbM 
ship  and  irrespective  of  commercial  standing  of  purchaser.  The  Institute  has  *iip^ 
these  CASH  terms,  from  which  no  exception  will  be  made  to  anybody,  in  order  lo  fete 
cost  of  accountancy  and  thereby  redxice  expense  to  the  user.  Remittances  may  bt  V 
check,  money-order,  cash,  or  stamps. 

Prices  for  Single  Copies:  Agreement  and  General  Conditions  in  cover,  $ai4;  Catii 
Conditions  without  Agreement,  lo.io;  Agreement  without  Geoeral  Conditioas.  ta«. 
Bond  of  Suretyship,  $0.03;  Form  of  Subcontract,  90.03;  Letter  of  Aoceptaooe  of  §6^ 
contractor's  Proposal,  $0.02;  Cover  (heavy  paper,  with  valuable  notes),  laoc;  Ca» 
plete  set  in  cover,  $0.20.    A  Trial  set  will  be  delivered  upoa  receipt  of  ten  a<csit  staa^. 

Prices  for  Quantities  and  Discounts  to  Architects,  Bailden  and  Conliiili^ 
Orders  for  quantities  are  subject  to  the  following  discounts  (which  are  also  gives  Is  ' 
dealers): 

Five  per  cent  on  lots  of  zoo  (one  kind  or  assorted);  xo%  on  lots  of  500  (one  kiadtf 
assorted) ;  1 5  %  on  lots  of  i  000  (one  kind  or  assorted).  As  these  oocuimm  are  pnasi 
on  sheets,  8  H  by  11  ins,  and  in  large  quantities,  they  cannot  be  supplied  with  aariii* 
vidual  names  or  printing  different  from  the  standard  forms.  The  iMtitntr  docs  •>( 
wish  to  encourage  the  use  of  the  agreement  with  general  conditions  other  thao  tbitf 
endorsed  by  it,  but  on  request  will  sell  the  agreements  separate  from  the 
GENERAL  coNDmoNs  at  3  cts  each. 
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jonal  Assod&tkm  of  Btdlden'  Exchanges,  the  National  AnodatioB  of  Blaster 
tnben,  the  National  Aasodation  of  Sheet  Metal  Contractors  of  the  United 
tes.  the  National  Electrical  Contractors'  Assodadon  of  the  United  States, 
National  Association  of  Marble  Dealers,  the  Building  Granite  Qnarries 
3dat!on,  the  Building  Trades  Employers'  Association  of  the  City  of  New 
k,  and  the  Heating  and  Piping  Contractors'  National  Association. 


r.     THE    STANDARD    POEM    OP    AGESEMBHT    BETWEEN 

CONTRACTOR   AND   OWNER* 

ISSUED  BY  THE  AMERICAN  INSTITUTE  OF  ARCHITECTS  t 

UB  form  has  been  appraved  by  the  National  Asaociation  of  Boildeis'  Eachaages,  The 
onal  AiMciation  of  Master  Plumbers,  the  National  Astodation  of  Sheet  Metal 
wacton  of  the  Uatted  States,  the  National  Electrical  Contnctocs'  Association  of 
United  States,  the  National  Association  of  Marble  Dealers,  the  Building  Granite 
rries  Association,  the  Building  Trades  Employers'  Association  of  the  City  of  New 
;.,  and  the  Heating  and  Piping  Contractors'  National  Association. 

jy  EDITION,  COPYRIGHT  1915-1918,  BY  THE  AMERICAN  INSTITUTE  07  ARCHI- 
TECTS* THE  OCTAGOlf ,  WASHQICTON,  D.  C.    THIS  FORM  IS  TO  BE  USED  OKLY 
WITH    THE    STANDARD    GENERAL    CONDITIONS    OP    THE    CONTRACT 

S  AGREEMENT,  made  the. : . . .  

of in  the  year  Nineteen  Huntbed  and: ...:...: 

nd  between (Two  blank  lines)  t  • 

inafter  called  the  Contractor,  and (Two  blank  lines) 

hereinafter  caUed  the  Owner 

•NESSETH,  that  the  Contractor  and  the  Owner  for  the  considerations 
inafter  named  agree  as  follows: 

rtide  i.  The  Contractor  agrees  to  provide  all  the  nutterials  and  to  perform 
le  work  sbown  on  tlie  Drawings  and  described  in  the  Specifiottions  entitled 

ere  insert  the  caption  descriptive  of  the  work  as  used  in  the  Proposal,  General  Con- 
ks, Specifications,  and  upon  the  Drawings.) 
(Five  blank  lines) 

u-ed  by (Two  blank  lines) 

1^  as,  and  in  these  Contract  Documents  entitled  the  Architect,  and  to  do 
^tiling  required  by  the  General  Conditions  of  the  Contract,  the  Spedfica- 
;  and  the  Drawings. 

■ticle  a.  The  Contractor  agrees  that  the  work  under  this  Contract  shall 
ibstantially  completed. 

(Here  insert  the  date  or  dates  of  completion,  and  stipulations  as  to  liquidated 

damages  if  any.) 
(Eight  blank  lines) 

tide  3.  The  Owner  agrees  to  pay  the  Contractor  in  current  funds  for  the 
Txnance  of  the  Contract. 

($ )    subject 

Iditions  and  deductions  as  provided  in  the  General  Conditions  of  the  Con- 

ublisbed  by  permission  of  The  American  Institute  of  Architects. 

^r  use  when  a  stipulated  sum  forms  the  basis  of  payment. 

^tted  lines,  as  indicated,  are  in  the  standard  documents  and  are  omitted  here  to 

ipoce. 


1752  Standard  Documents  M 

tract  and  to  make  payments  on  account  thereof  as  provided  therdn,  iS  bM 

On  or  about  the day  of  each  month ^ 

per  cent  of  the  value,  proportionate  to  the  amount  of  the  Contract,  d  U| 

and  materials  incorporated  in  the  work j 

up  to  the  first  day  of  that  month  as  esbari 

by  the  Architect,  less  the  aggregate  of  previous  payments.    On  sxiiSUd 
completion  of  the  entire  work,  a  sum  sufficient  to  increase  the  total  pavsi 

to per  cent  of  the  contract  price,  and 

days  thereafter,  provided  the  work  be  fully  completed  tdi 

Contract  fully  performed,  the  balance  due  under  the  Contract. 
(Five  blank  lines) 

Article  4.  The  Contractor  and  the  Owner  agree  that  the  General  Coeditiii 
of  the  Contract,  the  Specifications  and  the  Drawings,  together  with  this  A91 
ment,  form  the  Contract,  and  that  they  are  as  fully  a  part  of  the  Contzaa* 
hereto  attached  or  herein  repeated;  and  that  the  following  is  an  exact  cooM 
tion  of  the  Specifications  and  Drawings: 
(Thirty-five  blank  lines) 

The  Contractor  and  the  Owner  for  themselves,  their  successors,  oecflo 
administrators  and  assigns,  hereby  agree  to  the  full  performance  of  the  cdvcbii 
herein  contained. 

IN  WITNESS  WHEREOF  they  have  executed  this  agreement,  the  day* 
year  first  above  written. 


A.    a.     THE  GEHERAL  CONDITIOlfS  OF  THE  COFTRACT* 

STANDARD  FORM  OF  THE  AMERICAN  INSTITUTE  Of 


ARCHITECTS 


I 


This  form  has  been  approved  by  the  National  Association  of  Builders'  Exchanf^ 
National  Association  erf  Master  Plumbers,  the  National  Associatioa  of  Sheet  m 
Contractors  of  the  United  States,  the  National  Electrical  CoiitxB;Ctors'  Assodstkarfli 
United  States,  the  National  Association  of  Marble  Dealers,  the  Buflding  GnniK  Qui 
Association,  the  Building  Trades  Employers'  Association  of  the  City  of  Nevll 
and  the  Heating  and  Piping  Contractors'  National  Association. 

THIRD  EDITION,  COPYRIGHT  1915-19x8,  BY  THE  AMERICAN  INSTITCTE  Of 

ARCHITECTS,  THE  OCTAGON,  WASHINGTON,  D.  C.  » 

1 

Index  to  the  Articles  of  the  General  Conditions  , 

T.  Definitions.                                          '  8.  Samples.                                     a 

2.  Documents.  9-  The  Architect's  Status               j 

3.  Details  and  Instructions.  la  The  Architect's  DedsicHis.         t 

4.  Copies  Furnished.  11.  Foreman,  Suporvisaon. 

5.  Shop  Drawings.  xa.  Materials,  Appliances,  Eccp^^ia' 

6.  Drawini^  on  the  Work.  13.  Inspection  of  Work. 

7.  Ownership  (rf  Drawings.    •  14.  Correction  Before  Fisal  Payaflt 

♦  Published  by  permission  of  T^c  American  Institute  of  Architects.  * 
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Deductions  Cor  Uacomcted  Work. 

Correction  After  Final  Payment. 

Protection  of  Work  and  Property. 

Emergencies. 

Contractor's  Liabillity  Insurance. 

Owner's  Liability  Inmiance. 

Fire  Insurance. 

Guaranty  Bonds. 

Cash  Allowances. 

Changes  in  the  Work. 

Claims  for  Extras. 

Applications  for  Pajmients. 

Certificates  and  Pajrments. 

Payments  Withheld. 

Liens. 

Permits  and  Regulations. 

Royalties  and  Patents. 


32.  Use  of  Premises. 

33.  Cleaning  Up. 

34.  Cutting,  Patching  and  Digging. 
35-  Delays. 

36.  Owner's  Right  to  Do  Work. 

37.  Owner's  Right  to  Terminate  Contract. 

38.  Contractor's   Right   to  Stop  Work  or 

Terminate  Contract. 

39.  Damages. 

40.  Mutual  Responsibility  of  ContractocB. 

41.  Separate  Contracts. 
43.  Assignment. 

43.  Subcontracts. 

44.  Relations  of  Contractor  and  Sttbcon- 

tractor. 

45.  Arbitration. 


irt,  X.    Principles  and  Definitions. 

a)  The  Contract  Documents  consist  of  the  Agreement,  the  General  Con- 
OQS  of  the  Contract,  the  Drawings  and  Specifications,  including  all  modi- 
tions  thereof  incorporated  in  the  documents  before  their  execution.  These 
n  the  Contract. 

b)  The  Owner,  the  Contractor  and  the  Architect  are  those  named  as  such  in 
Agrreement.    They  are  treated  throughout  the  Contract  Documents  as  if 

h  were  of  the  singular  number  and  masculine  gender. 

c)  The  term  Subcontractor,  as  employed  herein,  includes  only  those  having 
irect  contract  with  the  Contractor  and  it  includes  one  who  furnishes  material 
ked  to  a  special  design  according  to  the  plans  or  specifications  of  this  work, 

does  not  include  one  who  merely  furnishes  material  not  so  worked, 
j)  Written  notice  shaU  be  deemed  to  have  been  duly  served  if  delivered  in 
K>n  to  the  individual  or  to  a  member  of  the  firm  or  to  an  officer  of  the  corpora- 
i  for  whom  it  is  intended,  or  if  delivered  at  or  mailed  to  the  last  business 
kiess  known  to  him  who  gives  the  notice. 

i)  The  term  "work"  of  the  Contractor  or  Subcontractor  includes  Ubor'or 
Aerials  or  both. 

f)  All  time-limits  stated  in  the  Contract  Documents  are  of  the  essence  of 
contract, 
jf)  The  law  of  the  place  of  building  shall  govern  the  construction  of  this 


irt*  2.  Bxecntion,  Correlsti(m  snd  Intent  of  Documents.  The  Con- 
:t  Documents  shall  be  signed  in  duplicate  by  the  Owner  and  Contractor.  In 
i  of  failure  to  sign  the  General  Conditions,  Drawings  or  Specifications  the 
bitect  shall  identify  them.  The  Contract  Documents  are  complementary, 
.  ivhat  is  called  for  by  any  one  shall  be  as  binding-  as  if  called  for  by  all. 
i  intention  of  the  documents  is  to  include  all  labor  and  materials  reasonably 
Bssary  for  the  proper  execution  of  the  work.  It  is  not  intended, 
rever,  that  materials  or  work  not  covered  by  or  properly  inferable  from  any 
ding,  branch,  class  or  trade  of  the  specifications  shall  be  supplied  unless 
inctly  so  noted  on  the  drawings.  Materials  or  work  described  in  words 
ch  so  applied  have  a  well-known  technical  or  trade  meaning  shall  be  held 
efer  to  such  recognized  standards. 

irt.  3.  Detail  Drawings  and  Instmctions.  The  Architect  shall  furnish, 
[1  reasonable  promptness,  additional  instructions,  by  means  of  drawings  or 
erwise,  neoeasaiy  for  the  proper  execution  of  the  work.    All  such  drawings 
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and  instructions  shall  be  consistent  with  the  Contract  Documents,  true 
ments  thereof,  and  reasonably  inferable  thereform.  The  work  shall  be 
in  conformity  therewith  and  the  Contractor  shall  do  no  work  without 
drawings  and  instructions.  In  giving  such  additional  instractions,  the 
shall  have  authority  to  make  minor  changes  in  the  work,  not  invohinf  i 
oostSt  and  not  inconsistent  with  the  purposes  of  the  building.  The  Conindl 
and  the  Architect,  if  either  so  requests,  shall  jointly  prepare  a  schedule,  sdt^ 
to  change  from  time  to  time  in  accordance  with  the  progress  of  the  wti^ 
fixing  the  latest  dates  at  which  the  various  detail  drawings  will  be  reqdal 
and  the  Architect  shall  furnish  them  in  accordance  with  that  schedule.  CiM 
like  conditions,  a  schedule  shall  be  prepared,  fixing  dates  for  the 
of  shop  drawings,  for  the  beginning  of  manufacture  and  installation  of 
and  for  the  completion  of  the  various  parts  of  the  work. 

Art.  4.  Copies  Fomiflhed.  Unless  otherwise  provided  in  the  C<s6aA 
Documents  the  Architect  will  furnish  to  the  Contractor,  free  of  tharft  4 
copies  of  drawings  and  specifications  reasonaUy  necessary  for  the  esecutiGCi 
the  work. 

Art.  5.  Shop  Drawings.  The  Contractor  shall  submit,  with  such  praqf 
nets  as  to  cause  no  delay  in  his  own  work  or  in  that  of  any  other  contrKtd 
two  copies  of  all  shop  or  setting  drawings  and  schedules  required  for  tlk  id 
of  the  various  trades  and  the  Architect  shall  pass  uimn  them  with  reasoud 
promptness.  The  Contractor  shall  make  any  corrections  required  hf  d 
Architect,  file  with  him  two  corrected  copies  and  furnish  sach  copies  as  m4 
he  needed.  The  Architect's  approval  of  such  drawings  or  schedules  daB  U 
rnelieve  the  Contractor  from  rcsponsibifity  for  deviations  from  drainngsi 
f  ^pacifications,  unless  he  has  in  writing  called  the  Architect's  attention  to  sac 
.  4np^ations  at  the  time  of  submission,  nor  shall  it  relieve  him  from  respoDsibSJ 
f^r^rrors  of  any  sort  in  shop  drawings  or  schedules. 

/^rt.  6.  Drawings  afid  Specifications  on  the  Work.  The  Contnctordi 
.  kegpcone  copy  of  all  drawings  and  specifications  on  the  work,  in  good  oni 
.  av^file  to  the  Architect  and  to  his  representatives.  j 

M^'  OWMtahiyof  Dsa^iMIBafidliailela.  All  drawings^  tpedicaal 

>  «4)d  C^f^s  thereof  furnished  by  the  Architect  are  his  property.    Theyaivd 

.  tat  lKli«ii^  ^ti  Other  work  •md^  idHtii  the  ekoeption  <A  the  aignod  ooatnct-lj 

.  ar&to»>^ef  returned  to  him  on  request,  at  the  completion  of  the  wwi.  i 

aw^^agopi^  pra^city  of  iht  Ommt* 

Artr  3*<^^mples.     The  Contractor  shall  furnish  for  approval  all 
direct^jd.  .f^  work  shfitl  be  fai  strict  KoosdatMe  with  approved 

Art«^^.74r|ia.  iA!r«UtMC^  Slattts*    The  Architect  shall  have  general  «f^ 
vMoh  aa<j(0n^on  of  the  «M»<k.    Ht  is  the  agmt  of  the  Owner,  oafy  to  tk  il 
tent  prQ(v;i(ded(.^n.tbe  Comttact  t:)ocuments  and  when  in  special  iastanoeste 
authorized,  ^y  <^  Owner  so  to  act,  and  In  such  histanoes  he  shall,  apen 
Ayn  vthe  C^^tt^tor  written  auvhoHty.     He  has  authority  to  scop  the 
i^henever  suchrs^t^poge  may  be  necessary  to  insure  the  proper  execatioa  d 
Qontract.    Asifjoe  ;Arcfaitect  is,  in  the  first  instance,  the  interpreter  d 
Contradt  aad-lpie  jrfdge  of  its  performance,  he  shall  side  ndther  with  the 
nor  with  the  CpiDtvactor,  but  Aall  use  his  powers  under  the  Contrect  to 
its  faithful  pei^oTDf^i^ce  by  both.    In  case  of  the  terminatioo  Of  the     .  ^ 
ment  of  the  Arah^tect,^e  Owner  shall  appofait  a  capable  and  Nputafafe  AnUM 
whose  SUktuSTMnder^jOie^^xifltract  diaU  he  that  of  the  foTner  ArdntaCL 

Art.  fo.  tlie  AMkl«act*«  DedtloBB.    The  Arcfaltact  shdl,  trftUn  a  nod 
able  time,  tM^t^jm^p,,<ya  aU  dalttis  <tf  the  Owner  or  Contoactor  and  «e«^ 
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r  matten  telatiag  to  tbe  ezecutioti  and  propasa  oi  ths  work  of  iht  lAterpre- 
D  of  th«  Contract  Documents.  The  Architect's  dedslonsy  in  iliattefs  felating 
tistic  effect,  shaU  be  final,  if  within  the  terms  of  the  Contract  Documents. 
pt  as  above  or  as  otherwise  cayieasly  piovidsd  in  these  Genera!  Conditional 
the  specifications,  all  the  Architect's  deciiioas  are  subject  to  arbitration. 

t.  z  z.  Foramaair  Supervisioa*  The  Contractor  shaD  keei^  ah  tht  work  a 
letent  foreman  and  any  necessary  assistants,  all  satisfactory  to  the 
itect.  The  foreman  shall  not  be  changed  except  with  the  consent  of  th6 
itect,  unless  the  foreman  proves  to  bo  unsatisfactoiy  to  the  Contractor 
seases  to  be  In  his  employ.  The  foreman  shall  represent  the  Contractor 
i  absence  and  all  directions  given  to  him  shall  be  as  binding  as  if  given  to 
Contractor.  Important  directions  shall  be  confirmed  in  writing  to  the  Con- 
or. Other  directions  shaU  be  so  confirmed  on  written  request  in  each 
The  Contractor  shall  give  efficient  supervision  to  the  work,  using  his  best 
ftnd  attention.  He  shall  carefully  study  and  compare  all  drawings,  spedfi* 
as  and  other  instructions  and  shall  at  once  report  to  the  Architect  atxy  error^ 
sistcDcy,  or  omission  which  he  may  discover. 

t.  Z3.  Materials,  AppBances,  SmployeeB.  Unless  otherwise  stipulated^ 
Contractor  shall  provide  and  pay  for  all  materials,  labor,  water,  tools,  eqtdp* 
y  light  and  power  necessary  for  the  execution  of  the  work.  Unless  other-* 
specified,  aU  materials  shaO  be  new  and  both  workmanship  and  materials 
be  of  good  quality.  The  Contractor  shall,  if  required,  furnish  sadsfactory 
nee  as  to  the  kind  and  quality  of  materials.  The  Contractor  shall  not 
»j  oti  the  work  any  unfit  person  or  any  one  not  skilled  in  the  work  assigned 

t.  Z3.  fngpectiofl  of  Work*  The  Owner,  the  Architect  and  their  repre- 
ibiTes  shall  at  all  times  have  access  to  the  work  wherever  it  is  in  preparation 
^leas  and  the  Contractor  shall  provide  proper  facilities  for  such  access  and 
ESpection.  K  the  specifications,  the  Architect's  instructions,  laws,  ordi- 
9S  or  any  public  authority  require  any  work  to  be  spedally  tested  or 
»ved,  the  Contractor  shall  give  the  ArcWtect  timely  notice  of  its  readiness 
tfptctkoTii  and  if  Che  inspectioa  is  l^  another  authority  than  the  Architect, 
9  date  fiaed  for  such  in9pectk>n.  Inspections  by  the  Architect  shall  be 
pdy  made.  If  aay  such  vrork  shoald  be  covered  up  without  approval  or 
D^  of  the  Architect,  it  must,  if  required  by  the  Architect,  be  uncovered 
■amination  at  the  Contractor's  expense.  Reexamination  of  questioned 
woMy  be  cnrdfcred  by  the  Architect.  *  If  such  work  be  found  in  accordance 
thm-  cootraet,  the  Owner  shall  pay  the  cost  of  reexamination  and  replace- 
If  such  work  be  found  not  in  accordance  with  the  contract,  through  the 
oi  the  Contractor,  the  Contractor  shaU^  pay  snch  cost,  unless  be  shall  show 
the  defect  in  the  work  was  caused  by  another  contractor,  and  in  that 
the  Owner  shall  pay  such  cost. 

t.  z4.  Correction  of  Work  Before  Final  Payment.  The  Contractor 
fxomptly  remove  fsom  the  premises  aU'  materiab  coadli)nned  by  the 
tied  as  failing  to  conform  to  the  Contract,  whether  incorporated  in  the 
or  not,  and  the  Contractor  shall  promptly  replace  and  re-execute  his  own 
XKk  accordaxuse  with  the  Contract  and-  without  expense  to*  the'  OWner  and- 
K>ear  the  expense  of  making,  good  all  work  of  other  contractors  de6tiv>yed 
xnaged  by.  such  removal  or  replaceniettt.  If  the  Contractor  doed  not 
re  such  condemned  work-  and  mateiiak  within' a  reasonabttf  time;  fixed  by^ 
m.  notice,  the  Owner  may  remove  them  and  n&iy>  store  thh  material 'at 
Cpense  of  the  Contractor.    If  the  Contractor  does  not  pay  the  titpens^ 
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of  such  removal  within  five  days  thereafter,  the  Owner  may,  upon 
written  notice,  seU  such  materiab  at  auction  or  at  private  sak  ud 
account  for  the  net  proceeds  thereof,  after  deducting  all  the  cost  and 
that  should  have  been  borne  by  the  Contractor. 

Art.  15.  Deductiona   for    Uncorrected    Work.    If  the  Ardotat 
Owner  deem  it  inexpedient  to  correct  work  injured  or  not  done  in 
with  the  Contract,  the  difference  in  value  together  with  a  fair  zSkmaiai 
damage  shall  be  deducted.  ' 

Art.  16.  Correction  of  Work  After  Final  Payment.  Neither  the  fial^ 
ti&cate  nor  payment  nor  any  provision  in  the  Contract  Documents  shall  d 
the  Contractor  of  responsibility  for  negligence  or  faulty  materials  or  vol^ 
ship  and  he  shall  remedy  any  defects  due  thereto  and  pay  for  any  daaif 
other  work  resulting  therefrom,  which  shall  appear  within  a  period  of  two  f 
from  the  time  of  installation,  llie  Owner  shall  give  notice  of  obsenred  tf 
with  reasonable  promptness.  All  questions  ariang  under  this  Arttdei 
be  decided  under  Articles  10  and  45. 

Art.  17.  Protection  of  Work  and  Property.  The  Contradnr  sblf 
tinuously  maintain  adequate  protection  of  all  his  work  from  damage  ud  ^ 
protect  the  Owner's  property  from  injury  arising  in  connection  with  the  f 
tract.  He  shall  make  good  any  such  damage  or  injury,  except  such  as  mi 
directly  due  to  errors  in  the  Contract  Documents.  He  shall  adeqoatdjr  pi^ 
adjacent  property  as  provided  by  law  and  the  Contract  Documents. 

Art.  18.  Emergencies.  In  an  emergency  affecting  the  safety  of  EfieorH 
structure  or  of  adjoining  property,  not  considered  by  the  Contractor  as  «j 
the  provisions  of  Article  17,  then  the  Contractor,  without  special  iBsnams 
authorization  from  the  Architect  or  Owner,  is  hereby  permitted  to  act,  st 
discretion,  to  prevent  such  threatened  loss  or  injury  and  he  shall  so  act.  rid 
appeal,  if  so  instructed  or  authorized.  Any  compensation  claimed  to  be  # 
him  therefor  shall  he  determined  under  Articles  10  and  45  iegardkss4 
iimltations  in  Article  25  and  in  the  second  paragraph  of  Aitide  24.         1 

Art.  19.  Contractor's  Liability  Insurance.    The  Contractor  dial  i 

tain  such  insurance  as  will  protect  him  from  claims  under  workmen's  oeaf^ 
tion  acts  and  from  any  other  claims  for  damages  for  personal  injmy,  isdl 
death,  which  may  arise  from  operations  under  this  contract,  whetherl 
operations  he  by  himself  or  by  any  subcontractor]or  anyone  directly  or  i 
employed  by  either  of  them.  Certificates  of  such  insumnce  shall  he 
the  Owner,  if  he  so  require,  and  shall  be  subject  to  his  approval  for 
of  protection. 

Art.  ao.  Owner's  Liability  Insnrance.    The  Owner  shall  maistas 
insurance  as  will  protect  him  from  his  contingent  liabOity  for 
personal  injury,  including  death,  which  may  arise  from  operatioas 
Contract. 

Art.  ax.  Fire  Insnrmnce.  The  Owner  shall  effect  and  maintais  firtlj 
anoe  upon  the  entire  structure  on  which  the  work  of  this  contract  is  to  l«l 
and  upon  all  materials,  in  or  adjacent  thereto  and  intended  for  use  ddt 
to  at  least  eighty  per  cent  of  the  insurable  value  thereof.  The  loss, 
is  to  be  made  adjustable  with  and  payable  to  the  Owner  as  Trustee  far 
it  may  concern.  AU  polides  shall  be  open  to  inspection  by  the 
If  the  Owner  fails  to  show  them  on  request  or  if  he  fails  to  effect  or 
insurance  as  above,  the  Contractor  may  insure  his  own  interest  aad 
the  cost  thereof  to  the  Owner.    If  the  Contractor  is  damaged  by  failst 
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tner  to  maintain  such  insurance,  he  may  recover  under  Art.  39.  If  required 
writing  by  any  party  in  interest,  the  Owner  as  Trustee  shall,  upon  the 
urrence  of  loss,  give  bond  for  the  proper  performance  of  his  duties.  He  shall 
K>sit  any  money  received  from  insurance  in  an  account  separate  from  all  his 
er  funds  and  he  shall  distribute  it  in  accordance  with  such  agreement  as  the 
ties  in  interest  may  reach,  or  under  an  award  of  arbitrators  appointed,  one  by 
Owner,  another  by  joint  action  of  the  other  parties  in  interest,  all  other 
cedure  being  in  accordance  with  Art.  45.  If  after  loss  no  special  agreement  is 
ie,  replacement  of  injured  work  shall  be  ordered  under  Art.  24.  The  Trustee 
tl  have  power  to  adjust  and  settle  any  loss  with  the  insurers  imless  one 
Jie  contractors  interested  shall  object  in  writing  within  three  working  days 
he  occurrence  of  loss  and  thereupon  arbitrators  shall  be  chosen  as  above. 
i  Trustee  shall  in  that  case  make  settlement  with  the  insurers  in  accordance 
!i  the  directions  of  such  arbitrators,  who  shall  also,  if  distribution  by  arbitra- 
L  IS  required,  direct  such  distribution. 

xt.  22.  Guaranty  Bonds.  The  Owner  shall  have  the  right  to  require 
Contractor  to  give  bond  covering  the  faithful  performance  of  the  contract 
the  payment  of  all  obligations  arising  thereunder,  in  such  form  as  the  Owner 
r  prescribe  and  with  such  sureties  as  he  may  approve.  If  such  bond  is 
lined  by  instructions  given  previous  to  the  receipt  of  bids,  the  premium 
1  be  paid  by  the  Contractor;  if  subsequent  thereto,  it  shall  be  paid  by  the 
ler. 

ft.  23.  Ccsh  AOoWftiices.  The  Contractor  shall  include  in  the  contract 
.  all  allowances  named  in  the  Contract  Documents  and  shall  cause  the  work 
overed  to  be  done  by  such  contractors  and  for  such  sums  as  the  Architect 
r  direct,  the  contract  sum  being  adjusted  in  conformity  therewith.  The 
tractor  declares  that  the  contract  sum  includes  such  sums  for  expenses  and 
it  on  account  of  cash  allowances,  as  he  deems  proper.  No  demand  for 
;nses  or  profit  other  than  those  included  in  the  contract  sum  shall  be  allowed. 
Contractor  shall  not  be  required  to  employ  for  any  such  work  persons 
DSt  whom  he  has  a  reasonable  objection. 

rt.  24.  Changes  in  the  Work.  The  Owner,  without  invalidating  the 
ract,  may  make  changes  by  altering,  adding  to  or  deducting  from  the  work, 
contract  sum  being  adjusted  accordingly.  All  such  work  shall  be  executed 
*r  the  conditions  of  the  original  contract  except  that  any  claim  for  extension 
me  caused  thereby  shall  be  adjusted  at  the  time  of  ordering  such  change. 
ccept  as  provided  in  Articles  3,  9  and  18,  no  change  shall  be  made  unless  in 
uance  of  a  written  order  from  the  Owner  ^gned  or  coimtersigned  by  the 
litect,  or  a  written  order  from  the  Architect  stating  that  the  Owner  has 
lorized  the  change,  and  no  claim  for  an  addition  to  the  contract  sum  shall 
alid  unless  so  ordered. 

fie  value  of  any  such  change  shall  be  determined  in  one  or  more  of  the 
wing  ways: 

)  By  estimate  and  acceptance  in  a  lump  sum. 

)  By  unit  prices  named  in  the  contract  or  subsequently  agreed  upon. 

)   By  cost  and  percentage  or  by  cost  and  a  fixed  fee. 

)  If  none  of  the  above  metho<ls  is  agreed  upon,  the  Contractor,  provided 

^ceive  an  order  as  above,  shall  proceed  with  the  work,  no  appeal  to  arbitra* 

being  allowed  from  such  order  to  proceed. 

:  cases  (c)  and  (d),  the  Contractor  shall  keep  and  present  in  such  form  as 
Architect  may  direct,  a  correct  account  of  the  net  cost  of  labor  and  mate- 
,  together  with  vouchers.    In  any  case,  the  Architect  shall  certify  to  the 
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amount,  including  a  reasonable  pro6t,  due  to  the  Contractor.     PeBdoKlj 
determination  of  value,  payments  on  account  of  changes  shall  be  nak  «J 

Architect's  certificate.  ; 

Art.  35.  Claims  for  Extras.  If  the  Contractor  claims  that  any  mm 
tions,  by  drawings  or  otherwise,  involve  extra  cost  under  this  contract,  ki 
give  the  Architect  written  notice  thereof  before  proceeding  to  execute  tbeij 
and,  in  any  event,  within  two  weeks  of  receiving  such  instructioiiSk  tdi 
procedure  shall  then  be  as  provided  in  Art.  24.  No  such  clahn  shall  btM 
unless  so  made.  ^ 

Art.  26.  Applications  for  Payments.  The  Contractor  shall  subnit  til 
Architect  an  application  for  each  payment  and,  if  required,  receipts  or  d 
vouchers  showing  his  payments  for  materiab  and  labor  as  required  by  ArtidM 
If  payments  are  made  on  valuation  of  work  done,  such  applicatioo  sUl 
submitted  at  least  ten  days  before  each  payment  falls  due,  and,  if  itqo^ 
the  Contractor  shall  before  the  first  application,  submit  to  the  Ardnd 
schedule  of  values  of  the  various  parts  of  the  work,  including  quantities,  m 
gating  the  total  sum  of  the  contract,  divided  so  as  to  facilitate  pasnaeots 
subcontractors  in  accordance  with  Article  44.  (e),  made  out  in  such  foim,fl 
if  required,  supported  by  evidence  as  to  its  correctness,  as  the  Architect  ■ 
direct.  This  schedule  when  approved  by  the  Architect,  shall  be  nsed  ■ 
basis  for  certificates  of  payment,  unless  it  be  found  to  be  in  error.  In  ippM 
for  payments,  the  Contractor  shall  submit  a  statement  based  upon  this  sn 
and.  if  required,  itemized  in  such  form,  and  supported  by  such  evidcoct,  ni 
Architect  may  direct,  showing  his  right  to  the  payooent  claimed. 

Art.  37.  Certificates  and  Payments.    If  the  Contractor  has  madeini 
tion  as  above,  the  Architect  shaU,  not  later  than  the  date  when  each  ptini 
falls  due,  issue  to  the  Contractor  a  certificate  for  such  anoount  as  he  ded 
to  be  properly  due.    No  certificate  issued  nor  payment  made  to  the  CoBtnH 
nor  partial  or  entire  use  or  occupancy  of  the  work  by  the  Owner  sbaR  te 
acceptance  of  any  work  or  materials  not  in  accordance  with  this  contract  1 
making  and  acceptance  of  the  final  payment  shall  constitute  a  waiver  d| 
claims  by  the  Owner,  otherwise  than  under  Articles  16  and  29  of  these  I 
ditions  or  under  requirement  of  the  specifications,  and  of  all  dains  bf , 
Contractor,  except  those  previously  made  and  still  unsettled.    ShooU 
Owner  fail  to  pay  the  siun  named  in  any  certificate  of  the  Architect  or  la 
award  by  arbitration,  upon  demand  when  due,  the  Contractor  d&all  lecd^ 
addition  to  the  sum  named  in  the  certificate,  interest  thereon  at  the  kgili 
in  force  at  the  place  of  building.  j 

Art.  a8.  Payments  Withheld.  The  Architect  may  withheld  or,  oo  vm 
of  subsequently  discovered  evidence,  nullify  the  whole  or  a  part  of  any  ce^ 
for  payment  to  such  extent  as  may  be  necessary  to  protect  the  Ovner  lll| 
loss  on  account  of: 

(a)  Defective  work  not  remedied.  j 

(b)  Claims  filed  or  reasonable  evidence  indicating  probable  fifing  of  dflri 

(c)  FaUure  of  the  Contractor  to  make  payments  properly  to  subooatndil 
or  for  material  or  labor.  I 

(d)  A  reasonable  doubt  that  the  contract  can  be  completed  for  the  hfc^ 
then  unpaid. 

(e)  Damage  to  another  contractor  under  Article  40.  , 
When  all  the  above  grcunds  are  removed  certificates  shall  at  ooce  be  iff 

for  amoimts  withheld  because  of  them. 

Art.  2g.  Liens.    Neither  the  final  payment  nor  any  part  of  the  itt* 
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entage  shall  become  due  until  the  Contractor*  if  required,  shall  deliver  to 
>wiier  a  complete  release  of  all  liens  arising  out  of  this  contract,  or  receipts 
ill  in  lieu  thereof  and,  if  reqtdred  in  either  case,  m  affidavit  that  so  far 
B  has  knowledge  or  information  the  releases  and  receipts  include  all  the 
r  and  material  for  which  a  lien  could  be  filed;  k^ut  the  Contractor  may, 
y  subcontractor  refuses  to  furnish  a  release  or  receipt  in  full,  furnish  a 
[  satisfactory  to  the  Owner,  to  indemnify  him  against  any  claim  by  Ken  or 
rwiae.  If  any  lien  or  claim  remain  unsatisfied  after  all  payments  are 
s,  the  Contractor  shall  refund  to  the  Owner  all  moneys  that  the  latter 
be  compelled  to  pay  in  discharging  such  lien  or  claim,  including  all  costs 
a  reasonable  attorney's  fee. 

t.  30.  Permht  and  Regulationa.  The  Contractor  shall  obtain  and  pay 
n  permits  and  licenses,  but  not  permanent  easements,  and  shall  give  all 
es,  pay  aO  fees,  and  comply  with  all  laws,  ordinances,  rules  and  regulations 
ng  on  the  work,  as  drawn  and  specified.  If  the  Contractor  observes  that 
bigs  and  specifications  are  at  variance  therewith,  he  shall  promptly  notify 
irchitect  in  writing,  and  any  necessary  changes  shall  be  adjusted  under 
34.  If  the  contractor  performs  any  work  knowing  it  to  be  con- 
to  such  laws,  ordinances,  rules  and  regulations,  and  without  such  notice  to 
Tchitect,  he  shall  bear  all  costs  arising  thereform. 

t.  3X.  Royaltief  and  Patents.  The  Contractor  shall  pay  all  royalties 
ficenae  fees.  He  shall  defend  all  suits  or  claims  for  infringement 
ay  patent  rights  and  shall  save  the  Owner  harmless  from  loss  on 
Lnt  thereof,  except  that  the  Owner  shall  be  responsible  for  all  such  loss 
the  product  of  a  particular  manufacturer  or  manufacturers  is  specified; 
I  the  Contractor  has  information  that  the  article  specified  is  an  infringe- 
of  a  patent  he  shaU  be  responsible  for  such  loss  unless  he  promptly  gives 
information  to  the  Architect  or  Owner. 

t.  3a.  Use  of  Premises.  The  Contractor  shall  confine  his  apparatus, 
x>rage  of  materials  and  the  operations  of  his  workmen  to  limits  indicated 
w,  ordinances,  permits,  or  directions  of  the  Architect  and  shall  not  unreason- 
mcumber  the  premises  with  his  materials.  The  Contractor  shall  not  load 
rmit  any  part  of  the  structure  to  be  loaded  with  a  weight  that  will  endanger 
Pety.  The  Contractor  shall  enforce  the  Architect's  instructions  regarding 
advertisements,  fires  and  smoking. 

L  33.  Cleaning  Up.  The  Contractor  shall  at  all  times  keep  the  premises 
(om  accumulations  of  waste  material  or  rubbish  caused  by  his  employees 
rk  and  at  the  completion  of  the  work  he  shall  remove  all  his  rubbish  from 
bout  the  building  and  all  bis  tools,  scaffolding  and  surplus  materials,  and 
leave  his  work  "broom  clean"  or  its  equivalent,  unless  more  exactly 
led.  In  case  of  dispute  the  Owner  may  remove  the  rubbish  and  charge 
mt  to  the  several  contractors  as  the  Architect  shall  determine  to  be  just. 

U  34.  Cutting,  Patching  and  Digging.  The  Contractor  shall  do  all 
g^,  fitting,  or  patching  of  his  work  that  may  be  required  to  make  its  several 
come  together  properly  and  fit  it  to  receive  or  be  received  by  work  of  other 
urtors  shown  upon,  or  reasonably  implied  by,  the  Drawings  and  Specifica- 
for  the  completed  structure,  and  he  shall  make  good  after  them,  as  the 
:ect  may  direct.  Any  cost  caused  by  defective  or  ill-timed  work  shall  be 
by  the  party  responsible  therefor.  The  Contractor  shall  not  endanger 
ork  by  cutting,  digging,  or  otherwise  and  shall  not  cut  or  alter  the  work 
'  other  contractor,  save  with  the  consent  of  the  Architect 

.  35.  Delays.    If  the  Contractor  is  delayed  in  the  completion  of  the  work 
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by  any  act  or  neglect  of  the  Owner  or  the  Architect,  or  of  any  employee  of  4 
or  by  any  other  contractor  employed  by  the  Owner,  or  by  changes  ordered  y 
work,  or  by  strikes,  lockouts,  fire,  unusual  delay  by  common  carriers^  lisali 
able  casualties,  or  any  causes  beyond  the  Contractor's  control,  or  by  4 
authorized  by  the  Architect  pending  arbitration,  or  by  any  cause  vUdri 
Architect  shall  decide  to  justify  the  delay,  then  the  time  of  compfeoaod 
be  extended  for  such  reasonable  time  as  the  Architect  may  decide.  N'>i 
extension  shall  be  made  for  delay  occurring  more  than  seven  da>*s  bei«RA 
therefor  is  made  in  writing  to  the  Architect.  In  the  case  of  a  contioaioga 
of  delay,  only  one  claim  is  necessary.  It  no  schedule  is  made  under  Aft 
no  claim  for  delay  shall  be  allowed  on  account  of  failure  to  fundsh  drai 
until  two  weeks  after  demand  for  such  drawings  and  not  then  unlosi 
claim  be  reasonable.  This  article  does  not  exclude  the  recovery  of  daai 
for  delay  by  either  party  under  Article  39  or  other  provi^ons  in  ihe  Curt 
Documents. 

Art.  36.  Owner's  Right  to  Do  Work.  If  the  Contractor  should  b4 
to  prosecute  the  work  properly  or  fail  to  perform  any  provision  of  this  axss 
the  Owner,  after  three-days'  written  notice  to  the  Contractor,  may,  vilt 
prejudice  to  any  other  remedy  he  may  have,  make  good  such  defidesdes 
may  deduct  the  cost  thereof  from  the  payment  then  or  thereafter  dot 
Contractor;  provided,  however,  that  the  Architect  shall  approve  boths 
action  and  the  amount  charged  to  the  Contractor. 

Art.  37.  Owner's  Right  to  TenninAte  Contract.  If  the  Contractor  sh 

be  adjudged  a  bankrupt,  or  if  he  should  make  a  general  assignment  for  ihtha 
of  his  creditors,  or  if  a  receiver  should  be  appointed  on  account  of  his  idsoItci 
or  if  he  should,  except  in  cases  recited  in  Article  35,  persistently  or  repeait 
refuse  or  fail  to  supply  enough  properly  skilled  workmen  or  proper  laaterali 
if  he  should  fail  to  make  prompt  payment  to  subcontractors  or  for  nuien 
labor,  or  persistently  disregard  laws,  ordinances  or  the  instructions  of  the  M 
tect,  or  otherwise  be  guilty  of  a  substantial  violation  of  an>'  pro\ision  of  tbej 
tract,  then  the  Owner,  upon  the  certificate  of  the  Architect  that  suffidcnl  a 
exists  to  justify  such  action,  may,  without  prejudice  to  any  other  right  or  pa 
and  after  giving  the  Contractor  seven-days'  written  notice,  tenniuza 
employment  of  the  Contractor  and  take  possession  of  the  premises  aci  a 
materials,  tools  and  appliances  thereon  and  finish  the  work  by  whalo-er  at( 
he  may  deem  expedient.  In  such  case  the  Contractor  shall  not  be  entatal 
receive  any  further  payment  until  the  work  is  finished.  If  the  unpaid  bal 
of  the  contract  price  shall  exceed  the  expense  of  finishing  the  woA.  jyid 
compensation  to  the  Architect  for  his  additional  ser\ices,  such  excess  ^ 
paid  to  the  Contractor.  If  such  expense  shall  exceed  such  unpaid  bsiaszt 
Contractor  shall  pay  the  difference  to  tlie  Owner.  The  expense  incrrnf 
the  Owner  as  herein  provided,  and  the  damage  incurred  throu^  tbel 
tractor's  default,  shall  be  certified  by  the  .Architect. 

Art.  38.  Contractor's  Right  to  Stop  Work  or  Terminnte  Cosltul! 

the  work  should  be  stopped  under  an  order  of  any  court,  or  other  pi 
authority,  for  a  period  of  three  months,  through  no  act  or  fault  of  the  ( 
tractor  or  of  any  one  employed  by  him,  or  if  the  Owner  should  fail  to  p 
the  Contractor,  ^^nthin  seven  days  of  its  maturity  and  presentatioc.  aiyi 
certified  by  the  Architect  or  awarded  by  arbitrators,  then  the  Contractor! 
upon  three-days'  written  notice  to  the  Owner  and  the  .Architect,  stop  «J 
terminate  this  contract  and  recover  from  the  Owner  pa>*ment  for  all  »ttk' 
cuted  and  any  loss  sustained  upon  any  plant  or  material  and  Ttasfyaaik  i 
and  damages. 
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L  39*  Bmniaget.  If  either  party  to  this  contract  should  suffer  damage  in 
lanner  because  of  any  wrongful  act  or  neglect  of  the  other  party  or 
f  one  employed  by  him,  then  he  shall  be  reimbursed  by  the  other  party 
ich  damage.  Claims  under  this  clause  shall  be  made  in  writing  to  the 
liable  within  a  reasonable  time  of  the  first  observance  of  such  damage 
i>t  later  than  the  time  of  final  payment,  except  in  case  of  claims  under 
e  i6,  and  shall  be  adjusted  by  ^reement  or  arbitration. 

.  40.  Mutual  Reaponstbility  of  Contractors.  Should  the  Contractor 
daxnage  to  any  other  contractor  on  the  work,  the  Contractor  agrees,  upon 
iotice,  to  settle  with  such  person  by  agreement   or   arbitration,    if   he 

0  settle.  If  such  other  contractor  sues  the  Owner  on  account  of 
[amage  alleged  to  have  been  so  sustained,  the  Owner  shall  notify  the 
actor,  who  shall  defend  such  proceedings  at  the  O^'ner's  expense  and, 

judgment  against  the  Owner  arise  therefrom,  the  Contractor  shall  pay 
i^y  it  and  pay  all  costs  incurred  by  the  Owner. 

t.  4Z.  Separate  Contracts.  The  Owner  reserves  the  right  to  let  other 
lets  in  connection  with  this  work.  The  Contractor  shall  afford  other  con- 
tra reasonable  opportunity  for  the  introduction  and  storage  of  their  mate- 
ind  the  execution  of  their  work  and  shall  ix'(^)erly  connect  and  coordinate 
>rk  with  theirs.  If  any  part  of  the  Contractor's  work  depends  for  proper 
lion  or  results  upon  the  work  of  any  other  contractor,  the  Contractor  shall 
:t  and  promptly  report  to  the  Architect  any  defects  in  such  work  that 
r  it  unsuitable  for  such  proper  execution  and  results.  His  failure  so  to 
:t  and  report  shall  constitute  an  acceptance  of  the  other  contractor's  work 
and  proper  for  the  reception  of  his  work,  except  as  to  defects  which  may 
>p  in  the  other  contractor's  work  after  the  execution  of  his  work.  To 
» the  proper  execution  of  his  subsequent  wotk  the  Contractor  shall  measure 
already  in  place  and  shall  at  once  report  to  the  Architect  any  discrepancy 
en  the  executed  work  and  the  drawings. 

;•  43.  Assignment.  Neither  party  to  the  Contract  shall  assign  the  con- 
without  the  written  consent  of  the  other,  nor  shall  the  Contractor  assign 
Aoneys  due  or  to  become  due  to  him  hereunder,  without  the  previous 
n  consent  of  the  Owner. 

:.  43.  Snbcontracts.  The  Contractor  shall,  as  soon  as  practicable  after 
gning  of  the  contract,  notify  the  Architect  in  writing  of  the  names  of 
ntractors  proposed  for  the  principal  parts  of  the  work  and  for  such  others 
5  Architect  may  direct  and  shall  not  employ  any  that  the  Architect  may 

1  a  reasonable  time  object  to  as  incompetent  or  unfit.  If  the  Contractor 
ibmitted,  before  signing  the  contract,  a  list  of  subcontractors  and  the 
t  of  any  name  on  such  list  is  required  or  permitted  after  signature  of 
nent,  the  contract  price  shall  be  increased  or  diminished  by  the  difference 
en  the  two  bids.  The  Architect  shall,  on  request,  furnish  to  any  subcon- 
r,  wherever  practicable,  evidence  of  the  amounts  certified  to  on  his 
St.  The  Contractor  agrees  that  he  is  as  fully  responsible  to  the  Owner 
t  acts  or  omissions  of  his  subcontractors  and  of  persons  either  directly  or 
ctly  employed  by  them,  as  he  is  for  the  acts  and  omissions  of  persons  di- 
employed  by  him.  Nothing  contained  in  the  Contract  Documents  shall 
any  contractual  relation  between  any  subcontractor  and  the  Owner. 

;.  44.  Relations  of  Contractor  and  Subcontractor.  The  Contractor 
i  to  bind  every  subcontractor  and  every  subcontractor  agrees  to  be  bound, 
t  terms  of  the  General  Conditions,  Drawings  and  Specifications,  as  far  as 
able  to  his  work,  including  the  folIoT\'ing  provisions  of  this  Article,  imless 
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spedlkally  noted  to  the  contrary  in  a  subcontract  apfvoved  in  wckiJ 
adequate  by  the  Owner  or  Architect.  This  does  not  apply  to  Baaer| 
contracts. 

The  Subcontractor  agrees:  J 

(a)  To  be  bound  to  the  Contractor  by  the  terms  of  the  General  OmM 
Drawings  and  Specifications  and  to  assui^e  toward  him  all  the  obUgatn[| 
responsibilities  that  he,  by  those  documents,  assumes  toward  the  Owner. 

(b)  To  submit  to  the  Contractor  applications  for  payment  in  such  rcaa 
time  as  to  enable  the  Contractor  to  apply  for  i>ayment  under  Artide  :6  i 
General  Conditions. 

(c)  To  make  all  claims  for  extras,  for  extensions  of  time  and  for  dasufq 
delays  or  otherwise,  to  the  Contractor  in  the  manner  provided  in  the  G^ 
Conditions  for  like  claims  by  the  Contractor  upon  the  Owner,  except  iM 
time  for  making  claims  for  extra  cost  as  under  Article  25  of  the  Geooal  01 
tions  is  one  week. 

The  Contractor  agrees: 

(d)  To  be  bound  to  the  Subcontractor  by  all  the  obligations  that  tlieOi 
assumes  to  the  Contractor  under  the  General  Conditions,  Drawings  mad  Sp( 
cations  and  by  all  the  provisions  thereof  affording  remedies  and  redres  c 
ContfactcM*  from  the  Owner. 

(e)  To  pay  the  Subcontractor,  upon  the  issuance  of  certificates,  if  isnedfl 
the  schedide  c^  values  described  in  Article  26  of  the  General  CcoStiam, 
amount  allowed  to  the  Contractor  on  account  of  the  Subamtractor's  voJ 
the  extent  of  the  Subcontractor's  interest  therein. 

(f)  To  pay  the  Subcontractor,  upon  the  issuance  of  certificates,  if  isnedn 
wise  than  as  in  (e),  so  that  at  all  times  his  total  payments  shall  be  as  bq 
proportion  to  the  value  of  the  work  done  by  him  as  the  total  amount  cstii; 
the  Contractor  is  to  the  value  of  the  work  done  by  him. 

(g)  To  pay  the  Subcontractor  to  such  extent  as  may  be  provided  bf 
Contract  Documents  or  the  subcontract,  if  either  of  these  provides  for  m 
or  larger  payments  than  the  above. 

(h)  To  pay  the  Subcontractor  on  demand  for  his  work  or  materials  is  ii 
executed  and  fixed  in  place,  less  the  retained  percentage,  at  the  time  the  (A 
cate  should  issue,  even  though  the  Architect  fails  to  issue  it  for  any  am 
the  fault  of  the  Subcontractor. 

(j)  To  pay  the  Subcontractor  a  just  share  of  any  fire-insurance  monqrn^ 
by  him,  the  Contractor,  under  Article  21  of  the  General  Conditiixis. 

(k)  To  make  no  demand  for  liquidated  damages  or  penalty  for  dday  k^ 
simi  in  excess  of  such  amount  as  may  be  specifically  named  in  the  sabcadi 

(1)  That  no  claim  for  services  rendered  or  materials  fumi^ied  b)*  the  ( 
tractor  to  the  Subcontractor  shall  be  valid  unless  written  notice  thefcofisi 
by  the  Contractor  to  the  Subcontractor  during  the  first  ten  days  of  the  calfl 
month  following  that  in  which  the  claim  originated. 

(m)  To  give  the  Subcontractor  an  opportunity  to  be  present  and  to  f4 
evidence  in  any  arbitration  involving  his  rights. 

(n)  To  name  as  arbitrator  under  Article  45  of  the  General  CooditioBi 
person  nominated  by  the  Subcontractor,  if  the  sole  cause  of  dispute  is  tl)e« 
materials,  rights,  or  responsibilities  of  the  Subcontractor;  or»  if  of  ^  j 
contractor  and  any  other  subcontractor  jointly,  to  name  as  sudi  axUtntot 
person  upon  whom  they  agree. 

The  Contractor  and  the  Subcontractor  agree  that: 

(o)  In  the  matter  of  arbitration,  their  rights  and  obligations  and  all  proca 
Miall  be  analogous  to  those  set  forth  in  Article  45  of  the  General  Cooditka 
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Nfothing  ia  this  Article  shall  create  any  obligation  on  the  part  of  the  Owner 
pay  to  or  to  see  to  the  payment  of  any  sums  to  any  Subcontractor. 

krt.  45.  Arbitration.  Subject  to  the  provisions  of  Article  10,  all  questions 
dispute  under  this  contract  shall  be  submitted  to  arbitration  at  the  choice 
rither  party  to  the  dispute.  The  Contractor  agrees  to  push  the  work  vigor- 
tly  during  arbitration  proceedings.  The  demand  for  arbitration  shall  be 
d  in  writing  with  the  Architect,  in  the  case  of  an  appeal  from  his  decision^ 
.hin  ten  days  of  its  receipt  and  in  any  other  case  within  a  reasonable  time 
er  cause  thereof  and  in  no  case  later  than  the  time  of  final  payment,  except 
to  questions  arising  under  Article  16.  If  the  Architect  fails  to  make  a 
asion  within  a  reasonable  time,  an  appeal  to  arbitration  may  be  taken  as 
us  decision  had  been  rendered  against  the  party  appealing-  No  one  shall 
noaiinated  or  act  as  an  arbitrator  who  b  any  way  financially  interested 
this  contract  or  in  the  business  affairs  of  either  the  Owner,  Contractor  or 
Jiitect.  The  general  procedure  shall  conform  to  the  laws  of  the  State  in 
Ich  the  work  is  to  be  erected.  Unless  otherwise  provided  by  such  laws, 
parties  may  agree  upon  one  arbitrator;  otherwise  there  shall  be  three, 
r  named,  in  writing,  by  each  party  to  this  contract,  to  the  other  party  and 
the  Architect,  and  the  third  chosen  by  these  two  arbitrators,  or  if  they  fail 
lelect  a  third  within  ten  days,  then  he  shall  be  chosen  by  the  presiding  officer 
:he  Bar  Association  nearest  to  the  location  of  the  work.  Should  the  party 
landing  arbitration  fall  to  name  an  arbitrator  within  ten  days  of  his  demand 
right  to  arbitration  shall  lapse.  Should  the  other  party  fail  to  choose  an 
itrator  within  said  ten  days,  then  such  presiding  officer  shall  appoint  such 
itrator.  Should  either  party  refuse  or  neglect  to  supply  the  arbitrators  with 
f  pap»ers  or  information  demanded  in  writing,  the  arbitrators  are  empowered 
both  iMirties  to  proceed  ex  parte.  The  arbitrators  shall  act  with  promptness, 
here  be  one  arbitrator  his  decision  shall  be  binding;  if  three  the  decision 
iny  two  shall  be  binding.  Such  decision  shall  De  a  condition  precedent  to 
'  right  of  legal  action,  and  wherever  permitted  by  law  it  may  be  filed  in 
irt  to  carry  it  into  effect.  The  arbitrators,  if  they  deem  that  the  case 
lands  it,  are  authorized  to  award  to  the  party  whose  contention  is  sustained 
b  sums  as  they  shall  deem  proper  for  the  time,  expense  and  trouble  incident 
he  appeal  and,  if  the  appeal  was  taken  without  reasonable  cause,  damages 
delay.  The  arbitrators  shall  fix  their  own  compensation,  unless  otherwise 
irided  by  agreement,  and  shall  assess  the  costs  and  charges  of  the  arbitration 
n  either  or  both  parties.  The  award  of  the  arbitrators  must  be  in  writing, 
,  if  in  writing,  it  shall  not  be  open  to  objection  on  account  of  the  form  of 
proceedings  or  the  award,  unless  otherwise  provided  by  the  laws  of  the 
te  in  which  the  work  is  to  be  erected.  In  the  event  of  such  laws  pro\nding 
my  matter  covered  by  this  article  otherwise  than  as  hereinbefore  specified, 
method  of  procedure  throughout  and  the  legal  effect  of  the  award  ^all 
IrhoIIy  in  accordance  with  the  said  State  laws,  it  being  intended  hereby  to 
down  a  principle  of  action  to  be  followed,  leaving  its  local  application  to  be 
pted  to  the  legal  requirements  of  the  place  in  which  the  work  is  to  be  erected. 

B.  THE  STANDARD  FORM  OF  BOKD  « 

USE    IN  CONNECTION  WITH  THE  THIRD  EDITION  OF  THE  STANDARD   FORM  OF 
AGREEMENT  AND  GENERAL  CONDITIONS  OF  THE  CONTRACT 

Ilis  form  has  b«en  approved  by  the  National  Association  of  Builders'  Exchanges,  The 
j^yff^rI   Association  of  Master  Plumbers,  the  National  Association  of  Sheet  Metal 

*  Published  by  permission  of  The  American  Institute  of  Architects. 
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Contractors  of  the  United  States,  the  National  Electrical  Contncton'  Atworfatfinti 
the  United  States,  the  National  Association  of  Marble  Deders,  the  BttfldiBg  Gari 
Quarries  Associatbn,  the  Building  Trades  Employers'  Associalicxi  of  the  Cii7  d  W 
York,  and  the  Heating  and  Piping  Contractors'  National  Association. 

COPYSIGHT  19 1 5  BY  THE  AMERICAN  iNSTTrUTE  OP  ASCRTIECTS,  IHE  OCUCQ 

W/SHINGTON,  D.  C 

KNOW  ALL  MEN:  That  we 

(Here  insert  the  name  and  address  or  legal  title  of  the  Cootxactor.) 

(Two  bUnk  lines)* 

hereinafter  called  the  Principal,  and 

^^Here  insert  the  name  and  address  or  legal  title  of  one  or  more  sureties.) 

(Two  blank  lines) n 

(Two  bhmk  lines) u 

hereinafter  called  the  Surety  or  Sureties,  are  held  and  firmly  bound  unto.  .. 
(Here  insert  the  name  and  address  or  legal  title  of  the  Owner.) 

(Two  blank  lines) 

hereinafter  called  the  Owner,  in  the  sum  of 

(Two  hbnk  lines) ($ 

for  the  payment  whereof  of  the  Principal  and  the  Sur^y  or  Sureties  bind  tha 
selves,  their  heirs,  executors,  admini.strators,  successors  and  assigns  jointh  c 
severally,  firmly,  by  these  presents. 

Whereas,  the  Principal  has,  by  means  of  a  written  Agreement^  dated 

entered  into  a  contract  with  the  Ovner  t 

(Two  blank  lines) 

a  copy  of  which  Agreement  is  by  reference  made  a  part  hereof: 

How,  Therefore,  the  Condition  of  this  Obligation  is  such  that  if  the  ?md$ 
shall  faithfully  perform  the  Contract  on  his  part,  and  satisfy  all  danas  x 
demands,  incurred  for  the  same,  and  shall  fully  indemnify  and  save  harmksl) 
Owner  from  all  cost  and  damage  which  he  may  suffer  by  reason  of  failure  »i 
do,  and  shall  fuUy  reimburse  and  repay  the  Owner  all  outlay  and  eacpense  vli 
the  Owner  may  incur  in  making  good  any  such  default,  and  shall  pay  afl  |l 
sons  who  have  contracts  directly  with  the  Principal  for  labor  or  materiaK  tk 
this  obligation  shall  be  null  and  void;  otherwise  it  shall  remain  in  full  &■ 
and  effect. 

Provided,  however,  that  no  suit,  action  or  proceeding  by  reason  of  any  6cia 

whatever  shall  be  brought  on  this  bond  after mooihs  lb«i 

the  day  on  which  the  final  pa>'mcnt  under  the  Contract  falls  due. 

And  Provided,  that  any  alterations  which  may  be  made  in  the  terms  of  li 
Contract,  or  in  the  work  to  be  done  under  it,  or  the  giving  by  the  Owner  d  a 
extension  of  time  for  the  performance  of  the  Contract,  or  any  other  forfacmfl 
on  the  part  of  either  the  Owner  or  the  Principal  to  the  other  shall  not  in  say  « 
release  the  Principal  and  the  Surety  or  Sureties,  or  either  <Mr  any  of  tbeai,  th 
heirs,  executors,  administrators,  successors,  or  assigns  from  their  liabilit}  ha 
under,  notice  to  the  Surety  or  Sureties  of  any  such  alteration,  extensioB,  or  It 
bearance  being  hereby  waived. 

Signed  and  Sealed  this day  of 4 

In  Presence  of 

^ 


(Repeated  three  times) 


.ai 

'  as  to  (Repeated  three  times) 


*  Dotted  lines,  as  indicated,  are  in  the  standard  documents  and  are  omktcd  hor 
•ve  space. 
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THE  STANDARD  FORM  OF  AGREEMENT   BETWEEN  CON- 
TRACTOR AND  SUBCONTRACTOR  * 

t    USE  IN  CONNECTION  WITH  THE  THIRD  EDITION  OF  THE  STANDARD  FORM  OF 
AGREEMENT  AND  GENERAL  CONDITIONS  OF  THE  CONTRACT 

"his  form  has  been  approved  by  the  National  Associatioo  of  Builders'  Exchanges,  The 
ional  Association  of  Master  Slumbers,  the  National  Association  of  Sheet  Metal 
itractors  of  the  United  States,  the  National  Electrical  Contractors'  Association  of 
United  States,  the  National  Association  of  Marble  Dealers,  the  Building  Granite 
irries  Association,  the  Building  Trades  Employers'  Association  of  the  City  of  New 
k,  and  the  Heating  and  Piping  Contractors'  National  Association. 

COPYRIGHT  1915  BY  THE  AMERICAN  INSTITUTE  OF  ARCHITECTS,  THE 

OCTAGON,  WASHINGTON,  D.  C 

lHIS  AGREEMENT,  made  this day  of 19. . 

and  between her:iinafter  called 

Subcontractor  and 

einafter  called  the  Contractor. 

TNESSETH,    That  the  Subcontractor  and  Contractor  for  the  considcra- 

is  bcreinafter  named  agree  as  follows: 

(•ction  I.    The  Subcontractor  agrees  to  furnish  all  material  and  perform  all 

•k  as  described  in  Section  2  hereof  for (Here  name  the  kind  of  building) 

(Blank  Unes) 

(Here  insert  the  name  of  the  Owner) 

(Blank  lines) 

einafter  called  the  Owner,  at (Here  insert  the  location  of  the  work.) 

(Blank  lines) 

accordance  with  the  General  Conditions  of  the  Contract  between  the  Owner 
[  the  Contractor,  and  in  accordance  with  the  Drawings  and  the  Specifications 

pared  by hereinafter  called  the  Architect,  all  of 

ch  General  Conditions,  Drawings  and  Specifications  signed  by  the  parties 
reto  or  identified  by  the  Architect,  form  a  part  of  a  Contract  between  the 

itractor  and  the  Owner  dated 19 . .   and  hereby  become  a 

t  of  this  Contract. 

lection  2.  The  Subcontractor  and  the  Contractor  agree  that  the  materials 
je  furnished  and  work  to  be  done  by  the  Subcontractor  are  (Here  insert  a 
;ise  description  of  the  work,  preferably  by  iieference  to  the  numbers  of  the  Drawings 

the  pages  of  the  Specifications.) 

(Blank  lines) 

Section  3.    The  Subcontractor  agrees  to  complete  the  several  portions  and 

whole  of  the  work  herein  .sublet  by  the  time  or  times  following: 

.  (Here  insert  the  dates  or  date  and  if  there  be  liquidated  damages  state  them.). . . . 
(Blank  lines) 

lection  4.    The  Contractor  agrees  to  pay  the  Subcontractor  for  the  perform- 

?e  of  his  work  the  sum  of    (Blank  line) (I ) 

current  funds,  subject  to  additions  and  deductions  for  changes  as  may  be 
eed  upmn,  and  to  make  payments  on  account  thereof  in  accordance  with 
lion   5  hereof. 

Section  5.  The  Contractor  and  Subcontractor  agree  to  be  bound  by  the 
ms  of  the  General  Conditions,  Drawings  and  Specifications  as  far  as  applicable 
this  subcontract,  and  also  by  the  following  provisions:! 

'  Published  by  permission  of  The  American  Institute  of  Architects. 

\  Article  44  of  the  C>eneral  Conditions  of  the  Contract  is  here  repeated  in  full  with  the 

jeptkon  of  references  to  other  articles.    See  page  1761. 
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(One  pose  of  blank  lines) 


Finally.    The  Subcontractor  and  Contractor,  for  themselves,  thdr 
successors,  executors,  administrators  and  assigns,  do  hereby  a^ree  to  \ht 
performance  of  the  covenants  herein  contained. 

IN  WITNESS  )\TIEREOF  tliey  have  hereunto  set  their  hands  the  daj  J 
date  first  above  written.  i 

In  Presence  of  i 


>««vMiraJ 


C^tUrmM 


D.  STANDARD  FORM  OF  ACCEPTAlf CE  OF  STJBCONTRACTOr 

PROPOSAL  • 


FOR  USE  IN  CONNECTION  WITH  THE  THIRD  EDITION  OF  THE  STANDARD  fOCl 
AGREEMENT  AND  GENERAL  CONDITIONS  OF  THE  CONTRACT 


{ 


This  form  has  been  approved  by  the  National  Association  of  BuSders* 
National  Association  of  Master  Plumbers,  the  National  AaaociatioB  of  Sheet  Uet 
CoDtracUNTB  of  the  United  States,  the  Natbnal  FJectrical  Contractors'  Asacd»x^  i 
the  United  States,  the  National  Association  of  Marble  Dealers,  the  Bmldxnf;  Gnsi 
Quarries  Association,  the  Building  Trades  Employers'  Association  of  the  Gty  c^  X^ 
York,  and  the  Heating  and  Piping  Contractors'  National  Associatkni. 


J 


COPYRIGHT  191 S  BV  THE  AMERICAN  INSTITUTE  OF  ARCHTTECTS,  THE 

OCTAGON,   WASHINGTON,  D.  C. 

Dear  Sir:  Having  entered  into  a  contract  with  (Here  inaert  the  name  and 

dress  or  corporate  title  of  the  Owner.  ^ 

(Blank  Une) - 

for  the  erection  of  (Here  insert  the  kind  oC  work  and  the  place  at  lAicIt  it  a  t»t 

erected.) 

(Blank  Une) 

in  accordance  with  plans  and  specifications  prei>ared  by  (Hcie  insert  tk  am 

and  address  of  the  Architect) 

(Blank  line) J 

and  in  accordance  with  the  Ckneral  Conditions  of  the  Contract  prefixed  to  A 
specifications,  the  undersigned  hereby  accepts  your  proposal  of  {Here  insert  M 


to  provide  all  the  materials  and  do  all  the  work  of  (Hen  insert  the  kiad  «f  vi^ 
to  be  done,  as  plumbing,  roofing,  etc.,  accniately  deacribnig  by  number,  pace,  c^^ 

drawings  and  specifications  governing  such  work.) 

(Blank  lines) 

The  Undersigned  agrees  to  pay  you  in  current  funds  £or  the  faithful  pcrMl 
ance  of  the  subcontract  established  by  this  acceptance  of  your  proposal  tbtm 

of ($ 

Our  relations  in  respect  of  this  subcontract  are  to  be  governed  by  tfar  ]ihl 
and  qsedfications  named  above,  by  the  (general  Conditions  of  the  Coatract  I 
far  as  applicable  to  the  work  thus  sublet  and  espedaUy  by  Article  44  of  tkat 
conditions  printed  on  the  reverse  hereof,  t 

Very  truly  yoms, 

•Published  by  permission  of  The  American  Institute  of  Architects. 
♦  Article  44  of  the  (General  Conditions  of  the  Contract  is  printed  in  full  00  tlie  if* 
«de  of  the  Institute's  standard  form.     Sec  page  1761. 
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lie  Subcontractor  entering  into  this  agreement  should  be  sure  that  not 
rdy  the  above  Article  44,  but  the  full  text  of  the  General  Conditions  of  the 
itract  as  signed  by  the  Owner  and  Contractor  is  known  to  him,  since  such 
text,  tfaou^  not  herein  repeated,  is  binding  on  him. 


FFICIAL  INSTITUTE  DOCUMENTS  OF  A  PERMA- 
NENT NATUBE  PUBLISHED   (1M3)    BT  THE 
AMERICAN  INSTITUTE  OF  ARCHITECTS. 
TITLES  AND  PRICES 

e  Joatiul  of  the  American  Institute  o£  Arcfaitects,  monthly,  50  cts; 

yearly,  to  A.  I.  A.  members $2. 50 

Yearly,  to  non-Institute  members 5 .00 

mograph  on  the  Octagon  (Thirty  Drawings,  13  X  x8,  Photos  and  Text  12 .  50 
e  Standard  Contract  Documents: 

A^eement  and  General  Conditions  ia  Coivar . .  < 20 

General  Conditions  without  Agreement 14 

A^eement  without  General  Conditiona .05 

Bond  of  Suretyship .* ♦ .       .05 

Form  of  Subcontract 04 

Letter  of  Acceptance  of  Subcontractor's  Proposal 03 

Cover  (heavy  paper,  with  valuable  notes) ox 

Complete  set  in  Cover 30 

-m  of  Agreement,  Owner  and  Architect  (Percentage  Basis) , .      .05 

cular  of  Information  on  the  Fee-Plus-Cost  System  of  Charges 03 

(Explains  Owner- Architect  Agreement,  Fee-Plua-Cost  Basis) 

■m  of  -\greement.  Owner  and  Architect  (Fee-Plus-C^st  Basis) 05 

in  of  Agreement,  Owner  and  Contractor  (Cost-Plus-Fee  Basis) xo 

cular  of  Information  Relative  to  Cost-Plus-Fee  System  of  Contracting      .06 

(Explanatory  of  Contractor-Owner  Agreement) 
Circular  of  Advice  and  Information  Relative  to  the  Conduct  of  Archi- 
tectural Competitions ,^ Free 

ndard  Form  of  Competition-Programme 10. 

ceedings  of  the  Convention Free 

luary  to  Institute  Members Free 

ical  Documents  of  the  Institute Free 

cular  on  Functions  of  the  Architect 03 

::ular  of  Information  Concerning  Requirements  for  Institute  Member- 
ship        Free 

:iJar  of  Information  Concerning  Requirements  for  Chapter  Associate- 
ship Free 

LStitutlon  and  By-laws Free 

ddard  Form  of  Chapter  Constitution  and  By-laws Free 

ircular  of  Advice  Relative  to  Principles  of  Professional  Practice.    The 

Canon  of  Ethics Free 

edule  of  Proper  Minimum  Charges o» 

:ular  Relative  to  the  Size  and  Character  of  Advertising  Matter Free 

adard  Symbols  for  Wiring  Plans Free 

sdard   Construction  Classification,  Filing  System   for  Architects' 

Offices , Free 
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Model  Registration  Law 

List  of  Institute  Documents. 


For  the  convenience  of  the  members  of  the  Institute,  and  the  pnie 
generally,  who  use  in  their  practice,  by  reference  or  otherwise,  the 
official  documents  of  the  American  Institute  of  Architects,  the  above 
of  Titles  and  Prices  is  issued.    On  single  copies  of  pamphlet-documents 
will  be  prepaid,  othuwise  not.    The  prices  quoted  in  practically  evor 
are  to  cover  the  actual  cost  of  printing  and  handling.    The  Institute  faaii 
desire  to  make  a  profit  on  documents  issued  primarily  for  the  beoefit  d  I 
profession.    For  distinctly  educational  work,  and  for  Chapter-woik,  no 
will  be  made  for  small  quantities  of  documents,  except  for  postage, 
of  this  kind  should  come  through  the  Chapter-Secretary  or  a  ComsOA 
Chairman.     Communications  and  remittances  should  be  sent  to  the  Esecsa 
Secretary,  The  Octagon  House,  Washington,  D.  C.    AU  orders  are  fiOedt 
the  day  received. 

REGULATION   OF  THE  PBACTICE   OF  ABCHm^ 
TURE  BY   STATE  LEGISLATION*  \ 

States  Having  Registration  Laws  (1923)-  Twenty-three  ha\'eiesi<j 
tion  or  license  laws  (1923)  for  the  practice  of  architecture:  California,  Cobnl 
Florida^  Georgia,  Idaho,  Illinois,  Louisiana,  Michigan,  Minnesota,  Montana.  !^ 
Jersey » New  York,  North  Carolina,  North  Dakota,  Oregon,  Pcnnsyivua.  ^ 
Carolina*  Tennessee,  Utah,  Virginia,  Washington,  West  Virginia,  and  Wisoeid 

Laws  are  pending  (1923)  in  Indiana,  Iowa,  Kansas,  and  other  states.       j 

Theory  of  Registration  Laws.  The  reason  for  the  REGUiATioff  o?  akI 
TECTURAL  PRACTICE  BY  LAW  is  the  fact  that  men  improperiy  quaE&id| 
practice  can  otherwise,  at  will,  assume  the  title  of  architect  and  impose  ■ 
the  public,  thereby  discrediting  the  profession.  In  some  States  and  in  Ctm 
it  seems  evident  that  legislation  was  enacted  for  protection  of  local  arcfaU 
against  encroachment  on  the  part  of  non-resident  architects.  Such  a  oHi 
is  unworthy  of  the  profession,  whose  efforts  through  legislation  shoiiki  Ift 
encourage  design  of  higher  artistic  quality  and  to  insure  safe  constncil 
Some  laws,  like  the  first  one  formidated  (Illinois  1897),  are  license  laws  att 
they  tax  every  architect.  Other  laws,  that  in  New  York,  for  exaropk.  d| 
REGISTRATION  LAWS,  Undertake  to  issue  certificates  only  to  those  quaiaell 
practice.  Registration  laws  should  not  in  a  retroactive  way  attempt  to  ief^ 
those  of  their  right  who,  by  virtue  of  having  been  in  bona-fide  practioe  4 
the  law  was  enacted,  have  the  legal  right  to  continue  in  such  practke,  sali 
to  the  effect  of  public  sentiment  which  may  be  created  against  non-regiiH 
architects,  and  subject  also  to  responsibilities  imposed  by  huilding  or({isi4 
requiring  safe  construction.  The  theory  of  the  registration  lAa*  n  m 
an  architect  should  attain  to  a  certain  minimum  general  education,  a  call 
minimum  technical  education,  plus  a  certain  minimum  of  practical  cspenflj 
before  beginning  practice  on  his  own  account.  That  theory  is  carried |l 
effect  by  requiring  imder  penalty  that  no  person  may  assume  the  title  Axcedl 
whether  he  is  a  new  practitioner,  or  an  experienced  practitioner  from  vitfj 
the  State,  without  first  establishing  his  qualifications  and  receiving  a  lliIiH 
authorizing  him  to  use  that  title.    The  new  york  state  law,  printed  11 

*  This  matter  was  prepared  by  D.  Everett  Waid,  President  (1932)  of  the  Ke«  If 
State  Board  of  Examiners  and  Registration  of  Architects. 
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th,  is  typical  of  recent  laws  which  attempt  to  embody  this  theory.  References 
re  are  made  to  this  law  and  the  notation  also  that  the  American  Institute 
Architects  is  prepared  to  cooperate  with  any  persons  interested  who  desire 
improve  upon  the  laws  already  passed  when  trying  to  secure  in  other  States 
ch  legislation  as  will  tend  to  raise  the  standard  of  qualifications  of  architects. 
ch  legislation  will  certainly  achieve  its  highest  end  if  looked  uix>n  as  educa- 
oal  in  purpose.  InddentaUy  it  may  be  remarked  that  the  best  interests  of 
will  be  conserved  if  earnest  efforts  are  made  toward  a  common  standard 
ich  will  encourage  reciprocal  relations  among  the  States.  An  architect 
o  has  demonstrated  his  qualifications  by  passing  a  proper  examination  in 
e  State  should  not  be  harassed  by  repetitions  of  the  test  in  other  States 
which  he  may  choose  to  practice. 

Standards  of  Education.  The  general  education  required  under  the 
w  York  law  is  the  completion  of  a  high-school  course,  or  equivalent  thereof; 
[>  the  satisfactory  completion  of  such  courses  in  mathematics,  history,  and 
i  modem  language,  as  are  included  in  two  years  of  an  approved  institution 
nting  the  degree  of  A.B.  Five  years'  practical  experience  in  the  office 
a  reputable  architect,  beginning  after  the  high-school  course,  is  required 
ore  a  candidate  can  take  the  technical  examination  conducted  by  the 
ixd  of  Examiners.  This  technical  examination  is  not  required  of  graduates 
recognized  schools  of  architecture  who  shall  have  had,  also,  three  years'  prac- 
d  experience. 

Ldministration  of  Registration  Laws.  In  New  York  State,  architects 
admitted  to  practice  by  the  Regents  of  the  University  of  the  State,  who 
ninister  the  law  through  a  Board  op  Examiners  and  Registration  or 
rHiTECTS.  In  other  States,  the  Boards  of  Examiners  are  appointed  by  the 
iremors. 

ipplication  for  Certificates.  Application-blanks  and  information  regard- 
admittance  to  practice,  dates  of  examinations,  etc.,  can  be  obtained  by 
rcssing  the  Board  of  Examiners  and  Registration  of  Architects,  Education 
[ding,  Albany,  N.  Y.  In  other  States,  such  inquiries  may  be  addressed 
he  Secretary  of  State. 

Kodel  Registration  Law.    Those  interested  in  state  legislation  regu- 

ING    THE   practice   OF  ARCHITECTURE  AND  THE   EDUCATION  OF   ARCHITECTS 

r  secure  copies  of  a  bill  issued  to  serve  as  a  basic  model  which,  with  suitable 
Lifications,  may  be  enacted  in  any  State.  Address  the  Secretary,  American 
itute  of  Architects,  The  Octagon  House,  Washington,  D.  C. 

SOISTRATION   OF  ARCHITECTS  IN  THE  STATS  OF  NEW 

YORK* 

r  law  in  relation  to  the  practice  of  architecture  and  the  rules  of  the 
State  Board  of  Exanuners  and  Registration  of  Architects  approved 
1>y  the  Regents  of  The  University  of  the  State  of  New  York 

^  Assistant  Commissioner  and  Director  of  Professional  Education  is  in 
ge  of  universities,  colleges,  professional  and  technical  schools,  the  execution 
he  laws  concerning  the  professions,  and  the  relations  and  chartering  of 
tutions.  All  correspondence  relating  to  the  issuance  of  certificates,  the 
[Is  of  licensing  examinations,  and  admissions  to  the  practice  of  architecture 

CbiC  fonn  o(  the  law  itself  and  of  the  State  official  docamenta,  with  the  exception  of 
YTpc,  are  inserted  as  enacted  and  printed,  without  further  editing. 
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should  be  addressed  to  the  Diractor  of  the  KTsminstions  and 
Division,  Albany,  N.  Y. 

RBGISTERSD  ARCHITBCTS 

General  business  Iawj(L.  Z909,  Ch.  as) 'Chapter  ao  of  the  oonsoUdated  I 

became  a  law  Febmaiy  17, 1909 

Article  7~A,  Registered  Architects 

Became  a  law  April  38,  xQxs.CLaws  of  19x5,  Chapter  454).  As  ammdcd  by  Laai  d ; 

Chapter  77. 

Section  77.    Registered  Architects. 

Section  78.    Board  of  Examiners. 

Section  79.    Qualifications.    Examinations.    Fees. 

Section  79a.  Certificates. 

Section  79b.  Violation  of  Article. 

77.  Registered  Architects.  Any  person  residing  in  or  having  a  piMX  i 
business  in  the  State,  who,  before  this  article  takes  efifect,  shall  not  hsfe  befl 
engaged  in  the  practice  of  architecture  in  New  York  State,  under  the  S^ 
of  architect,  shall,  before  being  styled  or  known  as  an  architect,  secure  a  <^ 
tificate  of  his  qualification  to  practice  under  the  title  of  architect,  as  pnmdi| 
by  this  article.  Any  person  who  shall  have  been  engaged  in  the  pndkti 
architecture  under  the  title  of  architect,  before  this  article  takes  effect,  ad 
secure  such  certificate,  in  the  manner  provided  by  this  article.  An>'  peai 
having  a  certificate  pursuant  to  this  article  may  be  styled  or  known  as  a  nnj 
tered  architect.  No  other  person  shall  assume  such  title  or  use  the  sbbreiriati^ 
R.  A.,  or  any  other  words,  letters  or  figures  to  indicate  that  the  person  oa^ 
the  same  is  a  registered  architect;  but  this  artide  shall  not  be  cuusuoed  I 
prevent  persons  other  than  architects  from  filing  appUcatioDs  for  buSiii 
permits  or  obtaining  such  permits. 

78.  Board  of  Examiners  and  Registration.  There  shall  be  a  State  Bo* 
of  Examiners  and  Registration  of  Architects,  who,  and  their  successors,  M 
be  appointed  by  and  hold  during  the  pleasure  of  the  Board  of  Regents  of  H 
University  of  the  State,  and  who,  subject  to  the  approval  and  to  the  ndtHi 
the  Regents,  may  make  rules  for  the  examination  and  registration  of  ciwIMiH 
for  the  certificates  pro\ided  for  by  this  article.  Such  board  of  examiners  fll 
be  composed  of  five  architects,  who  hirve  been  in  active  practice  in  the  Sb| 
of  New  York  for  not  less  than  ten  years,  previous  to  their  appointment,  sded^ 
by  the  Regents.  Such  examiners  shall  be  entitled  to  such  oompenarinB  t| 
their  services  under  this  article  as  the  Board  of  Regents  shall  determifie.* 
exceeding  in  the  aggregate  the  amoimt  of  fees  collected  from  appficssal 
certificates. 

79.  Qualification.  Examination.  Pees.  Any  dtizen  of  the  t^ 
States,  or  any  person  who  has  duly  declared  his  intention  of  becomiag 
dtizen,  being  at  least  twenty-one  years  of  age  and  of  good  moral 
may  apply  for  examination  or  certificate  of  registration  under  this  aitid^ 
before  securing  such  certificate  shall  submit  satisfactory  e\'idence  oC  hni^ 
satisfactorily  completed  the  course  in  high  school  approved  by  the  R^fV 
of  the  University  or  the  equivalent  thereof  and  subsequent  thoreto  of  hi^ 
satisfactorily  completed  such  courses  in  mathematics,  historj*  and  oat  nodi 
language,  as  are  included  in  the  first  two  years  in  an  institution  apfvo^i 
the  Regents,  conferring  the  degree  of  badiek>r  of  arts.    Such  f«~y^«*>.  ^1 


Be  te^ 
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dition  submit  satisfactory  evidence  of  at  least  five  jrears'  practical  experience 
the  offiix  or  offices  of  a  reputable  architect  or  architects,  commencing  after 
I  completion  of  the  high  school  course.  The  board  of  examiners  may  accept 
isfactory  diplomas  or  certificates  from  approved  institutions  covering  the 
irse  required  for  examination.  Upon  complying  with  the  above  require- 
nts,  the  applicant  shall  satisfactorily  pass  an  examination  in  such  technical 
i  pxx>fes6ional  courses  as  are  established  by  the  board  of  examiners.  The 
krd  of  examiners  in  lieu  of  examinations  may  accept  satisfactory  evidence 
ftny  one  of  the  qualifications  set  forth  imder  subdivisions  i  and  2  of  this 
kion. 

.  A  diploma  of  graduation  or  satisfactory  certificate  from  an  architectural 
ege  or  school  approved  by  the  Regents,  together  with  at  least  three  years' 
ctical  experience  in  the  office  or  offices  of  a  reputable  architect  or  architects; 
the  three  years'  experience  shall  be  counted  only  as  beginning  at  the  com- 
ion  of  the  course  leading  to  the  diploma  or  certificate;  the  State  Board  of 
iminers  and  Registration  of  Architects  may  require  applicants  under  this 
division  to  furnish  satisfactory  evidence  of  knowledge  of  professional  prac- 

9 

.  Registration  or  certification  as  an  architect  in  another  state  or  country, 
ire  the  quaUfications  required  for  the  same  are  equal  to  those  required  in 

State; 

.  The  board  of  examiners  in  lieu  of  all  examinations  shall  accept  satisfactory 
leace  as  to  the  applicant's  character,  competency  and  quafificationa^  and 
:  he  has  been  continuously  engaged  in  the  practice  of  architecture  for  more 
1  two  years  next  prior  to  the  date  when  this  article  shall  take  effect,  or  that 
las  been  actually  engaged  in  the  practice  of  architecture  on  his  own  account 
s  a  member  of  a  reputable  firm  or  association  for  more  than  one  year  prior 
he  date  when  this  article  shall  take  effect;  providing  the  application  for 
i  certification  shall  be-  made  on  or  before  January  i,  1918.    Any  architect 

has  lawfuDy  practiced  architecture  for  a  period  of  more  than  ten  years 
KHit  the  State  shall  be  required  to  take  only  a  practical  examination,  which 
1  be  of  the  nature  to  be  determined  by  the  State  Board  of  Examiners  and 
btration  of  Architects.    Every  person  applying  for  examination  or  certifi- 

of  registration  under  this  artide  shaU  pay  a  fee  of  twenty-five  dollars  to 
Board  of  Regents. 

I«.  Certificates,  x.  The  result  of  every  examination,  or  other  evidence 
ualification,  as  provided  by  this  article,  shall  be  reported  to  the  Board  of 
silts  by  the  board  of  examiners,  and  a  record  of  the  same  shall  be  kept 
he  Board  of  Regents,  and  such  board  shall,  unless  deemed  otherwise  advis- 
,  issue  a  certificate  of  registration  to  every  person  certified  by  the  board 
Eaminers  as  having  passed  such  examination  or  as  being  otherwise  qualified 
e  entitled  to  receive  the  same. 

Every  person  securing  such  certificates  shall  register  in  the  office  of  the 
tty  clerk  of  the  county  ii\  which  he  maintains  a  place  of  business,  in  a  book 

by  the  derk  for  such  purpose,  his  name,  residence,  place  and  date  of  birth 
post  office  address,  source,  nimiber  and  date  of  his  certificate  of  registration 
ntctice  architecture  and  the  date  of  such  registration,  which  registration 
laH  be  entitled  to  make  only  upon  showing  to  the  county  derk  his  certificate 
^stration  and  making  an  affidavit  of  the  above  facts,  and  that  he  is  the 
tica.1  person  named  in  the  certificate;  that  before  receiving  the  same  he 
plied  with  all  of  the  preliminary  requirements  of  this  article  and  the  rules 
le  Regents  and  the  board  of  examiners  as  to  the  terms  and  the  amount 
tidy  and  examination;   that  no  money  other  than  the  fees  prescribed  by 
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this  article  and  such  rules  was  paid  directly  or  indirectly  for  such 
and  that  no  fraud,  misrepresentation  or  mistake  in  material  regvd  vasi 
ployed  or  occurred  in  order  that  such  certificate  should  be  made,  which ; 
shall  be  preserved  in  a  bound  volume  by  the  county  clerk.    The  anmtT 
shall  indorse  or  stamp  on  the  back  of  the  certificate  the  date  and  hi5 
preceded  by  the  words  "registered  as  authority  to  practice  as  a 

architect,  in  the  clerk's  ofl&ce  of county"; 

issue  to  each  person  duly  registering  and  making  such  affidavit  a 
of  registration  in  his  county  which  shall  include  a  transcript  of  the 
Such  transcript  and  the  certificate  of  registration  may  be  offered  as  pRS^ 
tive  evidence  in  all  courts  of  the  facts  stated  therein.  The  county  da 
fee  for  taking  such  registration  and  affidavit  and  issuing  such  certificate  m 
be  one  dollar.  Any  person  who,  having  lawfully  registered  as  af<xesaid,  ^ 
thereafter  change  his  name  in  any  lawful  manner,  shall  regisler  the  ofv  oa 
with  a  marginal  note  of  the  former  name,  and  shall  note  upon  the  ma^a^ 
the  former  registration  the  fact  of  such  change  and  a  cross-reference  lot&es 
registration.  A  county  clerk  who  knowingly  shall  make  or  suffer  to  be  sd 
upon  the  book  of  registry  of  architects  kept  in  his  office  any  other  emzy  tk 
is  provided  for  in  this  article  shall  be  guilty  of  a  misdemeanor. 

3.  An  architect  having  duly  registered  to  practice  as  a  registered  ardBtdi 
one  county  and  removing  his  practice  or  a  part  thereof  to  another  c(»&t>'i 
regularly  engaging  in  practice  or  opening  an  office  in  another  oounly,  shafts^ 
or  send,  by  registered  mail,  to  the  clerk  of  such  other  county,  his  certiaaf 
of  registration.  If  such  certificate  clearly  shows  that  the  ori^nal  ttffsi^ 
was  duly  issued  under  seal  by  the  Board  of  Regents,  the  dcrk  shaO  tberofl 
register  the  applicant  in  the  latter  county  on  receipt  of  a  fee  of  25  cests  11 
shall  stamp  or  indorse  on  such  certificate  the  date  and  his  name,  preceded  i 

the  words  "  Registered  also  in county,"  and  Rtt 

the  certificate  to  the  applicant. 

4.  The  Board  of  Regents  may  revoke  any  certificate,  if  such  action  be  m* 
mended  by  the  board  of  examiners,  after  thirty  days'  written  notice  t»l 
holder  thereof  and  after  a  hearing  before  the  board  of  ezamineis,  upoa  V$ 
that  such  certificate  has  been  obtained  by  fraud  or  misrepresentation,  cr  4 
proof  that  the  holder  of  such  certificate  has  been  guilty  of  felony  in  casaeM 
with  the  practice  of  architecture. 

79b.  Violation  of  Article.     Any  violation  of  this  article  shall  be  1  ^ 

demeanor,  punishable  for  the  first  offense  by  a  fine  of  not  less  than  fift}'  i 
not  more  than  one  hundred  dollars,  and  for  a  subsequent  offense  by  1 1 
of  not  less  than  two  hundred  nor  more  than  five  hundred  dollars,  or  impril 
ment  for  not  more  than  one  year,  or  both. 

SYNOPSIS  OF  SUBJECTS  ON  WHICH  EXAMINATIONS  ARE  BASfl 

The  examinations  of  applicants  for  certificates  shall  be  based  on  the  I 
following  subjects  or  groups: 

A.  History  of  Architecture.  The  candidate  shall  give  evidence  hf 
examination  that  he  understands  the  essentials  that  give  character  tt| 
various  historic  styles  of  architecture  by  clear  descriptive  analyses  d  ^ 
construction,  general  expression  and  ornament.  Questions  will  be  dl 
relating  to: 

(i)  Architecture  in  various  countries. 

*  Taken  from  the  Rules  of  the  New  York  State  Board  of  Examiners  and  Vitg^ 
of  Architects. 
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(2)  Styles  and  orders.    Sketches  and  names  of  examples. 

(3)  Sculpture  and  painting  and  color  as  applied  to  architecture. 

(4)  Furniture  and  decoration. 

i.  Architectural  Composition.  The  candidate  shall  give  evidence  that 
understands  the  broad  principles  underlying  the  subject  of  architectural 
nning  by  the  application  of  the  same  to  specific  problems  stated  in  the 
imination.  The  social,  economic  and  physical  requirements  of  several 
hitectural  problems  will  be  outlined  and  the  candidate  wUl  be  asked  to 
te  the  principal  considerations  that  would  guide  him  in  the  choice  of  an 
angement  of  plan  that  would  most  adequately  express  and  fulfill  the  con- 
ions  suggested.  Small  sketches  will  be  required  to  illustrate  the  application 
he  principles  involved.    Questions  will  refer  to: 

i)  Principles  of  Planning:  Problems  in  planning  individual  buildings, 
ups  and  towns;  illustrations  may  be  asked  to  show  how  plans  may  be 
uenced  by  considerations,  esthetic,  structural,  and  as  to  kinds  of  matoials, 
I  modifications  of  plan  due  to  considerations  of  occupancy  and  of  fire  pre- 
tion  both  for  fireproof  and  non-fireproof  buildings. 

2)  Esthetic  Design:  Original  examples  will  be  required  illustrating  prin- 
es  involved  in  the  solution  of  practical  problems  and  the  relation  of  plan 
slevation. 

.  Architocttiral  Bngineering.  In  this  examination  the  candidate  shall 
i  evidence  that  he  has  a  thorough  understanding  of  the  appropriate  use 
fie  various  materials  used  in  buildings.  He  will  be  required  also  to  solve 
ain  technical  problems  such  as  the  calculation  of  the  proper  economic 
tensions  of  various  structural  members  common  to  buildings,  in  the  several 
ierials  noted.  Candidates  will  not  be  required  to  make  complicated  calcu- 
>ns,  and  the  use  of  handbooks  will  be  permitted.  Questions  will  be  asked 
o  the  knowledge  of  these  subjects  that  an  architect  should  possess  in  order 
;>erly  to  advise  his  clients  and  to  design  or  to  direct  the  designing  of  suitable 
hanical  equipment  for  buildings  of  different  classes.  Questions  will  be  asked 
ting  to: 

:)  Structural  Design: 
olumn,  girder,  joist  and  truss  designs, 
rind  bracing  for  buildings  of  different  classes. 

arious  types  of  foundations  and  conditions  under  which  their  use  is  advisable. 
arious  kinds  of  bottom  met  with  in  ordinary  practice  and  unit  loads  allowable 
er  foundations  in  each  case. 

iifferent  types  of  concrete  floor  slab  construction  in  common  use. 
Lructural  design  as  affected  by  fire  and  resistive  qualities  of  different  build- 
materials. 
i)   Use  of  Materiab: 

trength  of  materials,  durability  and  considerations  of  wear  and  repair, 
sthetic  reasons  for  use  of  different  materials. 
;)   Heating  and  Ventilating: 

arious  systems  and  reasons  for  and  against  use  under  specific  conditions. 
Qportant  features  of  design  that  should  be  specified. 
i)    £lectric  Equipment:   General  questions  rather  than  technical. 
ajrious  kinds  of  current  and  considerations  involved. 
tnds  of  wiring  and  insulation;  methods  and  materials. 
I^ht  distribution. 

^hting  fioctures;  esthetic  and  practical  design;  important  mechanical 
Us. 
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Generators,  motors,  storage  batteries,  and  advice  to  dlents  regsr&fl 
same. 
Independent  power  plant  considerations.  ' 

(5)  Plumbing  and  Fire  Protection  Equipment: 
Supply  and  waste  systems. 

Kinds  of  material  for  piping  and  reasons  for  use. 

Kinds  of  materials  for  fixtures. 

Sewage  disposal  plants  and  considerations  involved. 

Water  supply,  different  systems  and  considerations  of  supp^  u&d  fiknac 

Sprinklers  and  other  fire  protection  equipment. 

(6)  Elevators: 
Types  of  elevators. 

Arrangement  and  location  of  elevators^ 

d.  Architactnral  Practice.  In  this  examination  the  cmndidate  sfcal  p 
evidence  that  he  understands  the  moral  and  the  legal  respcMnsibilities  d  i 
architect  in  the  proper  performance  of  his  duties  as  such.  He  wiB  be  reqaii 
to  outline  or  draft  clauses  of  contracts  between  ovmer  and  architect  aatf ' 
state  specifically  the  content  of-  the  clauses  included  in  the  contnct  betvfl 
owner  and  contractor  which  are  incorporated  for  the  purpose  ol  definioir^ 
architect's  authority  and  responsibility  to  both  parties  of  the  contract  Ea 
candidate  will  be  required  to  show  that  he  understands  the  major  laona^ 
of  state,  county  and  municipal  building  laws  and  ordinances  and  how  the  a^ 
affect  the  different  classes  of  buildings.  He  shall  be  able  also  to  dte  tbe  co^ 
Intent  authority  under  whose  jurisdiction  permits  for  the  erection  and  ocoqaul 
of  various  types  of  buildings  must  be  obtained.  Questions  will  be  asked  id^ 
ing  to:  1 

(1)  Business  and  Professional  Functions  of  Architects: 

Professional  relation  of  clients  and  contractors.  , 

Essential  provisions  in  contract  between  architect  and  his  dient. 

When  the  architect  is  disinterested  arbitrator,  and  when  he  property  aaja 
as  an  a^ent. 

Relation  of  architects  to  each  other  in  ordinary  practice,  in  assodattgo.  a 
in  consultation,  and  when  one  architect  displaces  another  on  a  given  pieai 
work. 

Sources  and  kinds  of  compensation  for  architect's  services. 

Responsibilities  of  architects  and  methods  of  conducting  their  businesL 

Scope  of  architect's  work,  esthetic  and  structural. 

When  expert's  services  should  be  advised. 

Scope  of  ardiitect's  work,  administrative  business,  and  legal  cootnd 
arbitrations,  court  evidence,  contractors  in  default,  when  counsel  of  cfiri 
lawyer  should  be  advised. 

(2)  Building  Laws: 

State,  county  and  munidpal  laws,  ordinances  and  regulations,  and  l| 
they  affect  different  classes  of  buildings. 
Filing  drawings  and  spedfications  and  obtaining  permits. 

(3)  Contracts: 
Drawings,  spedfications  and  agreement  as  essential  parts  of  the 

contract  between  owner  and  builder. 

Variations  in  kinds  and  forms  of  agreements  and  contracts. 

Definition  of  architect's  authority. 

Provisions  as  to  bids,  letting  contracts,  unit  prices,  requisitioos, 
and  payments. 

Insurance:  fire,  liability,  compensation. 
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Bonding  contractors. 

{4)  Specifications: 

(General  conditions,  purposes  and  scope. 

Scope  and  purposes  and  limitations  of  general  clauses. 

Principles  which  should  be  observed  in  writing  specifications. 

Right  and  wrong  methods  of  specifying  qualities  of  materials  and  workman- 

ip. 

(5)  Drawings: 

Purposes,  use  and  limitations  of  preliminary  drawings. 

Essentials  which  should  be  embodied  in  contract  drawings. 

Purposes  and  limitations  of  detail  and  other  working  drawings  which  are 

t  contract  drawings. 
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\  school  of  architecture  may  he  registered  as  maintaining  a  satisfactory 
mdard  and  may  be  legally  incorporated.    Incorporation  by  the  Regents  will 
made  on  formal  application  and  inspection  by  the  Department  which  show 
ait  the  school  possesses  the  minimum  requirements. 

A.pplic«tion.  An  educational  institution  desiring  admission  to  or  incor- 
ration  or  registration  by  the  University  must  file  a  written  application  giving 
i  information  requested  in  the  form  f»es<7ibed  by  the  Commisflioner  of 
ucation.  A  form  will  be  mailed  on  application  to  the  Assistant  Commissioner 
Higher  Education.  Such  application  must  be  on  file  in  the  Education 
partment  at  least  10  days  before  the  meeting  of  the  Regents  at  which  action 
ireon  is  to  be  taken. 

(Accrediting.  Institutions  unable  to  meet  the  standards  required  by  the 
Stents  for  registration  in  fall  shall  be  accredited  by  the  Department  for  one 
nore  years  of  professional  training  as  they  meet  the  requirements  for  admission 
I  for  professional  training  set  by  the  Regents  standards. 

BLecognition  Accorded  Accredited  Professional  Schools.  Professional 
ools  registered  by  the  Regents  shall  give  the  work  of  accredited  institutions 
higher  recognition  than  that  accorded  such  institutions  in  the  Department's 
r«dited  list,  viz.:  (i)  The  successful  completion  of  a  four-year  course  in  a 
fessional  school  accredited  by  the  Department  for  three  years  shall  be 
orded  three  years*  recognition  only;  (2)  the  successful  completion  of  a 
ee-year  course  in  a  professional  school  accredited  by  the  Dejxirtment  for 
>  years  shall  be  accorded  two  years'  recognition  only;  (3)  the  successful 
ipletion  of  a  two-year  course  in  a  professional  school  accredited  by  the 
[Xirtment  for  one  year  shall  be  accorded  one  year's  recognition  only.  A 
istered  school  may  refuse  to  accord  an  accredited  institution  the  recognition 
sn  it  by  the  Department  but  it  may  not  give  it  any  higher  recognition. 

Comity  of  Action  in  the  Transfer  of  Students  from  One  Professional 
tool  to  Another.  The  Department  does  not  consider  a  course  in  a  school 
architecture  satisfactory  if  more  than  two  conditions,  one  major  of  100  hours 
[  one  minor  of  50  hours,  are  allowed  students  for  promotion  from  one  year's 
ts  to  the  next. 

Taken  from  the  Rules  of  the  New  York  State  Board  of  Examiners  and  Registration 
Lxchitects.  As  schools  may  be  added  to  the  accredited  lists,  these  lists  must  be 
■cd  from  time  to  time. 
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REGENTS'  RULES 
Schools  of  Architecture  * 

440.  Defiiiitions.    School  of  Architectui^  means  any  coDege  or 
of  architecture,  or  school,  department  or  course  of  architecture  in 
or  university,  whatever  the  corporate  title. 

441.  Requirements.  A  School  of  Architecture,  legally  inoofptnij 
may  be  registered  as  maintaining  proper  standards.  It  must  afiord  m 
factory  instruction  in  such  technical  and  professional  courses  as  are  estibltt 
by  the  board  of  examiners,  for  admission  to  the  examinatioos  in  the  MM 
of  architecture,  architectural  composition,  architectural  engineering  and  odi 
tectural  practice.  ( 

442.  t^eneral  Education.  A.  Preliminary.  For  admission  to  a  sd« 
of  architecture,  evidence  shall  be  required  showing  the  satisfactory  compbii 
of  a  four-year  course  in  a  secondary  school  approved  by  the  Board  of  RegB^ 
or  the  equivalent,  72  counts  in  the  academic  examinations.  B.  HioM 
For  admission  to  the  examinations  for  the  certificate  of  R.  A.  evidence  iM 
be  required  of  such  courses  in  mathematics,  history  and  modem  laoguisesj 
are  included  in  the  first  two  years  of  the  curriculmn  leading  to  the  6t^i 
bachelor  in  arts,  or  the  equivalent,  graduation  from  a  junior  ooDege  appod 
by  the  Board  of  Regents. 

SCHOOLS  OF  THE  TTNITED  STATES  AND  CANADA  REGISISlO 

OR  ACCRBDITED.t    JUNE,  (1918) 

Alphabetically  Arranged  by  States 

United  States 

California.  Registered:  School  of  Architecture,  University  of  CaBool 
Berkeley.     (Graduate  course,  one  or  two  years.) 

District  of  Columbia.  Registered:  Department  of  Architecture,  G04 
Washington  University,  Washington.     (Course,  four  years.) 

Georgia.  Registered:  Department  of  Architecture,  (Georgia  ScbocJl 
Technology,  Atlanta.     (Course,  four  years.) 

Illinois.  Registered:  Chicago  School  of  Architecture,  Armour  Institorf 
Technology,  Chicago.     (Course,  four  years.) 

Department  of  Architecture,  University  of  Illionis,  Urbana.  (Coarse.  !■ 
years.) 

Indiana.  Registered:  College  of  Ardiitecture,  University  of  Notre  DiB 
Notre  Dame.     (Course,  four  years.) 

Department  of  Architectural  Engineering,  Rose  Polytechnic  Institute,  T« 
Haute.     (Course,  four  years.) 

Kansas.  Department  of  Architecture,  Kansas  State  Agricultural  C0I9 
Manhattan.     (Course,  four  years.) 

Department  of  Architectural  Engineering,  University  of  Kansas,  La«R>Ei 
(Course,  four  years.) 

*  Taken  from  the  Rules  of  the  New  York  State  Board  of  Examiners  and  RepsUtd 
of  Architects.  As  schools  may  be  added  to  the  accredited  lists,  these  lists  saA  I 
revised  from  time  to  time. 

t  This  is  the  h*st  of  Schools  or  Departments  of  Axcbitectuie  in  the  Unitnd  States  rt 
Canada,  registered  or  accredited  by  the  New  York  State  Board  of  ExanuBers  od  fe# 
tration  of  Architects,  and  must  be  added  to  from  time  to  time. 


Schools  Registered  or  Accredited  1777 

Louisiana.  Registered:  School  of  Architecture  and  Architectural  Engi- 
iriog,  Tulane  University,  New  Orleans.    (Courses,  four  years.) 

Matsachiisetta.  Registered:  Departments  of  Architecture  and  Archi- 
tural  Engineering,  Massachusetts  Institute  of  Technology,  Cambridge. 
>urses,  four  years.) 

Ichool  of  Architecture,  Harvard  University,  Cambridge.  (Graduate  Course, 
ee  years.) 

ICichigan.  Registered:  College  of  Architecture,  University  of  Michigan, 
a  Arbor.     (Course,  four  years.) 

ICinnesota.  Registered:  Department  of  Architecture,  University  of 
tinesota,  Minneapolis.     (Course,  four  years.) 

tfissouri.  Registered:  School  of  Architecture,  Washington  University, 
Louis.     (Course,  four  years.) 

febraska.  Registered:  Department  of  Architectural  Engineering,  Uni- 
sity  of  Nebraska,  Lincoln.     (Course,  four  years.) 

if  aw  York.    Registered:    College  of    Architecture,   Cornell   University, 

aca.     (Course,  four  or  five  years.) 

)epartment  of  Architecture,  Syracuse  University,  Syracuse.     (Course,  four 

rs.) 

Ichool  of  Architecture,  Columbia  University,  New  York.     (Course,  four 

xs.) 

>hio.  Registered:  Department  of  Architecture,  Ohio  State  University, 
.umbus.     (Course,  four  years.) 

)klahoiiia.  Registered:  Department  of  Architecture,  Oklahoma  Agri- 
tural  and  Mechanical  College,  Stillwater.    (Courses,  four  years.) 

Pennsylrania.    Reoistesed:    Department  of  Architectural  Engineering, 

inaylvania  State  College,  State  College.     (Course,  four  years.) 

)epartment   of    Architecture,    University   of   Pennsylvania,    Philadelphia 

mrses,  four  years.) 

>epartment  of  Architecture,  Carnegie  Institute  of  Technology,  Pittsburgh 

mrse,  four  years.) 

razaa.    Registered:    Departments    of  Architecture    and    Architectural 
SJneering,  Agricultural  and  Mechanical  College  of  Texas,  College  Station. 
>urses,  four  years.) 
School  of  Architecture,  University  of  Texas,  Austin.    (Course,  four  years.) 

Canada 

Ontario.  Registered:  Department  of  Architecture,  University  of  Toronto, 
K>nto.     (Course,  four  years.) 

Quebec.  Department  of  Architecture,  McGill  University,  Montreal. 
>urse,  five  years.) 

SYNOPSIS  OF  REGISTRATION  LAWS* 

rhis  study  t  is  made  for  those  who  would  see  at  a  glance  the  statutory 
uirements  for  the  practice  of  architecture  throughout  the  United  States. 

As  States  are  added  to  the  list  of  those  which  have  laws  for  the  Registration  of 
hitects,  these  lists  must  be  revised  from  time  to  tune.    Georgia,  Michigan,  Penn- 
rania,  Virginia,  and  Washington  have  been  added  to  the  list,  up  to  January.  1921. 
Taken  from  Handbook  No.  35,  puMished  annually  by  The  University  of  the  State 
lew  York,  and  containing  information  relating  to  the  Registration  of  Architecta. 
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There  are  four  distinct  lines  of  statutory  reqtnrements:!  (i) 

tion;   (2)   professional  training;   (3)  licensing  test;   (4)   registry.    Tboel 

items  with  (5)  the  title  of  the  executive  officer  and  the 

are  given  uniformly  in  this  synopsis.*    If  there  are  no  statutocy 

the  word  "none"  covers  the  item. 

California,  (i)  None;  (2)  none;  (3)  examination;  (4)  with  the  na4| 
of  the  county  oi  residence  annually;  (5)  secretary,  State  Board  Ardotect^ 
San  Francisco. 

Colorado,  (i)  None;  (2)  none;  (3)  examination  or  certificate  frosi 
similarly  constituted  board  of  another  state;  (4)  with  the  secretary  of  slate  a 
annually  with  the  board;  (5)  Secretary,  State  Board  of  Examiners  of  Acfi 
tects,  Denver. 

Idaho,  (i)  Approved  high  school  course  or  its  equivalent  and  in  ad£tigi 
two-year  course  in  English  and  mathematics  such  as  is  required  in  an  approa 
B.  A.  course;  (2)  three  years'  practical  experience  in  the  office  of  a  repaid 
architect;  (3)  examination  or  in  lieu  of  all  examinations,  graduatioii  froai 
approved  architectural  school  or  registartion  as  an  architect  in  another  aS 
whose  Standard  equals  that  of  this  board;  (4)  with  the  secretary  of  stite;  (j 
Secretary,  State  Board  of  Examiners  of  Architects. 

Illinois,  (i)  None;  (2)  none;  (3)  examination;  (4)  with  the  deAdi 
county  of  practice,  annually;  (5)  Secretary,  Department  of  Registration  ■ 
Examination,  Springfield. 

Looiaiana.  (i)  Good  primary  education;  (2)  none;  (3)  examinatiae< 
diploma  from  an  approved  school  of  architecture;  (4)  with  the  district  oai 
clerk  of  the  parish  of  residence  and  annually  with  the  board;  (5)  Seoctn 
Board  of  Ardiitectural  Examiners,  New  Orleans. 

Montana,  (i)  None;  (2)  none;  (3)  examination  or  a  license  from  saoAl 
state  board;  (4)  with  the  clerk  and  recorder  of  tfab  county  of  readaxe  m 
annually  with  the  state  treasurer;  (5)  Secretary,  Board  of  Architectnnl  En 
ners. 

New  Jeraey.  (i)  None;  (2)  none;  (3)  examination  or  a  license  fans  1 
similarly  constituted  board  of  another  state  or  membership  in  the  Amoioi 
Institute  of  Architects;  (4)  with  the  board,  annually  and  with  the  seotlV 
of  state;  ($)  Secretary,  State  Board  of  Architects,  Trenton. 

New  York,  (i)  Approved  high  school  course  or  the  equivalent  andi 
addition  such  course  in  mathematics,  history  and  one  modem  laognace  as  ■ 
included  in  an  approved  two-year  B.  A.  course;  (2)  at  least  five  years*  practia 
experience  in  the  office  of  a  reputable  architect;  (3)  examination  or  grachatii 
from  an  approved  architectural  school  with  three  years'  experienoe  or  RP 
tration  in  another  state  or  country  ha\dng  standards  equal  to  that  of  this  b<MA 
(4)  with  the  Board  of  Regents:  (5)  Secretary,  State  Board  of  F.inimiiirrt  m 
Registration  of  Architects,  New  York. 

North  Carolina,  (i)  Prescribed  by  the  board;  (2)  prescribed  by  d 
board;  (3)  examination  or  a  certificate  from  a  similariy  constituted  board  i 
another  state  or  membership  in  the  American  Institute  of  Architects:  C< 
with  the  clerk  of  the  superior  court  of  the  county  of  residence;  (5)  Seaetuy 
the  Board  of  Architectural  Examination  and  Registration. 

North  Dakota,  (i)  Approved  high  school  course  or  its  equirsknt;  ( 
three  years'  practical  experience  in  the  office  of  a  reputable  architect;  C 

*Tbe  names  of  the  executive  oflkera.  Secretaries  of  the  Boards,  etc,  aze 
here,  as  the  peisouiel  is  constantly  changing. 
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Binination  or  a  license  from  another  state  board  whose  standard  equals  that 
this  board  or  membership  in  the  American  Institute  of  Architects;   (4)  with 
e  secretary  of  state  and  annually  with  the  board;  Secretary,  State  Board  of 
rchitecture,  Bismarck. 

South  Carolina,  (i)  None;  (2)  at  least  two  years'  experience  in  archi- 
ctural  work;  (3)  examination  or  graduation  from  an  approved  sdiool  of 
chitecture;  (4)  with  the  board,  annually;  (5)  Secretary,  State  Board  of 
rchitectural  Enuniners,  Columbia. 

Utah,  (x)  None;  (2)  none;  (3)  examination;  (4)  with  the  board,  annually; 
)  Secretary,  State  Board  of  Architecture. 

Wisconsin,  (i)  None;  (2)  at  least  five  years'  practical  experience  in  the 
&ce  of  a  reputable  architect.;  (3)  examination  or  a  satisfactory  certificate 
>m  a  recognized  architectural  school  with  three  years'  experience  or  registra- 
>n  with  the  board  of  another  state  or  country  whose  standards  are  not  lowev 
lan  those  of  this  board;  (4)  with  the  Industrial  Conmiission;  (5)  Secretary 
the  Board  of  Examiners  of  Architects,  Madison. 


jyVCAUOSAL    mSTITXmONS     IN     THE    UNITED 
STATES  AND  CANADA  OFFERING  COURSES  IN 
ARCHITECTURE.    TRAVELLING  FELLOW- 
SHIPS AND  SCHOLARSHIPS 

1.  AModation  of  Collegiate  Schools  of  Architecture 

Aatoetatlon  of  Collegiate  Schools  of  Architecture.  Organized  in  1912 
>  advance  the  standards  of  architectural  education  in  the  United  States, 
lembership  (192 1)  represents  fifteen  architectural  schools  in  Columbia, 
lornell,  Haxvardi  Syracuse,  Yale,  and  Washington  Universities;  the  Universities 
f  California,  Illinois,  Kansas,  Michigan,  Minnesota,  Oregon  and  Pennsylvania* 
nd  the  Carnegie  and  Massachusetts  Institutes  of  Technology.  (Officers  1921: 
^resident  Emil  Lorch;  Vice-President,  William  Emerson;  Secretary-Treasurer, 
larence  A.  Martin,  Cornell  University,  Ithaca,  fi.  Y.  The  Association 
equires  for  the  admission  of  an  institution  to  membership  the  attainment  of 
ertain  mNnrnv  conditions  in  its  course  in  architecture,  a  detailed  list  of 
?hich  will  be  furnished  upon  application  to  the  secretary.  They  are  here 
broadly  summarized  as  follows:  (i*)  Collegiate  rating  under  the  Carnegie 
■foundation;  (2)  A  course  of  at  least  120  credit-hours  of  both  general  and 
irofessional  studies  of  certain  minimum  range  and  approved  method  of  presen- 
ation,  leading  to  a  degree  not  less  than  baccalaureate;  (3)  Such  character 
4  staff  and  administration,  standing  of  course  and  adequacy  of  equipment 
IS  will  reasonably  assure  quality  of  performance;  (4)  A  demonstration  of  suc- 
xss  in  operation  through  a  period  of  at  least  four  years.  The  Association 
lolds  an  annual  conference  on  architectural  education  to  which  representatives 
tf  all  American  schools  are  welcomed. 

8.  Educational  Institutions,  Fellowships,  and  Scholarships 

Academy  of  Architecture  and  Industrial  Science,  St.  Louis,  Mo.  This 

I  a  private  school  founded  by  Mr.  Maack  in  1885,  and  designed  more  par- 
icularly  to  meet  the  wants  of  building  tradesmen,  offering  them  such  instruction 

II  is  necessary  to  attain  the  highest  iMrofidency  in^tbeir  trade  and  a  thorough 
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understanding  of  the  plans  and  details  of  complicated  buildings, 
also  a  special  course  for  those  desiring  to  fit  themselves  for  positicHis  as 
men  in  architects'  offices.    Tuition  for  the  regular  course  is  $50  for  a 
months'  term,  or  $300  for  the  full  course  of  eight  terms*  or  $100  for  the 
Several  spedal  courses  with  varying  tuition. 

Alabama    Polytechnic    Inatitute,    Auburn,    Ala.       DEPARTvorr 
Architecture,    (z)  Full  four-year  course  leading  to  the  degree  of 
of  Science  in  Architecture.      (2)  FuU  four-year  course  Irading  to  the 
of  Bachelor  of  Science  in  Architectural  Engineering.     (3)  Two-year 
course  for  draftsmen  and   college  graduates.    Tuition   free   to  resideotf 
Alabama;    $20  per  year  for  others.    About  two  dozen  loan-scholasseips 
$100  or  more  per  annum.    Limited  number  of  fellowships  of  $250  for 
graduates.    Illustrated  Annoimcement  giving  details,  sent  on  request. 

American  Academy  in  Rome,  Fellowship  in  Architecture.  K 
Prize.  The  fellowship  is  awarded  annually  and  is  of  the  value  of  $1  000  a 
for  three  years.  The  award  is  made  on  competitions  which  are  opes  onlr 
unmarried  male  citizens  of  the  United  States,  who  comply  with  the  rtguhi 
of  the  Academy.  Candidates  are  required  to  be  (i)  graduates  of  one  of 
architectural  schools  included  in  the  accepted  list  of  the  Academy;  or  {2)  |d^ 
nates  of  a  college  or  university  of  high  standing  who  hold  certificates  c^  at 
two  years'  study  in  one  <^  such  architectural  schools;  or  (3)  Americaos 
are  pupils  of  the  first  class  of  the  School  of  Fine  Arts  at  Paris^  and  vho 
obtained  at  least  three  values  in  that  class.  There  is  no  age-limit.  Infonnatiia 
as  to  the  terms  and  conditions  of  the  competitions  may  be  obtained  fRm  IM 
Secretary  of  the  Academy,  10 1  Park  Avenue,  New  York  City. 

American  School  of  Correspondence,  Chicago,  m.  Concspondegai 
courses  in  Architecture,  Ardiitectural  Engineering,  Contracting  and  Boibfip&j 
Reinforced  Concrete,  Architectural  Design,  and  Structural  Draughting.  Bdhj 
tin  sent  on  application.  j 

Armour  Institute  of  Technology,  Chicago,  ID.  Full  four-year  coaM 
leading  to  the  degree  of  Bachelor  of  Science  in  .\rchitecture.  Applicants  la 
admission  must  have  completed  the  regular  four-year  high-school  coo* 
A  HoaiE  Traveling-Scholarship,  four  prizes,  and  a  medal  are  awarded 
ally.    Tuition,  |i8o  per  year. 

Beaux  Arts  Institute  of  Design,  126  East  78th  Street,  Hew  Tork.K.t 
Department  of  Architecture.  (Address  all  communications  to  this  deia*- 
ment.)  The  course,  established  in  1893,  consists  (1920)  of  a  series  of  tlmty-M 
competitions,  issued  annually,  for  the  study  of  architectural  design  and  the  stj^ 
of  architecture,  open  to  the  draughtsmen  and  students  in  architecttiral 
in  the  United  States  and  Canada,  and  modeled  on  the  system  of  instrucsiA 
adopted  by  the  Ecole  des  Beaux  Arts  in  Paris.  The  course  is  free,  except  ia^ 
the  annual  fee  of  $2  for  r^stration  of  each  student.  There  are  no  restrictiaS 
as  to  the  age,  nationality,  or  sex  of  the  students.  No  preliminary'^  exanmaaM 
are  given,  but  new  students  are  expected  to  have  a  knowledge  of  the  Stc  ordsi 
of  architecture.  Bronze  and  silver  medals  are  awarded  for  exoelkiKeii 
design  and  money-prizes  are  offered  in  special  prizes  for  decoration,  groBp* 
planning  of  buildings,  etc.  Certificates  are  presented  to  all  stodeots  d 
Class  A  completing  the  course  as  defined  in  the  circular  of  infonnatioa,  iriaii 
is  furnished  on  request.  During  the  season  19x7-1918  the  work  was  cunei 
on  by  one  hundred  and  eleven  correspondents  of  the  Institute  in  eighty-«S^ 
different  cities,  with  a  total  of  seven  hundred  and  seventy-four  students. 

Department  op  Interior  Decoration  (Address  all  comraunicatioBs  to  di 
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Motment)!  The  course  oonststs  o!  programmes  for  competitions  issoed 
try  six  weeks  to  those  who  apply  for  them.  These  may  be  executed  by 
(d€nts  situated  in  any  locality  and  sent  in  to  the  Institute  where  they  will 

criticized  and  judged  on  fixed  dates  by  a  jury  of  experts.  Bronze  and 
V£R  MEDALS  are  awarded  for  excellence.  An  atelier  for  male  students  under 
t  instruction  of  several  decorators  exists  in  the  building  of  the  Institute. 
ere  are  no  fees  of  any  kind.    No  formalities  or  examinations  are  necessary 

admission  to  the  atelier.  A  circular  is  furnished  on  request. 
E>EPAKTia:NT  OF  Sculpture.  (Address  all  communications  to  this  depart- 
nt.)  Ateliers  for  male  students  for  eadi  one  of  the  three  courses  (Archi- 
tural  Ornament,  Life  Drawing,  and  Modeling  and  Composition)  exist  in 
;  building  of  the  Institute.  No  examinations,  formalities,  or  fees  of  any 
kI.  Open  all  day  all  the  yeiar  round.  Instructors  visit  their  dassea  twice 
veek.  Judgments  by  expert  juries  every  four  weeks  on  work  of  preceding 
nth.  Bronze  and  silver  medals  awarded.  Circular  furnished. 
Department  of  Mural  Painting.  (Address  all  communications  to  this 
xirtment.)  The  course  consbts  of  problems,  programmes  of  which  are 
led  every  month  to  those  who  apply  for  them.  Judgments  by  a  jury  of 
ists  every  month  on  the  designs  handed  in.  Bronze  and  silver  medals 
arded.    No  examinations,  formalities,  or  fees  of  any  kind.    No  atelier 

this  department  at  the  Institute.  Students  work  up  their  problems  under 
ir  own  instructors  wherever  they  may  be  situated.  Circular  furnished. 
^eaxtx  Arts  Architects,  Society  of.  126  East  75TH  Street,  New 
iftK,  N.  Y.  The  course  in  Architectural  Design  established  in  1893  and 
merly  conducted  by  the  Committee  on  Education  of  thb  Society,  is  now 
Tied  on  by  the  Beaux  Arts  Institute  of  Design.  (See  Beaux  Arts  Institute 
Design.)  / 

Paris  Prize.  This  schoiarship-prize  is  usually  conducted  annually  by 
i  Society  of  Beaux  Arts  Architects.  Under  its  conditions  the  winner  re- 
ves  $1  200,  per  annum  for  two  years  and  a  half,  to  study  architecture  in 
ris  at  the  Ecole  des  Beaux  Arts,  into  the  upper  class  of  whidi  he  is  received 
thout  further  examinations.  The  competition  beginning  January  loth, 
20,  fcv  this  scholarship  consisted  of  two  preliminaries  and  one  final  com- 
dtion  and  was  open  to  all  male  citizens  of  the  United  States  under  thirty-two 
irs  of  age  on  July  ist,  1920.    A  circular  is  furnished  on  request. 

Carnegie  Inititate  of  Technology,  Pittsbnrgh,  Pa.  Division  of  the 
its;  School  OF  Architecture,  (i)  A  complete  course  in  architecture  for  day- 
idents  for  which  the  degree  of  Bachelor  of  Architecture  in  Design  is  awarded 
those  specializing  in  design  and  allied  subjects  (Option  i),  and  the  degree  of 
ichdor  of  Architecture  in  Construction  to  those  in  construction  and  allied 
bjects  (Option  2).  From  four  to  five  years  are  required  for  the  completion  of 
escribed  work.  (2)  For  graduate  day-students  a  course  of  advanced  studies 
design  and  allied  subjects,  scheduled  to  cover  one  year,  and  leading  to  the 
gree  of  Master  of  Arts.  (3)  A  partial  day-course,  scheduled  to  cover  two 
ars,  for  experienced  draughtsmen  and  designers,  for  which  a  certificate  of 
ofidency  is  awarded.  (4)  A  course  for  night-students  for  which  a  Certificate 
Proficiency  is  awarded.  This  course  includes  the  same  work  as  is  required 
day-students  in  design,  freehand  drawing  and  modeling.  Tuition:  For  day- 
I'lool,  $75;  for  night-school,  $20  per  year. 

Catholic  University  of  America,  Washington,  D.  C. 

Clemson  Agricultural  College  of  South  Carolina,  Clemson  College,  S.  C. 

Columbia  University,  New  Tork,  N.  Y.  School  of  Architecture. 
)  Full  four-year  course  leading  to  the  degree  of  Bachelor  of  Architecture. 
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Keoeives  oniy  students  with  at  least  two  years  of  oolkge  training,    b 
nection  with  Columbia  College,  there  is  a  six-srear  course  giving  tbt 
of  A.B.,  at  the  end  ci  four  years  and  B^Arch.  at  the  end  off 
Advanced  courses  leading  to  the  degree  of  Master  of  Science  in 
Tuition  $6  per  "  tuition-point,"  totaling  about  $250  per  year. 
Traveung-Fellowshifs,  awarded  as  follows:    One  is  avaiUble 
with  a  stipend  of  about  $1  500;    the  McKxm  FexxjOwship  eveiy  tlmd 
beginning  1916-17;  the  Scheuieshorm  FelxjOWship,  every  third  year, 
ning  19 18-19;    and  the  Perkins  Fellowship,  every  third  year, 
1920-2Z.    Each  of  these  requires  the  winner  to  devote  one  year  to 
travel  and  study. 

ExtemsioN'Teacsimo,  evening  and   afternoon  connes.     A  cofime 
to  a  Certificate  of  Proficiency  in  Architecture  is  offered.    This  covers  m 
tax  years,  depending  on  how  much  is  taken  each  year.    Equivalent  of  day- 
in  instruction.    Tuition,  $6  per  "tuition-point,*'  each  course  having  a 
point-value.    Graduation  accepted  in  lieu  of  examinations  for  state 
There  are  Special  Students,  also,  under  Extension-Teadiing  who  aeiect 
own  course  of  study  in  subjects  for  which  they  are  quaHfied.    AH  infbnaad 
may  be  obtained  from  the  Curator.  ' 

Cornell  University,  Ithaca,  W.  T„  College  of  Archtfectcre.  'i)  | 
four-year  general  course  in  architecture,  leading  to  the  Uiegree  of  B«(^di 
of  Architecture,  and  a  similar  course  with  engineering  electives,  leading  to 
degree  of  Bachelor  of  Science  in  Architecture.  (2)  Five-year  oourses  w. 
tecture,  the  same  as  the  above,  but  with  additional  work  in  the  arts  and 
leading  to  the  same  degrees.  (3)  Six-year  courses  in  arts  and  <"«'m^ 
architecture,  or  in  engineering  and  architecture,  leading  to  the  degrees  of . 
and  B.Arch.,  or  C.E.  and  B.S.Arch.  (4)  A  t\^year  spedai  course  in 
tecture,  leading  to  a  certificate.  (5)  Graduate  courses  in  architecture, 
to  the  degree  of  Master  of  Architecture.    Tuition,  $200  a  year. 

Oeorge    Washington   UniversUyt   Washington,    D.  C    Dci 

or  Arts  amo  Sciences.  Course  in  Architecture.  Four-year  course  in  sidii 
tecture,  leading  to  the  degree  of  Bachelor  of  Sdenoe  in  Architecture.  Coaran^ 
instruction  open  to  qualified  special  students,  without  reference  to  any  dcpff. 
Full  tuition  $180;  part-time  students  pay  $6  for  each  semester-hour  credit 

Geoffgin  School  of  Tochaology,  Adnata,  Oa.  DEPanmsirr  of  Atf- 
tecture.  (i)  Full  four-year  course  leading  to  the  degree  of  Bachelor^ 
Scienoe  in  Architecture,  (a)  Two-year  special  course  leading  to  a  aatifa<ej 
proddency.  Tuition,  $2$  per  year  for  residents  of  Georgia;  ^100  for  ov 
residents.  The  Georgia  Chapter  of  the  American  Institute  of  Architects  to 
provided  a  loan-fund  in  this  department  for  one  or  two  students  needhl 
assistance. 

Harvnrd    Univenity,    Pacolty   of  Architectttre,   Cambfidge,  Ibd 

School  or  ARCflXTRCruRR.  Professional  training  in  architecture,  (i)  OH 
to  graduates  of  colleges,  scientific  schools  and  professional  schools  of  good  saatf 
ing«  leading  to  the  degree  of  Master  in  .Ardiitecture,  or  Master  in  ArdutectR 
in  Architectural  Engineering.  length  of  period  of  study  for  men  iriA  ■ 
professional  inreparation,  commonly  three  years,  depending  on  ability  and  |IIf 
vious  training,  (a)  Open  to  competent  spedai  students,  who  must  be  ff* 
twenty-one  years  of  age,  and  must  have  had  at  least  three  years  of  ofi«^ 
experience;  admitted  to  spedai  course  leading  to  certificate.  Tuitk»  $s^ 
per  year, 

Howard  University,  Wsshington,  D.  C. 
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CBOOL  Of  LAMDacAPB-AEGBrrECTORE.  (x )  Professional  training  in  landscape* 
kitectore,  open  to  graduates  of  colleges  and  technical  schools  of  good  standings 
Itng  to  the  degree  of  Master  in  Landscape-Architecture.  (2)  Special 
fents  admitted  to  courses  for  which  their  training  fits  them.  Tuition,  $200. 
'wo  Travkunc-Fbllowships,  the  Julia  Amory  Applbton  and  the  Robin- 
,  are  ofiEered  for  competitioii  in  alternate  years,  each  having  an  annual 
le  of  |i  100,  tenable  for  two  years,  for  travel  and  study  in  Europe  under 
direction  of  the  School  of  Architecture.  The  Charles  Eliot  Fellow- 
*  IN  Landscape-Architecture  (stipend  $x  100)  is  offered  for  travel  and 
ty  in  landscape-architecture,  under  the  direction  of  the  School  of  Landscape- 
[litecture.  These  fdlowshiiM  are  open  for  competition  to  graduates  in 
itecture  and  in  landscape-architecture,  respectively. 
zsjpewt  Scholarships.    Two  Austin  Scholarships  im  Arghiikcture  and 

in  Landscape- Architecture,  annual  value,  $350.  The  Cummings 
olarship  in  Landscape- ARCBrrECTURB,  annual  value,  $3  50.  One  Eveletb 
OLAJtsHEP  IN  Architbcture,  amual  value,  $350.    Three  Scholarships 

Special  Students  in  Architecture,  open  to  competition  to  properly 
lified  draughtsmen,  annual  value,  $200.  Six  University  Scholarships  open 
egular  students  in  Architecture  or  Landscape-Architecture,  annual  value, 
3.  Other  scholarships  available  to  candidates  of  special  claims  as  to  resi- 
X,  college,  or  descent. 

itemRtioiial  Correspondeiice  Schools,  Scnnton,  Ph.  A  corporation 
led  to  furnish  instruction  by  correspondence  and  to  hold  examinations  to 
Uish  proficiency.  The  architectural  course  is  designed  particularly  to  meet 
wants  of  those  already  engaged  in  the  building  trades  or  drafting-room, 
icludes  sixty-one  subjects  covering  the  elements  of  building-construction, 
onry,  carpentry,  plumbing,  etc,  and  the  principles  of  design,  drawing, 
iering.  and  specification-writing.  The  tuition  includes  text-books  and 
'uction,  that  is.  criticisms  on  written  lessons,  sent  to  the  schools,  and  also 
rers  to  questions  on  subjects  connected  with  the  course,  that  may  be  asked 
the  students.  Information  regarding  fees  can  be  obtained  on  inquiry. 
-ter  courses  are  available  for  building-contractors,  building-foremen,  and 
special  courses  in  structural  engineering. 

»WH  State  College  of  Agriculture  and  Mechanic  Arts,  Ames,  Iowa. 

juuuui  State,  Agricultural  College  of,  Manhattan,  Kan.  Departicent 
lhcbttbcture.  Full  four-year  course  hi  architecture,  leading  to  a  degree  in 
ftelor  of  Sdenoe.  Tuition  free  to  residents  of  the  state.  Incidental  fees 
unt  to  about  $12  a  semester. 

[aaaachnsetts  Institiite  of  Technology,  Boston,  Mast.  Two  four-year 
ses  are  offered  in  architecture,  leading  to  the  degree  of  Bachelor  of  Sdence: 
Course  in  general  architecture;  (2)  Course  in  architectural  engineering, 
ortunities  are  offered  in  each  course  for  advanced  professional  work  leading 
le  degree  in  (i)  of  Master  in  Architecture  and  in  (2)  of  Master  of  Science, 
ial  students  must  be  college-graduates,  or  twenty-one  years  of  age,  with  not 
than  two  years  of  office-experience.  In  all  cases  they  must  demonstrate 
r  fitness  for  the  work  of  the  department  by  personal  conference  with  the 
1  of  the  department,  or  his  representative,  and  by  the  presentation  of 
m  from  former  employers,  together  with  drawings  covering  their  experience 
illy  as  possible.  AJl  special  students  must  take  in  their  first  year  of  residence 
ke  Institute  courses  in  descriptive  geometry  and  mechanical  drawing,  unless 
e  subjects  have  been  passed  at  the  September  examinations  for  advanced 
ding,  or  excuse  from  one  or  both  has  beoi  obtained  on  the  basis  of  equivalent 
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work  accomplished  elsewhere.    Tuition,  $250  per  year.   An  Anitual  Tia^ 
Fellowship  amounting  to  $z  000  is  given  solely  on  the  baas  of 
merit,  candidates  being  received  from  both  regular  and  special  students, 
prizes,  varying  from  $10  to  $200  each,  are  equally  divided  between  the 
and  the  special  students.    Certain  funds  are  available  for  the  assistance  0I1 
qualified  regular  students  for  undergraduate  and  for  post-graduate 

McGill  University,  Montreal,  Canada.    Department  of  AscHntc 
(i)  Full  five-year  course  leading  to  the  degree  of  Bachelor  of  Ardute 
(2)  Competent  special  students  are  admitted  to  take  a  i>artial  course,  b^j 
university  certificate  is  granted  for  this  work.    Tuition,  $150  per  year. 

North  Dakota  Agricultural  College,  Fargo»  N.  D.     Depaktmesi 

Engineering.    Draughtsmen's  and  builders'  ooiu-se  of  three  years  (six 
each).    FuU  four-year  course  in  architecture,  leading  to  Bachelor  of 
Architecture.    Full   four-year   course   in   Architectural    Engineerin 
to   Bachelor  of   Science   in   Architectural   Engineering.    Tuidon  hee. 
amounting  to  $35  per  year. 

Ohio  Mechanics'  Institute,  Cincinnati,  Ohio.    Departvent  op  ^ 

TECTURE.    Technical  high-school  course  preparatory  to  architecture, 
ing  four  years.    Two-year  intensive  course  in  architecture.     Evenxsg 
in  architectural  drawing  and  allied   building-trade   subjects.    Gradiatzs| 
grammar-schools   are    trained   in    draughting    and    elementary   ardotc 
subjects  simultaneously  with  their  high-school  subjects.     Graduates  cf 
schools  are  trained  intensively  in  technical  architectural  work,  indmfioi 
giate  mathematics  and  sciences,  and   receive  a   Certificate  of  Profickacyl 
Architecture.    Tuition,  $75  per  year. 

Ohio  State  Uniyersity,   Columbus,  Ohio.    Course  in 
Two  four-year  courses,  leading  to  the  degrees  of  Bachelor  of  ArdutectiE?e  i 
Bachelor  of  Architectural  Engineering.    Tuition  free.  I 

Oklahoma  Agricultural  and   Mechanical   College,  StiOwAter,  Qtf| 

Departments  of  Architecture  and  Architectural  Engineerdsg.  F4 
year  course  in  Architecture  and  Architectural  Engineering,  leading  to  a  d^ 
of  Bachelor  of  Science.  Two-year  special  course  for  draftsmen,  leadii«  l| 
certificate  of  completion  in  this  work.  Tuition  free.  The  rcgistratiQa-fai| 
$2  a  semester.  :i 

Pennsylvania  State  College,  State  College,  Pa.  Course  in  .Mtt 
tural  Engineering.  Full  four-year  course,  leading  to  the  degree  of  Badi 
of  Science  in  Architectural  Engineering.  Tuition  is  free.  Incideatil  i 
amount  to  about  $30  per  semester,  these  fees  including  the  ooJlege  iees-  J 
course  in  architectural  design.  ^ 

Pratt  Institute,  Brooklyn,  N.  T.  Course  in  Architecture.  SckksI 
Fine  and  Appued  Arts,  (i)  Two-year  course  in  architectural  desigs.  I 
Two-year  course  in  architectural  construction.  (3)  Full  thiee-year  cooiael 
architectural  design  and  architectural  construction.  The  course  in  fll 
tectural  design  aims  to  give  students  a  general  training  that  will  preriaie  di 
to  pursue  the  profession  of  architecture  as  competent  assistants  in  aidsM 
offices,  and  leads  to  positions  of  responsibility  and  independence.  The  ot^ 
in  architectural  construction  aims  to  fit  the  student  for  general  diaugbtiif] 
builders'  offices,  or  for  general  detailing  and  construction-wcM^  in  an  aodM 
office,  and  leads  to  the  position  of  superintendent  of  constructjon-woct.  Tiael 
$80  per  year. 

Princeton   University.    Princeton,  H.   J.    School  op  AruhhuoI 
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i  courses  in  Architecture:  (i)  For  students  enrolled  as  candidates  for 
legree  of  Bachelor  of  Arts  on  graduation  and  for  the  degree  of  Master  oC 
Arts  in  Architecture  after  two  years  of  graduate  work,  (a)  For  students 
have  not  begim  the  study  of  architecture  in  the  sophonoore  year,  but 
^ish  to  receive  the  degree  of  Bachelor  of  Arts  on  graduation  and  the  degree 
aster  of  Fine  Arts  in  Architecture  after  two  years  of  graduate  work, 
'or  students  entering  the  School  as  candidates  for  the  degree  of  Master 
ne  Arts  in  Architecture  without  previous  study  in  architecture.  For  the 
ge  student,  three  years  and  a  half  are  required  for  this  course.  Tuition, 
a  year  for  students  on  full  time,  and  $40  for  those  on  part  time.  Annual 
$15.  The  GRADUATE  FELLOWSHIP  AND  SCHOLARSHIPS  of  the  Univers»ty 
pen  to  members  of  the  School.  They  are  over  fifty  in  number,  and  range 
pend  from  $150  to  $1  000  per  annum. 

ee  Institute,  Houston,  Tex.  Architectural  Department.  Full 
yrear  c»urse  leading  to  the  degree  of  Bachelor  of  Science  in  Architecture, 
on  free. 

^Chester  Athenaeum  and  Mechanics  Institute,  Rochester,  N.  T. 
kSTiCENT  OP  Applied  Arts.  Three-year  courses  in  Architectural  Drawing 
Design,  and  Architectural  Construction,  leading  to  Diplomas.  There 
Jso  courses  for  properly  prepared  students  who  do  not  wish  to  take  the 
ma-courses.  Tuition  for  full  courses,  I90  per  year;  for  part-time  students, 
x  term  of  twelve  weeks  for  one  session  per  week. 

Me  Polytechnic  In8titute,''Terre  Haute,  Ind.  Department  of  Archi- 
[7RAL  Engineering.  Full  four-year  coiu^e,  designed  to  give  a  thorough 
ing  in  architectural  engineering,  together  with  systematic  instruction  ia 
tectural  design.    Tuition  and  incidental  fees,  $110. 

rtch  TraToling-Scholarship,  Inc.  (For  particulars  address  the  Secretary, 
sacon  Street,  Boston,  Mass.)  Candidates  must  be  under  thirty  years  of 
It  the  date  of  the  beginning  of  the  preliminary  examinations.  At  that 
they  must  have  been  engaged  in  professional  w^ork  during  two  years 
lassachusetts  in  the  employ  of  a  practicing  architect  resident  in  Massa- 
ttts,  and  will  be  required  to  pass  preliminary  examinations  upon  the  foUow- 
mbjects:  (i)  History  of  architecture;  (3)  Freehand  drawing  from  the 
(3)4_Con8truction,  theory  and  practice;  (4)  An  elementary  knowledge 
e  French  language.  Holders  of  a  degree  in  Architecture  from  the  Massa- 
Itts  Institute  of  Technology,  Columbia  University,  University  of  Penn- 
ma,  Cornell  University,  Harvard  University,  or  University  of  Illinois 
l>e  allowed  to  present  such  diploma  which  will  be  accepted  in  lieu  of  the 
inations  in  the  preliminaries.  Candidates  who  pass  in  these  preliminary 
inations  are  admitted  to  a  competition  in  design,  the  successful  can- 
e  in  which  is  awarded  the  scholarship  and  receives  annually,  for  two 
;,  $x  400,  to  be  expended  in  foreign  travel  and  study.  The  Boston  Society 
rchitects,  through  a  committee,  has  complete  charge  of  the  examinations, 
BUpervises  the  work  of  the  scholar.  The  Society  of  Architects  awards 
am  of  $75  as  a  second  prize. 

Tacuse  University,  Syracaose,  V.  T.,  College  of  Fine  Arts.    Depart- 

*  OF  Architecture.  This  school  offers:  Four-year  courses  in  (i)  Archi- 
re,  (2)  Architectural  Design,  (3)  Architectural  Engineering,  all  leading 
e  degree  of  Bachelor  of  Architectxire  (B.Ar.);  (4)  Special  two-year  course 
rchitectural  draughtsmen  of  two  or  more  years*  experience;  (5)  Graduate 
e  in   architecture;    (6)    Interior  architectural   design  and   decoration. 
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Tuition,  I150  per  year.    Bulletins  and  full  inlonnatkm  available 
Registrar. 

Texas.  Agricultural  and  Mechanical  College  of  Toxaa»  CoDege 
Tex.    Department  of  AscBrrECrusE.    Four-year  course  in 
offering  an  option  through  the  junior  and  senior  years  in  arctutectural 
ing.    Qualified  special  students  admitted.    Tuition  firee. 

Tulane  Univeraity  of  Louisiana,  New  Orleans,  La.     Dep. 

Architecture  in  the  College  op  Technology,     (i)  Full  four-jTir 
leading  to  a  degree  in  architecture.     (2)  Special  courses  for  students  doc 
didates  for  a  degree.    Tuition,  $100  per  year.     Special  attention  p« 
subtropical  conditions. 

University  of   California,  Berkeley,  Cal.     School  of 
(i)  Full  four-year  course  leading  to  the  degree  of  Bachelor  of  Arts, 
year-graduate  course  leading  to  the  degree  of  Master  of  Arts.    (3)  T 
graduate  course  leading  to  the  degree  of  Graduate  in  Architecture.    (4) 
elective  courses  for  students  not  candidates  for  a  degree.    Tuition  &et 
residents  of  the  state  o(  California.  ^ 

University  of  Illinois,  Urbana,  HI.  Courses  in  AscsnecmE 
Architectural  Engineering,  (i)  Full  four-year  course  leading 
degree  of  Bachelor  of  Science  in  Architecture,  (a)  FuU  four-year  ca^ 
leading  to  the  degree  of  Bachebr  of  Science  in  Architectural  Eogbnl 
Tuition  is  free.  Incidental  fee,  $30  per  year.  Plyii  Travbung-Feiic«9 
$1  000  for  one  year  of  travel  abroad;  awarded  by  competition  to  gndad 
the  Department  of  .^chitecture  of  the  University  of  nim.-jQ 

University  of  Kansas,  Lawrence,  Kan.  Dbparticent  of  AtcfliRa^ 
AND  Architectural  Engineering.  Full  four-year  course  in  Ardotedil 
leading  to  the  degree  of  Bachelor  of  Science  in  Architecture.  Fufl  km4 
course  in  Architectural  Engineering,  leading  to  the  degree  of  Bachelor  of  S4 
in  Architectural  Engineering.  Four-year  courses  in  each,  based  on  ooejl 
in  the  College  of  Liberal  ."Kfts,  leading  to  the  degree  of  Bachelor  of  Sdi 
Tuition  free.  Fees  amounting  to  $15  per  year  for  residents  of  the  aam 
$2  5  per  year  for  non-residents. 

University  of  Michigan,  Ann  Arbor,  Mich.  Colubgk  op  Anamfll 
(i)  A  general  four-year  course  leading  to  the  degree  of  TUrhrlftr  of  S^ail 
Architecture.  (2)  A  four-year  course  in  which  architectund  desip  ii^ 
phasized,  leading  to  the  same  d^ree.  (3)  A  four-year  course  in  wbich  ikd 
a  large  proportion  of  engineering  subjects,  leading  to  the  degree  of  9tM 
of  Science  in  Architectural  Engineering.  (4)  Five-year  cofurats  kadng  ui 
degrees  of  Master  of  Sdence  in  Architecture  and  Master  of  Science  id  M 
tectural  Engineering.  (5)  A  two-year  course,  leading  to  a  Certificate,  iorapil 
students  (experienced  draughtsmen  or  college-graduates).  (6)  StiiikBtsa 
earn  the  degree  of  Bachelor  of  Arts  and  the  degree  in  Ardutectiire  »k 
five  to  six  years.  There  are  two  scholarships.  Annual  fees,  $57  for  stali 
from  Michigan  and  $87  for  others. 

University  of  Minnesota,  Minneapolis,  Mian.    DEPAUicarr  or  Jtai^ 

tecture.  Full  four-year  course,  leading  to  the  degree  of  HM^>iM4ftr  d  Sad 
in  Architecture.  Fifth  year,  leading  to  the  degree  of  Master  of  Sdeaoi 
Architecture .  Special  students  of  maturity  and  practical  cjqwieaoe  j 
admitted.  Instruction  is  provided  in  Architectural  F.ngipfyrin|^,  Tuingai 
Incidental  fee,  $60  per  year. 

University  of  Nebraska,  Lincoln,  Nab.    Coixbgb  of  Evcaaai 
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lonr-year  ooune  in  ardutectural  engineering,  leading  to  Bachelor  of  Sdence 
rcbitectiual  Engineering.    Tuition  free.    Total  fees  for  four  years,  $iio. 

nirersity  of  Hotre  Dame,  Notre  Dame,  Ind.  Department  of  Archi- 
VRE.  (i)  Full  four-year  course  in  design  leading  to  the  degree  of  Bachelor 
cience  in  Architecture.  (a>  Full  four-year  course  in  architectural  engi- 
ng  leading  to  the  degree  of  Bachelor  of  Science  in  Architectural  Engineering. 
rwo-year  special  course  leading  to  a  Certificate  of  Proficiency.  Tuition, 
per  year;  room  $60  and  upwards;  board,  $180  and  upwards. 

nirafBity  of  Oregon,  Bugene,  Ore.  School  of  Akcbtcecture  and 
ED  AjtTS.  Two  architectural  options  in  design  and  structural  work. 
Four-year  course  leading  to  the  degree  of  Bachelor  in  Architecture. 
Five-year  course  leading  to  the  degree  of  Master  in  Architecture.  (3)  Ex- 
on-courses  in  Portland,  Ore.,  in  design,  etc.  (4)  Special  courses  for  ex- 
iBced  draughtsmen.  Tuition  free  for  university-coiurscs;  $5  a  term  for 
dsion-courses. 

Diversity  of  Pennsylyanift,  PhiladelpliUi,  Pa.  School  of  Tnm  AsTs, 
ARTMENT  OF  AscuiTECi'UitE.  (i)  Four-year  course  leading  to  the  degree 
tachelor  of  Architecture.  (2)  Graduate  course  of  one  year,  with  choice 
^een  major  subjects,  leading  to  the  degree  of  Master  of  Architecture, 
rwo-year  special  course  leading  to  a  professional  certificate.  (4)  Six-year 
Dgement  of  courses  in  liberal  arts  and  architecture  leading  to  the  degrees 
.  B.  and  also  B.  Arch.  (5)  Option  in  Architectural  Engineering  leading  to 
iegree  of  Bachelor  of  Architecture.  Summer  school  providing  instruction 
any  architectural  subjects  of  the  regular  session.  The  degree  and  certificate 
accepted  by  the  American  Institute  of  Architects  in  satisfaction  of  its 
stional  requirements  for  membership  and  are  credited  by  State  Boards  for 
sing  of  architects.  Tuition  $300  per  year.  Circular,  including  information 
II  courses  in  the  School  of  Fine  Arts,  on  application  to  the  Dean  of  the  School 
ine  Arts,  University  of  Pennsylvania,  Philadelphia,  Pa. 
IE  Woodman  Scholarship  in  AjlChitecture  of  the  University  of  Penn- 
uua,  for  one  year  of  foreign  travel  and  study,  is  open  to  graduates  of  this 
ol,  they  being  also  eligible  to  the  general  competition  for  the  Fellowship 
HE  American  Academy  in  Rome.  The  Paris  Prize  of  the  Beaux- Arts 
TTOTE  OF  Design  is  open  to  seniors  and  graduates  and  the  Stewardson 
veling-Scholarship  is  available  to  students  who  are  residents  of  Penn- 
ania.  The  medals  of  the  American  Institute  of  Architects  and  the 
ete  des  Architectes  Diplomes  are  conferred  in  this  school  as  well  as 
IE  MEDALS  AND  PRIZES  opcD  to  its  studeots  alone. 

nivenity  of  Santa  Clarat  Santa  Clara,  Cal. 

niversity  of  Southern  California,  Lot  Angeles,  Cal.  Four-year  general 
-ae  in  architecture,  leading  to  the  degree  of  B.S.  in  Architecture. 

'niTeraity  of  Texas,  Austin,  Tex.  School  of  Architecture,  (x)  Four- 
'  and  five-year  courses  leading,  respectively,  to  the  degrees  of  Bachelor 
cience  in  Architecture,  and  Master  of  Science  in  Architecture.  (2)  Four- 
•  course  leading  to  the  degree  of  Bachelor  of  Science  in  Architectural  En- 
ering.    Tuition  free. 

rniveraity  of  Toronto,  Toronto,  Canada.  Department  of  Archi- 
ruRE.  Full  four-year  course  leading  to  the  degree  of  Bachelor  of  Applied 
nee  (B.A.Sc.)  with  an  option  of  architectural  engineering,  replacing  archi- 
ural  design  in  the  fourth  year.  The  fees  are,  first  year,  $100;  second  year, 
9;  third  and  fourth  years,  $120.  The  university  is  supported  by  the 
vince  of  Ontario. 
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University  of  Virginia.    McIntire  School  of  Fine  Axis.    F« 
covirse  in  architecture,  leading  to  the  degree  of  Bachelor  of  ScMOce  ia 
tecture.    Annual  average  of  tuition  and  laboratory  fees:   For  non-\1 
1 1 80;  for  Virginians,  $75. 

University  of  Washington.  Seattle,  Wash.     Cousse  in 
Four-year  course,  leading  to  the  degree  of  Bachelor  of  Architecture, 
a  fourth-year  option   in  architectural  engineering.     TuitiMX,   $20  per 
Entrance  fee,  $10;  graduation  fee,  $5. 

Washington,  The  State  College  of,  Pullman,  Wash.     Dspi 

Architecture.     (1)  Full  four-year  course  leading  to  the  degree  of 
of  Science  in  Architecture.     (2)  Two-year  special  course  leading  to  a 
of  Proficiency.     (3)  Special  students,  adequately  prepared,  are  admittEd  1 
classes.    Tuition  free. 

Washington   University,  St.  Louis,   Mo.    School  of  Aacmnc 
(i)  Four-year  courses  in  architecture  and  in  architectural  exi( 
to  the  d^ees  of  Bachelor  of  Architecture,  and  Bachelor  of  Science  in 
tectural  Engineering,  respectively,     (a)  One-year  course  leading  to  the 
of  Master  of  Architecture.     (3)  Special   two-year    course  with 
Tuition,  ^150  per  year.  " 

Wentworth  Institute,  Boston,  Mass.  Courses  in  architectenl  4 
stniction,  carpentry  and  building,  and  twelve  other  terhnifail  trades  or  iai 
tries,  (i)  Two-year  course  in  architectural  construction  trains  for  po^ 
of  foremen,  superintendents,  detail-designers,  etc.  Tuition,  $54  per  jcv  t 
%IS  laboratory  fee.  (2)  One-year  oourse  in  carpentry  and  building 
for  those  wishing  to  enter  the  wood-working-trades  and  industries  as 
apprentices  or  high-grade  artisans.  Tuition  I30  per  year  and  $15  labontoiy  I 

Yale  University,  If ew  Haven,  Conn.  Depasticekt  ot 
Regular  course  covers  four  years.  Special  degree.  Bachelor  of  Fine  A 
be  competed  for  at  end  of  course.  Portions  of  the  first-year's  work,  ii 
lectures  on  history  of  chief  styles  of  architecture  and  princiiJes  of 
and  practice  in  elementar>'  design,  may  be  taken  as  electives  by  junioBi 
seniors  in  the  academic  course.  Alice  Kimball  English  Scbolasshif,  i 
ported  from  fund  of  $1 1  000,  for  a  year's  travel  abroad.  Weluam  Wncr  C 
CHESTER  Scholarship,  supported  from  fund  of  $20  oor^,  for  a  yesr  s  tfl 
abroad.    Tuition,  $180  per  year. 

I 

ABCHITECTUBAL  SOCIETIES  AND  OSGANrabj 

TIONS  OP  THE  WORU> 

X.  United  States 

(i)  THE  AMERICAN  INSTITUTE  OF  ARCHITECrS 

The  Octagon,  Washington,  D.  C. 

List  of  Chapters  (1923)  of  the  The  American  Institute  of  Atcmtfi 

The  year  indicates  the  date  of  the  chapter's  organization 

Alabama  Chapter.     1916  Central  New  York  Chapter.    i88y 

Baltimore  Chapter.     1870  Cincinnati  Chapter.     1870 

Boston  Chapter.     1870  Cleveland  Chapter.     1890 

Brookl>Ti  Chapter.     1894  Colorado  Chapter.     1892. 

Buffalo  Chapter.     1890  Columbus  (Ohio)  Chapter.    1913 
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lecticut  Chapter.     1902  Philadelphia  Chapter.     i86g 

on  Chapter.     1899  Pittsburgh  Chapter.     1891 

e^ia  Chapter.     1906  Rhode  Island  Chapter.     1875 

is  Chapter.     1869  St.  Loiiis  Chapter.     1890 

Chapter.     1903  San  Francisco  Chapter.     x88i 

las  City  Chapter.     1890  South  Carolina  Chapter.     19 13 

ucky  Chapter.     1908  Southern  California  Chapter.     1894 

aana  Chapter.     19 10  Southern  Pennsylvania  Chapter.    1909 

igan  Chapter.     1887  Tennessee  Chapter.     191 9 

lesota  Chapter.     1892  Texas  Chapter.     19 13 

aska  Chapter.     19 19  Toledo  Chapter.     19 14 

Jersey  Chapter.     1900  Virginia  Chapter.     19 14 

York  Chapter.     1867  Washington  (D.  C.)  Chapter.     1887 

h  Carolina  Chapter.     1913  Washington  State  Chapter,  1894 

3n  Chapter.    19x1  Wisconsin  Chapter.    19x1 

■e  chapters  were  organized  since  1920:   Arkansas,  Central  Illinois,  Erie,  Florida, 
m,  Kansas  State,  Montana,  St.  Paul,  Scranton-Wilkesbarre,  South  Georgia,  and 

:  OF  State  Associations  of  The  American  Institute  of  Architects 
York  State  Society  of  Architects.     1919 
State  Association.     19x5 
sylvania  State  Association.    1909 

(2)  MISCELLANEOUS  SOCIETIES  • 

ican  Society  of  Landscape  .Architects 

itects*  Association  of  Indianapolis 

itectural  Club  of  Minneapolis 

itectural  League  of  Pacific  Coast 

itectural  League  of  New  York 

itectural  Society  of  the  University  of  California 

itectural  Society  of  the  University  of  Pennsylvania 

jation  of  Collegiate  Schools  of  Architecture 

more  Architectural  Club 

in^ham  Society  of  Architects 

m  Architectural  Club 

>D  Society  of  Architects 

dyn  Institute  of  Arts  and  Sciences 

igo  Architects'  Business  Association 

igo  Architectiu'al  Club 

Igo  Association  of  Architects 

xmati  Architectural  Club 

iland  Architectural  Club 

nbus  Society  of  Architects 

jit  Architectural  Club 

th  Architectural  Club 

leers'  and  Architects'  Club  of  Louisville,  Ky. 

:1a  Association  of  Architects 

oyle  Club  of  St.  Paul 

|ria  Architectural  Association 

napolis  Architectural  Club 

as  State  Architects'  Association 

eproduced  by  permission  from  the  Architects'  Directory  and  Specification  Index, 
ihed  by  The  William  T.  Comstock  Company,  New  York  City. 
inges  are  necessarily  made  in  these  lists  from  time  to  time. 
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Los  Angeles  Architectural  Club 

Massachusetts  Institute  of  Technology  Architectural  Awodation 

Minneapolis  Architectural  Club 

Minneapolis  Society  of  Architects 

New  Orleans  Architectural  Club 

New  York  Society  of  Architects 

Norfolk  Society  of  Architects 

North  Carolina  Architectural  Association 

Oakland  Architects*  Association 

Oakland  Architectural  Club 

Oklahoma  State  Association  of  Architects 

Pittsburgh  Architectural  Club  I 

Portland,  Or^on,  Architectural  Club  | 

Portland,  Oregon,  Association  of  Architects  I 

St.  Joseph,  Missouri,  Society  of  Architects  ! 

St.  Louis  Architectural  Club  ] 

St.  Paul  Architectural  Club  , 

San  Antonio  Society  of  Architects 

San  Di^^  Architectural  Association  . 

San  Francisco  Architectural  Club  , 

Society  of  Architects  of  Akron,  Ohio  i 

Society  of  Architects  of  Columbia  University  ' 

Society  of  Beaux-Arts  Architects 

Society  of  Naval  Architects  and  Marine  Eogineero 

South  Bend  Architectural  Club  ' 

South  Carolina  Association  of  Architects 

Southern  States  Engineering  Society 

Spokane  Architectural  Club  I 

T  Square  Club  of  Philadelphia 

Tacoma  Society  of  Architects 

Texas  State  Association  of  Architects 

Utah  Association  of  Architects 

Washington,  D.  C,  Architectural  Club 

It.  Argentine  Republic 

Sociedad  Central  de  Arquitectos.    Buenos  Aires 

S.  Austria 

Austrian  Society  of  Civil  Engineers  and  Architects.     Vienna 
Architekten-Klub  der  Weiner  Kunstleigenossenschaft. 
Gesellschaft  Osterreichischer  Architekten.    Vienna 
Weiner  Bauhiitte.    Vienna 
Towarzystwo  Politechniczne  we  Lwowie.    Leopoi 
Towarzystwo  Technisczne  we  Krakowie.    Cracow 

4.  Belgium 

Association  des  Architectes,  de  Li^e.    Li^ 

Society  Centrale  D 'Architecture  de  Belgique.    Brussels 

Society  Royale  des  Architectes  D'Anvers.    Antwerp 

Kring  Voor  Bouwhunde  D'Anvers.    Antwerp 

Chambre  Syndicate  des  Architectes  de  Bruxdles.     Brussds 
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dation  des  Architectes  de  Bruxelles.     Brussels 
^  des  Architectes  de  la  Flandre  Orieatale.    Ghent 
\U  des  Architectes  de  la  Flandre  Orientale.    Bruges 

5.  Bulgaria 
lU  des  Ing^eurs  et  dea  Architectes  Bulgares.    Sofia 

t.  Canada 

AacHiTEcruRAL  AssocxAHOK  OF  Canada 

ral  Architectural  iDStltute  of  Canada.    Montreal 

erta  Association  of  Architects.    Calgary  and  Edmonton,  Alta. 

hitects*  Association  of  Victoria.    Victoria,  B.  C. 

ash  Columbia  Association  of  Architects. 

gary  Architectural  Club 

oitoba  Association  of  Architects.    Winnipeg,  Man. 

ario  Association  of  Architects.    Toronto 

vince  of  Quebec  Association  of  Architects.    Montreal 

pna  Architectural  Association.    Rcgina,  Sask. 

luitchewan  Association  of  Architects.    Regina,  Sask. 

7.   Cuba 
iety  of  Engineers  and  Architects  of  Havana.    Havana 

8.  Franca 

manent  Committee  of  International  Congresses  of  Architects.    Paris 

ai£t^  des  Architectes  Dipldm^s  par  le  Gouvemement.     Paris. 

j6t6  Nationale  des  Architectes  de  France.    Paris. 

a^t6  Centrale  des  Architectes  Frangais.    Paris 

ion  Syndicate  des  Architectes  Frangais.    Paris 

3£t£  des  Dipldm^s  de  I'^ole  Sp6ciale  d' Architecture.    Paris 

lociation  Provenciale  des  Architectes  Fran^ais.    Versailles 

36t6  R6gionale  des  Architectes  du  Centre  de  la  France.    Bourges 

a6t6  Regionale  des  Architectes  de  Dauphin^  et  de  la  Savoie.     Grenoble 

i€t€  des  Architectes  de  I'Est  de  la  France.    Nancy 

i€i€  Regionale  des  Architectes  du  Limousin,  de  I'Angoul^me  et  du  Perigord. 

Gu^ret  (Creuse) 
Mti  R6gionale  des  Architectes  du  Midi.    Toulouse 
iSU  Regionale  des  Architectes  du  Nord.    Lille 

36t6  Rdgionale  des  Architectes  du  Poitou  et  de  la  Saintonge.    Parthenay 
iix£  R^onale  des  Architectes  du  Puy-de-Ddme,  du  Cantal,  de  la  Haute- 

Loire  et  de  I'Allier.    Clermont-Ferrand 
iiU  Rdgionale  des  Architectes  de  Sa6ne-et-Loire,  de  I'Ain  et  du  Jura.    Chi- 

lons-sur^SaAne 
lociatipn  Regionale  des  Architectes  du  Sud-Est.    Nice 
i^t6  des  Architectes  de  I'Aisne.    St.  Quentin 
i^t£  des  Architectes  de  I'AlUer.    Moulins 
i6U  des  Architectes  de  I'Anjou.    Angers 
itU  des  Architectes  de  TAube.    Troyes 
Ut6  des  Architectes  de  Blois.    Blois 

i6t£  des  Architectes  de  Bordeaux  et  du  Sud>Ouest.    Bordeaux 
i6t£  des  Architectes  des  Bouches-du-Rhdne«    Marseilles 
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Socicte  des  Architectes  du  Doubs;     Besangon 

Soci6t6  des  Architectes  de  la  Drdme  et  de  TArdeche.    Valence 

Soci6t6  des  Architectes  d'Eure-et-Loir.    Chaitres 

Soci^t^  Amicale  et  Syndicat  des  Architectes  du  Gard.    Nimes 

Soa€t£  des  Architectes  de  la  Haute-Marae.    ChAlons-sur-Mame 

Soci€t€  Acad^mique  d'Architecture  de  Lyon.    Lyon  4 

Soci6t6  des  Architectes  de  la  Mame.    Paul-Chandon  ^ 

Sod^t^  des  Architectes  de  Nantes.    Nantes 

Soci^t^  des  Architectes  de  I'Oise.     Compi^gne 

Soci6t6  des  Architectes  d'Orleans.    Orl^ns 

Soci6t6  des  Architectes  de  Renncs.     Rennes 

Soci^t^  des  Architectes  de  la  Seine  Infericure  et  de  TEure.    Rouea 

Society  des  Architectes  de  Seine-et-Mame.     Melun 

Soci6t6  des  Architectes  de  Seine-et-Oise.    Versailles 

Soci6t6  des  Architectes  de  la  Touraine.    Tours 

Soci^t6  des  Architectes  de  I'Yonne.    Joigny 

Association  Amicale  des  Architectes.    Paris 

Reunion  Amicale  des  .\nciens  £16ves  de  I'Atelier  Questd-Pascal.    Puis 

Union  Mutuelle  des  .\rchitectes.    Paris 

Association  Provinciale  des  Architectes  Franfais.    Bordeaux 

Soci6t6  des  Architectes  de  la  Cdte-d'Or.     Dijon 

Soci6t6  das  Architectes  du  Nord-Ouest.    Guingamp  CC6tcs-du-Xord) 

Socifit^  des  Architectes  de  la  Loire.    Saint-Etienne 

Sodet6  des  Architectes  du  Loiret.    Orleans 

Soci6t6  des  Architectes,  G6om6tres  et  Experts  de  la  Lozere.     Mende 

Syndicat  des  .Architectes  du  Rhdne.    Villeurbanne 

Soci^t6  des  Architectes  du  Havre.    Le  Havre  (Seine-Inf^rieurc) 

Union  Architecturale  de  Lyon.    Lyon 

Association  des  Architectes  Franjais.    Marseilles 

Syndicat  des  .\rchitectes  de  Basse-Normandie.     Caen 

Soci^t6  Historique  de  Compiegne.    Compline 

Soci6t6  d'Assistance  Coniraternelle  des  Architectes  Fran^ais.    Versailles 

f.   Germany 

Architekten  Verein  zu  Berlin.    Berlin.  W. 

Verbund.  Deutscher  Architekten  und  Ingenieur  Verein.      Berlin.  S.  \V. 
Wiirttembergerischer  Verein  fur  Baukunde.    Stuttgart 
Sachsischer  Ingenieur  und  Architekten  Verein.    Dresden 
Vereinigung  Berliner  Architekten.    Berlin.  \V. 
Architekten  und  Ingenieur  Verein  zu  Hannover.    Hannover 
Architekten  und  Ingenieur  Verein  zu  Osnabnick.    Osnabriick 
Architekten  und  Ingenieur  Verein  zu  Hamburg.    Hamburg 
Architekten  und  Ingenieur  Verein  zu  Cassel.    Cassel 
Architekten  und  Ingenieur  Verein  zu  Ltlbeck.    Lttbeck 
Schleswig-Holsteinischer,  Architekten  und  Ingenieur  Verein.     Kid 
Baierischer  Architekten  und  Ingenieur  Verein.    Munich 
Architekten  und  Ingenieur  Verein  zu  Breslau.    Breslaa 
Badischer  Architekten  und  Ingenieur  Verdn.    Karlsruhe 
Architekten  imd  Ingenieur  Verein  zu  Oldenburg.    Oldenburg 
Ostpreussischer  Architekten  \md  Ingenieur  Verehi.    Kdnlgsbefg 
Frankfurter  Architekten  und  Ingenieur  Verdn.    Frankfurt-on-Main 
Westpreussicher  Architekten  und  Ingenieur  Verein  zu  Danzig.    Danag 
Architekten  und  Ingenieur  Verein  fUr  Elsass  Lothringen.    StrassburK 
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elrheinischer  Architekten  und  Ingenieur  Verein.    Darmstadt 

dener  Architekten  Verein.    Dresden 

litekten  und  Ingenieur  Verdn  fiir  Niederrfaein  und  Westfalen.    Cologne 

in  Leipciger  Architekten.    Leipzig 

litekten  und  Ingenieur  Verein  fur  das  Herzogtum  Braunschweig.    Brun» 

vnck 

litekten  und  Ingenieur  Verem  zu  Madgeburg.    Magdeburg 

litekten  und  Ingenieur  Verein  zu  Bremen.    Bremen 

litekten  und  Ingenieur  Verein  zu  Aachen.    Aix-Ia-Chapelle 

litekten  und  Ingenieur  Verein  zu  Metz.    Metz 

klenburgischer  Architekten   und   Ingenieur   Verein  zu  Schwerin,  i.M. 

Schwerin 

sinigung  Berliner  Architekten.    Berlin.    W. 

litekten  und  Ingenieur  Verein  zu  DUsseldorf.    Diisseldorf 

mberger  Architekten  und  Ingenieur  Verein.    Bromberg 

litekten  und  Ingenieur  Verein  zu  Mlinstcr,  i.W.     Munster 

iiitekten  und  Ingenieur  Verein  zu  Potsdam.    Potsdam 

tutekten  und  Ingenieur  Verdn  zu  Stettin.    Stettin 

Iiitekten  und  Ingenieur  Verein  zu  Posen.    Posen 

bitekten  und  Ingenieur  Verein  zu  Erfurt.    Erfurt 

ein  der  Architekten  und  Bauingenieur  zu  Dortmund.    Dortmund 

dningung  Schlesiscber  Architekten.    Breslau 

rarzystwo  Przyjaciol  Nauk.    Posen 

If.   Great  Britain 

^a1  Institute  of  British  Architects.    London,  W. 

Ihem  Architectural  Association.    Newcastle-upon-Tyne 

ds  and  Yorkshire  Architectural  Society.    Leeds 

ffield  Society  of  Architects  and  Surveyors.     Sheffield 

nchester  Society  of  Architects.     Manchester 

erpool  Architectural  Society  (Inc.).    Liverpool 

ttingham  Architectural  Association.    Nottingham 

mingham  Architectural  Association.     Birmingham 

cester  and  Lcistershire  Society  of  Architects.    Leicester 

stol  Society  of  Architects.    Bristol 

rdifif,  South  Wales  and  Monmouth  Architects'  Society.     Cardiff 
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CORIMTHIAN  ABAHS 


GLOSSAST  *  « 

i 

Technical  Terms,  Andent  and  Modem,  Used  by  Architects,  Buail 

and  Draughtsmen  ' 

Aaron*8-Rod.  An  ornamental  figure  representing  a  rod  with  a  sapeiit  tiS 
about  it.  It  is  sometimes  confounded  with  the  caduceus  of  Mercui>'.  fli 
distinction  between  the  caduceus  and  the  Aaron's-rod  is  that  the  former  kasti 
serpents  twined  in  opposite  directions,  while  the  latter  has  but  one.  I 

Abacus.  The  upper  member  of  the  capital  of  a  column.  It  is  st 
square  and  sometimes  curved,  forming  on  the  plan 
segments  of  a  circle  called  the  arch  of  the  abacus,  and 
is  commonly  decorated  with  a  rose  or  other  ornament 
in  the  center,  having  the  angles,  called  horns  of  the 
abacus,  cut  oflF  in  the  direction  of  the  radius  or  curve. 
In  the  Tuscan  or  Doric,  it  is  a  square  tablet;  in 
the  Ionic,  the  edges  are  molded;  in  the  Corinthian, 
its  sides  are  concave  and  frequently  enriched  with 
carving.  In  Gothic  pillars  it  has  a  great  variety  of 
forms. 

Abbey.     A  term  for  the  church  and  other  build- 
ings used  by  conventual  bodies  presided  over  by  an 
abbot  or  abbess,  in  contradistinction  to  cathedral,  which  is  {vesided  over  by 
oishop;  and  priory,  the  head  of  which  was  a  prior  or  prioress. 

Abutment.    That  part  of  a  pier  from  which  the  arch  springs. 

Abuttals.    The  boundings  of  a  piece  of  land  on  other  land,  street,  river,  et( 

Acanthus.    A  plant  found  in  the  south  of  Europe,  representations  d  vboe 
leaves  are  employed  for  decorating  the  Corinthian  and 
Composite  capitals.    The  leaves  of  the  acanthus  are 
used  on  the  bell  of  the   capital,  and  distinguish  the 
two  rich  orders  from  the  three  others. 

Acroteria.  The  small  pedestals  placed  on  the 
extremities  and  apex  of  a  pediment.  They  are  usu- 
ally without  bases  or  plinths,  and  were  originally 
intended  to  receive  statues. 

Ailc,  Aisle.  The  wings;  inward  side  porticos  of  a  church;  the  inward  hiai 
corridors  which  enclose  the  choir,  the  presbyter>',  and  the  body  of  the  cbciri 
along  its  sides.  Any  one  of  the  passages  in  a  church  or  hall  into  which  li»pet 
or  seats  op>en. 

Alcove.  The  original  and  strict  meaning  of  this  word,  which  is  deri>-w  fra 
the  Spanish  alcoba,  is  confined  to  that  part  of  a  bed-chamber  in  which  thebel 
stands,  separated  from  the  other  parts  of  the  room  by  columns  or  pilas-ierv  J 
is  now  commonly  used  to  express  any  large  recess  in  a  room,  generally  sepafln 
by  an  arch. 

Alipterion.  In  ancient  Roman  architecture,  a  room  used  by  batbei?  fa 
anointing  themselves. 

•  This  Glossary  was  compiled  by  Mr.  Kidder  from  various  sources,  and  »ili  tk 
exception  of  some  changes  in  typoscraphical  details  to  make  it  conform  gatenSs  to  tk 
matter  In  the  rest  of  the  book  it  is  left  as  published  in  the  preceding  editions. 
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Umonry.  The  place  or  chamber  where  ahns  were  distributed  to  the  poor  in 
irches,  or  other  ecclesiastical  buildings.  At  Bishopstone  Church,  Wiltshire, 
gland,  it  is  a  sort  of  covered  porch  attached  to  the  south  transept,  but  not 
amunicating  with  the  interior  of  the  church.  At  Worcester  Cathedral,  £ng- 
d,  the  alms  are  said  to  have  been  distributed  on  stone  tables^  on  each  side, 
hin  the  great  porch.  In  large  monastic  establishments,  as  at  Westminster, 
eems  to  have  been  a  separate  building  of  some  importance,  either  joining  the 
e-house  or  near  it,  that  the  establishment  might  be  disturbed  as  little  as 
aible. 

Utar.  In  andent  Roman  architecture,  a  place  on  which  offerings  or  sacri- 
s  were  made  to  the  gods.  In  Protestant  churches,  the  communion  table  is 
en  designated  as  the  Altar,  and  in  Roman  Catholic  churches  it  is  a  square 
»le  placed  at  the  east  end  of  the  church  for  the  celebration  of  mass. 

Utar  of  Incense.  A  small  table  covered  with  plates  of  gold  on  which  was 
ced  the  smoking  censer  in  the  temple  at  Jerusalem. 

Utnr-piece.  The  entire  decorations  of  an  altar;  a  painting  placed  behind  an 
u. 

Utar->8ereen.  The  back  of  the  altar  from  which  the  canopy  was  suspended, 
1  separating  the  choir  from  the  lady  chapel  and  presbytery.  The  Altar-screen 
s  generally  of  stone,  and  composed  of  the  richest  tabernacle  work  of  niches, 
tab,  and  pedestab,  supporting  statues  of  the  tutelary  saints. 

Uto-rilievo.  High  relief.  A  sculpture,  the  figures  of  which  project  from  the 
face  on  which  they  are  carved. 

Imbo.  A  raised  platform,  a  pulpit,  a  reading-desk,  a  marble  pulpit  —  an 
ong  enclosure  in  ancient  churches,  resembling  in  its  uses  and  positions  the 
dem  choir. 

kmbry.  A  cupboard  or  closet,  frequently  found  near  the  altar  in  ancient 
irches  to  hold  sacred  utensils. 

bnbulatoiy.    An  alley  —  a  gallery  —  a  cloister. 

Lfflphiprostylos.    A  Grecian  temple  which  has  a  columned  portico  on  both 

Is. 

Amphitheater.    A  double  theater,  of  an  elliptical  form  on  the  plan,  for  the 

dbitioa  of  the  ancient  gladiatorial  fights  and  other  shows.    Its  arena  or  pit,  in 

ich  those  exhibitions  took  place,  was  encompassed  with  seats  rising  above 

h.  other,  and  the  exterior  had  the  accommodation  of  porticos  or  arcades  for 

I  public. 

bnphora.    A  Grecian  vase  with  two  handles^  often  seen  on  medals. 

Incones.    The  consoles  or  ornaments  cut  on  the  key-stones  of  arches  or  on 

\  sides  of  door-cases.    They  are  sometimes  made  use  of  to  support  busts  or 

ter  figures. 

kngle-bar.    In  joinery,  an  upright  bar  at  the  angles  of  polygonal  windows; 

luUion. 

kn^e-capital.  In  Greek  architecture,  those  Ionic  capitals  placed  on  the  flank 
umns  of  a  portico,  which  have  one  of  their  volutes  placed  horizontally  at  an 
^e  of  a  hundred  and  thirty-five  degrees  with  the  plane  of  the  frieze. 

Innnlated  COlnmns.  Columns  clustered  together  by  rings  or  bands;  much 
d  in  English  architecture. 

knnnlar  Vault.  A  vault  rising  from  two  parallel  walk — the  vatdt  of  a 
ridor.    Same  as  ^rre^  Vatdt, 
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Annulet.  A  small  square  molding  used  to  separate  others.  The  fikt^ 
separates  the  flutings  of  cdumns  is  sometimes  known  j 

by  this  term. 

Anta,  Ant9.  A  name  given  to  a  pilaster  when 
attached  to  a  wall.  \^truvius  calls  pilasters  par- 
vtatm  when  insulated.  They  are  not  usually  di- 
mioished,  and  in  all  Greek  examines  their  capitals  are  Axmiisr 

different  from  those  of  the  columns  they  accompany. 

Antechamber.    An  apartment  preceded  by  a  vestibule  and  hum 
approached  another  room. 

Antechapel.  A  small  chapel  forming  the  entrance  to  another.  Theti 
examples  at  Merton  College,  Oxford,  and  at  King's  College,  Cambridge,  Eoffa 
besides  several  others.  The  antechapel  to  the  lady-chapd  in  cathedni 
generally  called  the  Presbytery. 

Antechoir.  The  part  under  the  rood  loft,  between  the  doois  of  the  d 
and  the  outer  entrance  of  the  screen,  forming  a  sort  of  lobby.  It  is  also  d 
the  Fore-choir. 

AntuflTi.  In  classical  architecture  (gargoyles^  in  Gothic  arcfaitectiBe), 
ornaments  of  lions'  and  other  heads  below  the  eaves  of  a  — 

temple,  through  channels  in  which,  usually  by  the  mouth,  the  i 

water  is  carried  from  the  eaves.    By  some  this  term  is  a|>-  ^ 

plied  to  the  upright  ornaments  above  the  eaves  in  andcnt     .    .  /^ 

architecture,  which  hid  the  ends  of  the  Harmi  or  joint  tiles.         atoutu 

Apophyge.  The  lowest  part  of  the  shaft  of  an  Ionic  or  Corinthian  cola 
or  the  highest  member  of  its  base  if  the  column  be  considered  as  a  whole.  1 
Apophyge  is  the  inverted  cavetto  or  concave  sweep,  on  the  upper  edge  oi  wt 
the  diminishing  shaft  rests. 

Apron.  A  plain  or  molded  piece  of  iinish  below  the  stool  of  a  wicdov,  ] 
on  to  cover  the  rough  edge  of  the  plastering. 

Apae.     The  semicircular  or  polygonal  termination  to  the  chancd  of  a  cbr 

Aptenl.    A  temple  without  colimins  on  the  flanks  or  sides. 

Aqueduct.  An  artificial  canal  for  the  convejrance  of  water,  either  abow 
under  ground.    The  Roman  aqueducts  are  mostly  of  the  former  ooostnictiia. 

Arabeeqiie.  A  building  after  the  manner  of  the  .Arabs.  Ornaments  vsd\ 
the  same  i)eople,  in  which  no  human  or  animal  figures  appear. 
Arabesque  is  sometimes  improperly  used  to  denote  a  species  of  or- 
naments composed  of  capricious  fantastics  and  imaginary  repre- 
sentations of  animals  and  foliage  so  much  employed  by  the  Romans 
in  the  decorations  of  walls  and  ceilings. 

Arabian  Architecture.  A  style  of  architecture  the  rudiments 
of  which  appear  to  have  been  taken  from  surrounding  nations,  the 
Egyptians,  Syrians,  Chaldeans^  and  Persians.  The  best  preserved 
specimens  partake  chiefly  of  the  Grxco-Roman,  Byzantine,  and 
Egyptian.  It  is  supposed  that  they  constructed  many  of  their  finest 
buildings  from  the  ruins  of  ancient  cities. 

Arsostyle.  That  style  of  building  in  which  the  columns  are 
distant  from  one  another  from  four  to  five  diameters.  Strictly 
speaking,  the  term  should  be  limited  to  intercolumniatlon  of  four 
diameters,  which  is  only  suited  to  the  Tuscan  order. 

AiBosyatyloe.  That  style  of  building  in  which  four  cohmms  »MMse¥\ 
are  u&ed  in  the  space  of  eight  diameters  and  a  half;   the  central  { 


Lrbaraa.    Luft  bronie  candelabra.  In  the  dupe  at  i  tre^  placed  on  tbr  Rnor 
indait  churches,  30  as  to  appear  grofriiig  out  oi  it. 
LtguI*.    Arangeofaicbes,  supported dlher  1 
Colunms  or  on  pien,  and  detached  0[  attached   1 
thewaU. 

\rtb.  In  building,  a  mechanical  arranse- 
nt  of  buildinB  materials  airanged  in  the  form 
1  curve,  which  presetves  a  given  form  when 
Utins  presBure,  and  enables  them,  supported 
[Hen  or  abutments,  to  carry  weights  and 
ist  preaBOR. 

Irch-battreaa.    Sometimes  called  a  flying  akcadk 

.tressi  ao  arch  spriosing  from  a  buttress  or  pier. 

IrcbitiBTe.  That  part  of  an  entablature  which  rests  upon  the  caiutal  of  a 
imui,  and  is  beneath  the  fiieie. 

Lrchitrara  Conuca.  An  entablature  conaMing  of  an  aichitraive  and  (xt- 
t,  without  the  iaterveutiiMi  of  the  fiieie,  sometimes  introduced  when  iccon- 
icDt  to  give  the  entablature  the  usual  lidgbt- 

krcUtTBTa  of  ■  Door.  The  Gnlshad  work  sunoundins  tbe  aperture;  the 
>er  part  of  the  lintel  is  called  the  travcne;  and  the  sides,  the  iambs. 
LichiToa.  A  repertory  or  closet  for  the  pteseivatioa  of  wiitiii|i  01  recoids. 
tichlTolt.  A  collection  of  memben  fonning  the  inner  contour  of  an  arcl^ 
(  bond  or  frame  ad(»tied  with  moldingi  running  over  the  facea  or  the  arch' 
3es,  and  bearing  upon  the  imposts. 

ktaa.  The  superSdal  contents  of  any  figure;  an  open  apace  or  court  within 
uilding;  also,  an  uncovered  space  surrounding  the  foundaUon  walls  to  give 
.t  to  the  basonent. 

irena.  The  plain  space  in  the  middle  of  the  amphitheater  or  other  place  of 
4Icrew>rt. 

kitla.    The  meeting  of  two  surfaces  producing  an  angle. 
ftenal.    A  public  storehouse  for  arms  and  ammunition. 
.rtificer.  or  ArtUan.     A  person  who  worts  with  his  hands,  and  manufac- 
s  any  commodity  in  iron,  brass,  wood,  etc. 

^ar,  or  Ashler.  A  lacing  made  of  squared  stones,  or  a  facing  made  of 
i  ^bs,  used  to  cover  walls  ol  hrick  or  rubble.  Caursei!  aiA/ur  is  where  Ihe 
>es  run  in  level  courses  all  around  the  building;  raadi>m  asklai,  where  the 
les  are  of  dilTerenl  heights,  but  level  beds.  Common  freestones  of  small 
\  as  they  come  from  the  quarry,  are  also  called  ashlar. 

a^ialtom.     A  kind  of  bituminous  stone,  principally  found  io  the  province 
feulcbatel.     Mixed  with  stone,  it  foinu  an  excellent  cement,   incorruptible 
■ii  and  impenetrable  by  water. 
Jbagal.     A  small  semicircular  molding,  sometimes  plain  and  sometimes 
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AtiaseSt  or  Atlantes.    Figures  or  half-figures  of  men,  used  insteidati 
umns  or  pilasters  to  support  an  entablature; 
called  also  Telamones.  C 

Atrium.  A  court  in  the  interior  division  oC 
Roman  houses. 

Attached  Columns.  Those  which  project 
three-fourths  of  their  diameter  from  the  walL 

Attic.  A  low  story  above  an  entablature,  or 
above  a  cornice  which  limits  tbe  height  of  the 
main  part  of  an  elevation.  Although  the  term  is 
evidently  derived  from  the  Greek,  we  find  noth- 
ing exactly  answering  to  it  in  Greel^  architec- 
ture; but  it  is  very  common  in  both  Roman  and 
Italian  practice.  What  are  otherwise  called 
thoiobates  in  St.  Peter's  and  St.  Paul's  Cathe- 
drals are  frequently  termed  attics. 

Attic  Order.  A  term  used  to  denote  the  low  pilasters  employed  in  i 
decoration  of  an  attic  story. 

.Attributes.  In  painting  and  sculpture,  symbols  given  to  figures  and  stitt 
to  indicate  their  office  and  character. 

Auditory.  In  ancient  churches,  that  part  of  the  church  ?rfiexe  tbe  pe^ 
usually  stood  to  be  instructed  in  the  Gospel,  now  called  the  nave. 

Aula.    A  court  or  hall  in  ancient  Roman  houses. 

Aviary.    A  large  apartment  for  breeding  birds. 

Axis.  The  spindle  or  center  of  any  rotative  motion.  In  a  sphere,  an  iau 
inary  line  through  the  center. 

Back-cboir.  A  place  behind  the  altar  in  the  principal  choir,  in  which  thd 
is,  or  was,  a  small  altar  standing  back  to  back  with  the  former. 

Backing  of  a  Rafter  or  Rib.  The  forming  of  an  upper  or  outer  isftfl 
that  it  may  range  with  the  edges  of  the  ribs  or  rafters  on  either  side. 

Backing  of  a  Wall.  The  rough  inner  face  of  a  wall;  earth  deposited  hAm 
a  retaining  wall,  etc. 

Back  of  a  Window.  That  piece  of  wainscoting  which  is  between  the  baiti 
of  the  sash  frame  and  the  floor. 

Balcony.    A  projection  from  the  face  of  a  waU,  supported  by  oolumns  or  1 

soles,  and  usually  surrounded  by  a  balustrade. 

Baldachin.  A  building  in  the  form  of  a  canopy,  supported  with  oolama^fl 
serving  as  a  crown  or  covering  to  an  altar. 

Baluster.  A  small  pillar  or  coiunm,  supporting  a  rail, 
of  various  forms,  used  in  balustrades. 

Baluster  Shaft.  The  shaft  dividing  a  window  in  Saxon 
architecture.  At  St.  -Albans  are  some  of  these  shafts,  evi- 
dently out  of  the  old  Saxon  church,  which  have  been  fixed 
up  with  Norman  capitals. 

Balustrsde.    A  series  of  balusters  connected  by  a  raQ. 

Band.  A  sort  of  flat  friease  or  fascia  running  horizon- 
tally round  a  tower  or  other  parts  of  a  building,  particu- 
larly the  base  tables  in  perpendicular  work,  commonly  used 
with  the  long  shafts  characteristic  of  the  thirteenth  cen- 
tury.   It  generally  has  a  bold,  projecting  molding  above 
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id  below,  and  is  carved  sometimes  with  folia^es^  but  in  general  with  cusped 
rdes,  or  quatrefoils^  in  which  frequently  are  shields  of  arms. 

Band  of  a  Colunm.  A  series  of  annulets  and  hollows  going  round  the  middle 
the  shafts  of  columns,  and  sometimes  of  the  entire  pier.  They  are  often  beau- 
iully  carved  with  foliages,  etc.,  as  at  Amiens.  In  several  cathedrals  there  are 
igs  of  bronze  apparently  covering  the  junction  of  the  frusta  of  the  columns. 
;  Worcester  and  Westminster  they  appear  to  have  been  gilt;  they  are  there 
[>re  properly  called  Shaft-rings. 

Baptistery.  A  separate  building  to  contain  the  font,  for  the  rite  of  baptism. 
ity  are  frequent  on  the  Continent;  that  at  Rome,  near  St.  John  Lateran,  and 
oae  at  Florence,  Pisa,  Pavia,  etc.,  are  all  well-known  examples.  The  only  ex- 
iples  in  England  are  at  Cranbrook  and  Canterbury;  the  latter,  however,  is 
pposed  to  have  been  originally  part  of  the  treasury. 

Barbican.  An  outwork  for  the  defence  of  a  gate  or  drawbridge;  also,  a  sort 
pent-house  or  construction  of  timber  to  shelter  warders  or  sentries  from  arrows 
other  missiles. 

Barge  Board.    See  Verge  Board. 

Bartizan. .  A  small  turret,  corbeled  out  at  the  angle  of  a  wall  or  tower,  to  pro- 

:t  a  warder  and  enable  him  to  see  around  him. 

ley  generally  are  furnished  with  oylets  or  arrow- 

ts. 

Basement.    The  lower  part  of  a  building,  usu- 

y  in  part  below  the  grade  of  the  lot  or  street. 

Base    Moldings.    The  moldings  immediatdy 
ove  the  plinth  of  a  wall,  pillar,  or  pedestal. 

Base  of  a  Column.    That  part  which  is  between  bartizan 

t  shaft  and  the  pedestal,  or,  if  there  be  no  pedes- 

I,  between  the  shaft  and  the  plinth.    The  Grecian  Doric  had  no  base,  and  the 

iscan  has  only  a  single  torus,  or  a  plinth. 

Basilica.  A  term  given  by  the  Greeks  and  Romans  to  the  public  buildings 
voted  to  judicial  purposes. 

Bas-relief.    See  Basso-rUievo. 

Basse-cour.  A  court  separated  from  the  principal  one,  and  destined  for 
ibles,  etc. 

Basso-rilievo,  or  Bas-relief.  The  representations  of  figures  projected  from 
background  without  being  detached  from  it.  It  is  divided  into  three  parts: 
to-rilievo,  when  the  figure  projects  more  than  one-half;  Mezzo-rilievo,  that  in 
lich  the  fiigure  projects  one- half ;  and  Basso-rilievo,  when  the  projection  of  the 
fire  is  less  than  one-half,  as  in  coins. 

Bat.    A  part  of  a  brick. 

Batten.  Small  scantlings,  or  small  strips  of  boards,  used  for  various  purposes. 
lall  strips  put  over  the  joints  of  sheathing  to  keep  out  the  weather. 

Batten-door.  A  door  made  of  sheathing,  secured  by  strips  of  board,  put 
>6sways,  and  nailed  with  clinched  nails. 

Batter.  A  term  used  by  bricklayers,  carpenters,  etc.,  to  signify  a  wall,  piece 
timber,  or  other  material,  which  does  not  stand  upright,  but  inclines  from  you 
len  you  stand  before  it;  but  when,  on  the  contrary,  it  leans  toward  you,  it  is 
d  to  overhang. 
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Bftttiemient.  A  parapet  with  a  series  of  notches  In  it,  from  whicfa  anonsar 
be  shot,  or  other  instruments  of  defence 
hurled  on  besiegers.  The  raised  portions 
are  called  merlons;  and  the  notches,  em- 
brasures or  crenelles.  The  former  were 
intended  to  cover  the  soldier  while  dis- 
charging his  weapon  through  the  latter. 
Their  use  is  of  great  antiquity;  they  are 
found  in  the  sculptures  of  Nineveh,  in  the 
tombs  of  Bgypt,  and  on  the  famous  Fran-  battlement 

^013  vase,  where  there  is  a  delineation  of 

the  siege  of  Troy.  In  ecclesiastical  architecture  the  early  battlements  hive  sJ 
shallow  embrasures  at  some  distance  apart.  In  the  Decorated  period  tky  ■ 
closer  together,  and  deeper,  and  the  mc^ings  on  the  top  c^  the  mcrkn  aiad  b* 
tom  of  the  embrasure  are  richer.  During  this  period,  and  the  early  pan  d  9 
Perpendicular,  the  sides  or  cheeks  of  the  embrasures  are  perfectly  sqmie  d 
plain.  In  later  times  the  moldings  were  continued  round  the  sides,  as  ir£  i 
at  top  and  bottom,  mitring  at  the  angles,  as  over  the  doorway  of  MagdafenOI 
lege,  Oxford,  England.  The  battlements  of  the  Decorated  and  later  pexiodiH 
often  richly  ornamented  by  paneUng,  as  in  the  last  ezanqile.  In  cssbdhia 
work  the  merlons  are  often  pierced  by  narrow  arrow-slits.  (See  Oyiei.)  h 
South  Italy  some  battlements  are  found  strongly  resembUflg  tlftose  d  <M  fida 
and  Pompeii;  in  the  Continental  ecclesiastical  architecture,  the  parapets  are  voq 
rarely  embattled. 

Bay.  Any  division  or  compartment  of  an  arcade,  roof,  etc.  Tims  cadi  ^ao 
from  pillar  to  pillar,  in  a  cathedral,  is  called  a  bay,  or  severy. 

Bay  Window.  Any  window  piojectiiig  outward  from  the  wafl  of  a  hoiMht 
either  square  or  polygonal  on  plan,  aiid  commencing  from  the  giowid.  If  tkr; 
are  carried  on  projecting  corbels,  they  are  called  Oriel  windows.  Their  oseseai 
to  have  been  confined  to  the  later  periods.  In  the  Tudor  and  Elinhrthan  styie 
they  are  often  semicircular  in  plan,  in  which  case  some  think  it  more  comet « 
call  them  Bow  Windows. 

Bazaar.    A  kind  of  Eastern  mart,  of  Arabic  origin. 

Bead.  A  circular  molding.  When  several  are  joined,  it  is  called  HmSh 
when  flush  with  the  surface,  it  is  called  Quirk-bead;  and  when  raised.  Cock-bed 

Beam.  A  piece  of  timber,  iron,  stone,  or  other  material,  placed  horiaowt^ 
or  nearly  so,  to  support  a  load  over  an  opening,  or  from  post  to  post. 

Bearing.    The  portion  of  a  beam,  truas^  etc,  that  rests  on  the  supports. 

Bearing  Wall,  or  PartitiMi.  A  wall  which  supports  the  floors  and  ncfai 
a  building. 

Beauf et,  or  Buffet.  A  small  cupboard,  or  cabinet,  to  contain  duna.  It  m 
either  be  built  into  a  wall,  or  be  a  separate  piece  of  fumituie. 

Bed.    In  bricklaying  and  masonry,  the  horizontal  surfaces  on  wfaidi  the  sine 

or  bricks  of  walls  lie  in  courses. 

Bed  of  a  Slate.    The  lower  side. 

Bed  Moldings.  Those  moldings  in  all  the  orders  between  the  oomn  0 
frieze. 

Belfry.  Properly  speaking,  a  detached  tower  or  campanile  contdninf  bA 
as  at  Evesham,  England,  but  more  generally  applied  to  the  tinging-RMiB  crM 

of  the  tower  of  a  church.     See  Tower. 
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Bell-cot,  Bell-gable,  or  BeU-turret.  The  place  where  one  or  more  bells  are 
lung  in  chapels,  or  small  churches  which  have  no  towers.  BeU-K:ots  are  some* 
:Imes  double,  as  at  Northborough  and  Coxwell,  England;  a  very  common  form 
n  France  and  Switzerland  admits  of  three  bells.  In  these  countries,  also,  they 
ire  frequently  of  wood,  and  attached  to  the  ridge.  Those  which  stand  on  the 
{able,  (fividing  the  nave  from  the  chancel,  are  generally  called  Sanctus  Bells.  .\ 
ftry  curious  and,  it  is  believed,  unique  example  at  Cleves  Abbey,  England,  juts 
mt  from  the  wall.  In  later  times  bell-turrets  were  much  ornamented;  these  are 
>f  ten  called  Filches. 

Bell  of  a  Capital.  In  Gothic  work,  immediately  above  the  necking  is  a  deep, 
lollow  curve;  this  is  called  the  bell  of  a  capital.  It  is  often  enriched  with  foli- 
iges.    It  is  also  applied  to  the  body  of  the  Corinthian  and  Composite  capitals. 

Belt.  A  course  of  stones  or  brick  projecting  from  a  brick  or  stone  wall,  gen* 
irally  placed  in  a  line  with  the  sills  of  the  windows;  it  is  either  molded,  fluted, 
>lane,  or  enriched  with  patras  at  regular  intervals.  Sometimes  called  Stone 
itring. 

Belvedere,  or  Look-out.  A  tuziet  or  lantern  raised  above  the  roof  of  an 
tbservatory  for  the  purpose  of  enjoying  a  fine  psoagect. 

Benuu  The  semicircular  recess,  or  heacedra,  in  the  basilica,  where  the  judges 
at,  and  where  in  after-times  the  altar  was  placed.  It  generally  is  roofed  with  a 
lalf-dome  or  concha.  The  seats  of  the  priests  were  against  the  wall,  looking  into 
he  body  of  the  church,  that  of  the  bishop  being  in  the  center.  The  bema 
s  genersilly  ascended  by  steps,  and  railed  o£f  by  cancelli. 

Bench  Table.  The  stone  seat  which  runs  round  the  walls  of  large  churches, 
ad  sometimes  round  the  piers;  it  very  generally  is  placed  in  the  porches. 

Berel.  An  instrimient  for  taking  angles.  One  side  of  a  solid  body  is  said  to 
c  beveled  with  respect  to  another,  when  the  angle  contained  between  those  two 
Ides  is  greater  or  less  than  a  right  angle. 

Bezantee.  A  name  given  to  an  ornamental  molding  much  used  in  the  Nor* 
lan  period,  resembling  beeants,  coins  struck  in  Byzantium. 

Billet.  A  species  of  ornamented  molding  much  used  in  Norman,  and  some* 
imes  in  Early  English  work,  like  short  pieces  of  stick  cut  off  and  arranged  alter* 
ately. 

Blockiiig,  or  Blocking-course.  In  masonry,  a  course  of  stones  placed  on 
Ik  top  of  a  cornice  crowning  the  walls. 

Bond.  In  bricklaying  and  masonry,  that  connection  between  bricks  or  stones 
>ni)ed  by  lapping  them  upon  one  another  in  carrying  up  the  work,  so  as  to  form 
a  inseparable  mass  of  building,  by  preventing  the  vertical  joints  falling  over 
ich  other.  In  brickwork  there  are  several  kinds  of  bond.  In  common  brick 
alls  in  every  sixth  or  seventh  course  the  bricks  are  laid  crossways  of  the  wall, 
Uled  Headers.  In  face  work,  the  back  of  the  face  brick  is  clipped  so  as  to  get 
I  a  diagonal  course  of  headers  behind.  In  Old  English  bond,  every  alternate 
mrse  is  a  header  course.  In  Flemish  bond,  a  header  and  stretcher  alternate 
L  each  course. 

Bond-stones.  Stones  running  through  the  thickness  of  the  wall  at  right 
igles  to  its  face,  in  order  to  bind  it  together. 

Bond-timbers.  Tim]>ers  placed  in  a  horizontal  direction  in  the  walls  of  a 
■ick  building  in  tiers^  and  to  which  the  battens,  laths,  etc.,  are  secured.  In  rub- 
e  work,  walls  are  better  plugged  for  this  purpose. 

Border.    Useful  ornamental  pieces  around  the  edge  of  anything. 
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Boss.  An  ornament,  generally  carved,  fonning  the  key>8tcme  at  the  intosc 
tion  of  the  ribs  of  a  groined  vault.  Early  Norman  vaults  have  no  b(»ses.  Ik 
carving  is  generally  foliage,  and  resembles  that  of  the  period  in  capita^  el 
Sometimes  they  have  human  heads,  as  at  Notre  Dame  at  Paris^  and  somcdiDe 
grotesque  figures.   In  Later  Gothic  vaulting  there  are  bosses  at  evciy  interxdn 

BouteU.  The  medieval  term  for  a  round  molding,  or  torus.  Wbeni 
follows  a  curve,  as  round  a  bench  end,  it  is  called  a  Roving  BoutelL    | 

Bow.  Any  projecting  part  of  a  building  in  the  form  of  an  arc  of  a  drde.  i 
bow,  however,  is  sometimes  polygonal. 

Bow  Window.    A  window  placed  in  the  bow  of  a  building. 

Brace.  In  carpentry,  an  inclined  piece  of  timber,  used  in  trussed  pardticcs 
or  in  framed  roofs,  in  order  to  form  a  triangle,  and  thereby  stiffen  the  tnnatt 
When  a  brace  is  used  by  way  of  support  to  a  rafter,  it  is  called  a  strut,  firaai 
in  partitions  and  span-roofs  are,  or  always  should  be,  disposed  in  paia,  aai 
introduced  in  opposite  directions. 

Brace  Mold.  [ {]  Two  ressaunts  or  ogees  tuiitcd  together  like  a  bract  s 
printing,  sometimes  with  a  small  bead  between  them. 

Bracket.  A  projecting  ornament  canying  a  cornice.  Those  whidi  sappor 
vaulting  shafts  or  cross  springers  of  a  roof  are  more  generally  called  Corixk 

Break.    Any  projection  from  the  general  surface  of  a  buOding. 

Breaking  Joint.  The  arrangement  of  stones  or  bricks  so  as  not  to  albi 
two  joints  to  come  immediately  over  each  other.    See  Bond. 

Breast  of  a  Window.  The  masonry  forming  the  back 
of  the  recess  and  the  parapet  under  the  window-sill. 

Bressummer.  A  lintel,  beam,  or  iron  tie,  intended  to 
carry  an  external  wall  and  itself  supported  by  piers  or 
posts;  used  principally  over  shop  windows.  This  term 
is  now  seldom  used,  the  word  beamf  or  girder,  taking  its 
place. 

Bridging.  ^A  method  of  stiffening  floor  joist  and  {Murti- 
tion  studs,  by  cutting  pieces  in  between.  Cross  bridging 
of  floor  joist  is  illustrated  in  cut. 

Bulwark.  In  andent  fortification,  neariy  the  same  as 
Bastion  in  modem. 

I    Burse,  or  Bourse.    A  public  edifice  'for  the  assembly  of  merdiant  tiade' 
an  exchange. 

Bust.    In   sculpture,   that  portion  of  the  human  figure 
which  comprises  the  head,  neck,  and  shoulders. 

Buttery.    A  store-room  for  pro\'isions. 

Butt-joint.    Where  the  ends  of  two  fueces  of  timber  or 
molding  butt  together. 

;  Buttress.  Masonry  projecting  from  a  wall,  and  intended 
to  strengthenTthe  same  against  the  thrust  of  a  roof  or  vaulL 
Buttresses  are  no  doubt  derived  from  the  classic  pilasters  which 
serve  to  strengthen  walls  where  there  is  a  pressure  of  a  girder 
or  roof-timber.  In  very  early  work  they  have  IRtle  projection, 
and,  in  fact,  are  "  strippilasters."  In  Norman  work  they  arc 
wider,  with  very  little  projection,  and  generally  stop  under  a 
cornice  or  corbel  table.  Early  Engh'sh  buttresses  project  con- 
siderably, sometimes  with  deep  sloping  weatherings  in  several 
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Stages,  and  sometimes  with  gabled  heads.  Sometimes  they  are  chamfered,  and 
sometimes  the  aiigles  have  jamb  shafts.  At  Wells  and  Salisbuiy,  England, 
they  are  richly  ornamented  with  canopies  and  statues.  In  the  Decorated  period 
they  became  richly  paneled  in  stages,  and  often  finish  with  niches  and  statues 
uid  elegantly  carved  and  crocketed  gablets,  as  at  York,  England.  In  the 
Perpendicular  period  the  weatherings  became  waved,  and  they  frequently 
terminate  with  niches  and  pinnacles. 

Buttress,  Flying.    A  detached  buttress  or  pier  of  masonry  at  some  distance 
from  a  wall,*  and  connected  therewith  by  an  arch  or  por- 
tion of  an  arch,  so  as  to  discharge  the  thrust  of  a  roof  or 
irault  on  some  strong  point. 

Buttress  Shafts.  Slender  columns  at  the  angle  of 
buttresses,  chiefly  used  in  the  Early  English  period. 

Byzantine  Architecture.  A  style  developed  m  the 
Byzantine  Empire.  The  capitals  of  the  pillars  are  of 
endless  variety  and  full  of  invention;  some  are  founded 
3n  the  Greek  Corinthian,  some  resemble  the  Norman 
md  the  Lombard  style,  and  are  so  varied  that  no  two  sides 
of  the  same  capital  are  alike.  They  are  comprised  under 
the  style  Romanesque,  which  comprehends  the  round- 
irch  style.  Bjrzantine  architecture  reached  its  height  in 
the  Church  of  St.  Sophia  at  Constantinople. 

Cabinet.  A  highly  ornamented  kind  of  buffet  (X  chest  of  drawers  set  apart 
for  the  preservation  of  things  of  value.  ■<-^i 

Cabling.  The  flutes  of  columns  are  said  to  be  cabled  when  they  are  partly 
Bocupied  by  solid  convex  masses^  or  appear  to  be  re&iled  with  cylinders  after 
they  had  been  formed. 

Caduceus.    Mercury's  rod,  a  wand  entwfaied  by  two  serpents  and  surmounted 
by  two  wings.    The  rod  represents  power;  the  serpents,  wisdom; 
ind  the  wings^  diligence  and  activity. 

Caisson.  A  panel  sunk  below  the  surface  in  flat  or  vaulted  ceQ- 
bgs.     See  Cassoon 

Caisson.  In  bridge  building,  a  chest  or  vessel  in  which  the  piers 
>f  a  bridge  are  built,  gradually  sinking  as  the  work  advances  till  its 
bottom  comes  in  contact  with  the  bed  of  the  river,  and  then  the 
ades  are  disengaged,  being  so  constructed  as  to  allow  of  their  being 
hus  detached  without  injury  to  its  floor  or  bottom. 

Caliber,  or  Caliper.  The  diameter  of  any  round  body;  the  width 
>f  the  mouth  of  a  piece  of  ordnance. 

Camber.  In  carpentry,  the  convexity  of  a  beam  upon  the  surface, 
n  order  to  prevent  its  becoming  concave  by  its  own  weight,  or  by 
he  burden  it  may  have  to  sustain. 

Campanile.  A  name  given  in  Italy  to  the  bell-tower  of  a  town-hall  or  church. 
h  that  country  this  b  almost  always  detached  from  the  latter. 

Candelabrum.  Stand  or  support  on  which  the  ancients  placed  their  lamps, 
i^andelabra  were  made  in  a  variety  of  shapes  and  with  much  taste  and  elegance, 
rhe  term  is  also  used  to  denote  a  tall  ornamental  candlestick  with  several  arms, 
tr  a  bracket  with  arms  for  candles. 

Canopy.  The  upper  part  or  cover  of  a  niche,  or  the  projection  or  ornament 
ver  an  altar,  seat,  or  tomb.    The  word  is  supposed  to  be  derived  from  cono- 
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pKum,  «lie  9»uae  covering  over  n  bed  to  Jceep  ivff  the  ifMits;  a  inosgrflo  cortM 
Early  Bnglisb  caDOpies  are  generally  skaple,  iritk  trefoiled  or  cmqw-fofled  Mi 
ImiI  in  tiK  later  styles  they  are  vety  lidi,  and  divi^ted  into  coiUjpartiMats  ^ 
pendants,  knots,  pinnacles,  etc.  The  triangular  arrangement  over  an  Euiy  Et 
lidh  atid  Deoonited  doorway  is  often  called  a  canopy.  The  triadgukr  cacflpe 
in  tlK  North  of  Italy  &rt  peculiar.  Those  in  England  ere  g^taiSy  part  of  ts 
arrangement  of  the  arch  moldings  of  the  door,  and  form,  as  it  were,  tk  bi 
molds  to  them,  as  at  York.  The  ionner  are  above  and  independent  o<  die  d« 
moldings,  and  frequently  support  an  arch  with  a  t>'mpanum,  above  whkk  is  i 
triangular  canopy,  as  in  the  Duomo  at  Florence.  Sometimes  the  caaopsr  ai 
arch  project  from  the  wall,  and  are  carried  on  small  jamb  shaf ta^  as  at  Saa  Fie» 
Martiro  at  Verona.  Canopies  are  often  used  over  window^  as  at  Yoii  Wasus 
over  the  great  west  window,  and  lower  ties  in  the  towers.  These  are  trangnb: 
while  the  upper  windows  in  the  towers  have  ogee  canopies.  .., 

Caipltal.  The  upper  part  of  a  column,  pilaster,  pier,  etc.  Capitals  have  ha 
used  in  every  style  down  to  the  present  time.  That  mostly  used  by  the  £o?- 
tians  was  bell-shaped,  with  or  without  ornaments.  The  Persians  used  the  d(wil■^ 
headed  bell,  forming  a  kind  of  bracket  capital.  The  Assjrrians  apparently  miot 
use  of  the  Ionic  and  Corinthian,  which  were  developed  by  the  Greek;,  R(ni& 
and  Italians  into  their  present  well-known  forms.  The  Doric  was  apparently  a 
invention  or  adaptation  by  the  Greeks,  and  was  altered  by  the  Romans  loj 
Italians.  But  in  all  these  examples,  both  ancient  and  modem,  the  capitakof  aa 
order  are  all  of  the  same  form  throughout  the  same  building,  so  that  if  one  b 
seen  the  form  of  all  the  others  is  known.  The  Romanesque  atthitects  aheicd 
all  this,  and  in  the  carving  of  their  capitals  often  introduced  such  figuns  sA 
emblems  as  helped  to  tell  the  story  of  tfadr  building.  Another  form  wuintn- 
duced  by  them  in  the  curtain  capital,  rude  at  first,  but  afterward  liigUy  dco- 
rated.  It  evidently  took  its  origin  from  the  cutting  off  of  the  lower  ao^di 
square  block,  and  then  rounding  them  <^.  The  process  may  be  distinct^  ata, 
in  its  several  stages,  in  Mayence  Cathedral.  But  this  form  of  capital  msBkaii 
fully  developed  by  the  Normans,  with  whom  it  became  a  marked  fcatme.  b 
the  early  English  capitals  a  peculiar  flower  of  three  or  more  lobes  was  vsd 
spreading  from  the  necking  upward  in  most  graceful  forms.  In  Decorated  aai 
Perpendicular  styles  this  was  abandoned  in  favor  of  more  realistic  fonns  i 
crumpled  leaves,  enclosing  the  bdl  like  a  wreath.  In  each  style  bdd  ahk"3 
moldings  were  always  used,  whether  with  or  without  foliage. 

Carayansary.  A  huge,  square  building,  or  inn,  in  the  East,  for  the  reoeptis 
of  travelers  and  lodging  of  caravans. 

Carriage.    The  timber  or  iron  joist  which  supports  the  steps  of  a  wooden  tost 

Carton,  or  Cartoon.  A  design  made  on  strong  paper,  to  be 
transferred  on  the  fresh  plaster  wall  to  be  afterward  painted  in 
fresco;  also,  a  colored  design  for  working  in  mosaic  tapestzy. 

Cartouche.  An  ornament  which  like  an  escutcheon,  a  shield 
or  an  oval  or  oblong  panel  has  the  central  part  plain,  and  usually 
slightly  convex,  to  receive  an  inscription,  armorial  bearings,  or  an 
ornamental  or  significant  piece  of  painting  or  sculpture.  Frcquaitly 
used  in  French  Renaissance  and  Modem  Architecture. 

Caryatides.  Human  female  figiires  used  as  piers,  columns,  or 
supports.  Caryaiic  is  applied  to  the  human  figure  generally,  when 
used  in  the  manner  of  caryatides. 

Caaed.    Covered  with  other  material  generally  of  a  better  „^jj 
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CaaemMit.  A  fifbus  frame  which  is  iziade  to  open  by  turning  on  faiages 
i&xed  to  its  vertical  edges. 

Cassoon,  or  CaiMon.  A  deep  panel  orcofifer  in  a  soffit  or  ceiling.  This 
trm  i*  aometizMB  written  in  the  French  form,  caisson;  sometimes  derived 
irect^  from  the  Italian  cassone^  the  augmentative  of  caasa,  a  chest  or  coffer. 

Cast.  A  term  used  in  sculpture  for  the  impression  of  any  figure  taken  in 
laster  of  Paris,  wax,  or  other  substances. 

Catacombs.  Subterranean  places  for  burying  the  dead.  Those  of  Egypt, 
id  near  Rome,  are  believed  to  be  the  most  important. 

Catafalco.    An  ornamental  scaffold  used  in  funeral  solemnities. 

Cathedral.    The  principal  church,  where  the  bishop  has  his  seat  as  diocesan. 

CatiUcttlttS.  The  inner  scroll  of  the  Corinthian  capital.  It  is  not  unconunour 
>wever,  to  apply  this  term  to  the  larger  scrolls  or  volutes  also. 

Causeway.    A  raised  or  paved  way. 

Cavetto.  A  concave  ornamental  molding,  opposed  in  effect  to  the  ovolo — 
le  quadrant  of  a  drcle. 

Ceiliiig.  That  covering  of  a  room  which  hides  the  joists  of  the  floor  above, 
:  the  rafters  of  the  roof  Most  European  churches  either  have  open  roofs,  or 
:e  groined  in  stone.  At  Peterborough  and  St.  Albans,  England,  there  are  very 
d  flat  ceilings  of  .boards  curiously  painted.  In  later  times  the  boarded  ceifings, 
id,  in  fact,  some  of  those  of  plaster,  have  molded  ribs,  locked  with  bosses  at 
le  intersection,  and  axe  sometimes  elaborately  carved.  In  many  English 
lurches  there  are  ceilings  formed  of  oak  ribs,  filled  in  at  the  spandrels 
ith  narrow,  thin  pieces  of  board,  in  estact  imitation  of  stone  groining.  In 
le  Elisabethan  and  subsequent  periods  the  ceilings  are  enriched  with 
ost  elaborate  ornaments  in  stucco.  Matched  and  beaded  boards,  planed 
id  smoothed,  used  for  wainscoting.  In  the  New  England  States  it  is  called 
leathing. 

Cenotaph.  An  honorary  tomb  or  monument,  distinguished  from  meoiuments 
I  being  empty,  the  individual  it  is  to  memorialize  haxing  received  interment 
sewhere. 

Centaar.  A  poetical  imaginary  being  of  heathen  mythology,  half-man  and 
Uf-horse. 

Cestring.    In  building,  the  frames  on  which  an  arch  is  turned. 

Chamfer,  Champf er,  or  Chaumf er.  When  the  edge  or  arris  of  -any  work  is 
It  off  at  an  angle  of  45^  in  a  small  degree,  it  is  said  to  be  chamfered;  if 
>  a  large  scale,  it  is  said  to  be  a  canted  comer.  The  chamfer  is  much  used  in 
lediseval  work,  and  is  sometimes  plain,  sometimes  hollowed  out,  and  sometimes 
tolded. 

ClMunf er  Stop.  Chamfers  sometimes  simply  run  into  the  arris  by  a  plane 
ice;  more  commonly  they  are  first  stopped  by  some  ornament,  as  by  a  bead; 
icy  are  sometimes  terminated  by  trefoUs,  or  cinque-foils,  double  or  angle,  and 
k  general  form  very  pleasing  features  in  mediaeval  architecture. 

Chancel.  A  place  separated  from  the  rest  of  a  church  by  a  screen.  The  word 
.  now  generally  used  to  signify  the  portion  of  an  Episcopal  or  CathoUc  church 
)ntaining  the  altar  and  conmiunion  table. 

Cluuitry.  A  sdisU  chapel,  generally  built  out  from  a  church.  They  generally 
>ntain  a  founder's  tomb,  and  are  often  endowed  places  where  masses  might 
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be  said  for  his  soul.  The  offidator,  or  mass  priest,  bcmg  often  ancooBBkt 
with  the  parochial  clergy.  The  chantry  has  generally  an  entFUKX  fno  tt 
outside. 

Chapel.  A  small,  detached  building  used  as  a  substitute  for  a  dmidiisi 
large  parish;  an  apartment  in  any  laiige  building,  a  palace,  a  nobleman's hoee,! 
hospital  or  prison,  used  for  public  worship;  or  an  attached  building  niiiiuis«i 
of  and  forming  part  of  a  large  church,  generally  dedicated  to  diffoat  stt^ 
each  having  its  own  altar,  pisdna,  etc.,  and  screened  off  from  the  bo^y  d  tae 
building. 

Chapter  House.  The  chamber  in'which  the  chapter  or  heads  of  the  mooa^ 
bodies  assembled  to  transact  business.  They  are  of  various  foaos;  some  m 
oblong  apartments,  some  octagonal,  and  some  circular. 

Chaptrel.  In  Gothic  architecture,  the  capital  of  a  pier  or  cofaum  iHad 
receives  an  arch. 

Chamel  House.  A  place  for  depositing  the  bones  which  might  be 
thrown  up  in  digging  graves.  Sometimes  it  was  a  portion  of  the 
crypt;  sometimes  it  was  a  separate  building  in  the  church-yaid; 
sometimes  chantry  chap)els  were  attached  to  these  buildings.  M. 
VioIIet-le-Duc  has  given  two  very  curious  examples  of  ossmoins  — 
one  from  Fleurance,  the  other  from  Faouet. 

Cherub — Gothic.  A  representation  of  an  infant's  head  Joined  to 
two  wingSt  used  in  the  churches  on  kQr<stones  of  arches  and  corbels. 

'    Chevron — Gothic.    An  ornament  turning  this  and  that  way,  like 
a  zigzag,  or  letter  Z. 

Chiaro-oscuro.    The  effects  of  light  and 
shade  in  a  picture. 

Choir.    That  part  of  a  church  or  monastery 
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where   the    breviary   service,   or    "horac,"    is 
chanted. 

'    Church.    A  building  for  the  performance  of 

public  worship.    The  first  churches  were  built  on  CHKVXON 

the  plan  of  the  ancient  basiliae,  and  afterward 

on  the  plan  of  a  cross:  a  church  is  said  to  be  in  Greek  cross  when  the  \bb^  '^ 

the  transverse  is  eqiud  to  that  of  the  nave;   in  Latin  cross,  when  the  vvci 

longer  than  the  transverse  part;  in  rotimdo,  when  it  is  a  perfect  drde;  sm(^ 

when  it  has  only  a  nave  and  choir;  with  aisles,  when  it  has  a  row  of  porticos  > 

form  of  vaulted  galleries,  with  chapels  in  its  circumference. 

Ciborium.    A  tabernacle  or  vaulted  canopy  supported  on  shafts  standias^ 
the  high  altar. 

Cincture.  A  ring,  list,  or  fillet  at  the  top  and  bottom  of  a 
column,  serving  to  divide  the  shaft  of  the  column  from  its 
capital  and  base. 

Cinque-foil.  A  sinking  or  perforation,  like  a  flower,  of 
five  points  or  leaves,  as  a  quatre-foil  is  of  four.  The  points 
are  sometimes  in  a  circle,  and  sometimes  form  the  cursing 
of  a  head. 

Civic  Crown.  A  garland  of  oak-leaves  and  acorns,  given 
as  honorary  distinction  among  the  Romans  to  sudi  as  had 
of  a  fellow-dtizen. 
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Cl«r«-Aar7,  drar-itory.  Wbeo  tbc  middle  of  the  luve  of  a  cliitKh  rises 
Mve  the  aisles  and  is  pieiced  with 
iodows,  the  upper  story  is  thus 
lUad.  Sometimes  these  windows 
re  very  small,  being  mere  quatre- 
lils,  or  spherical  triangles.  In  large 
luldings,  however,  tbey  are  impor- 
int  objects  both  for  beauty  and 
tility.  The  window  of  tlie  dere- 
jiries  of  Norman  work,  even  in  large 
lurches,  are  of  less  impoituice  than 
I  the  later  styles.  In  Early  English; 
ley  became  larger;  and  in  the  Deco- 
iled  they  are  more  important  stilt, 

imiui^hes.  In  Perpendicular  woric 
tie  latter  often  disappears  altogether, 
nd  in  many  later  churches  the  clere- 

be  word  ilere-slary  is  also  used  to 
enoCe  a  similar  method  of  lighting 
ther  buildings  be^des  churches,  es- 
edally  lactones,  depots,  sheds,  etc. 

Cloictar.  An  enclosed  square,  tike 
he  atrium  of  a  Roman  house,  with  a 
lalk  or  ambulatory  around,  Weltered 
y  a  roof,  generally  groined,  and  by 
racery  windows,  which  were  more 
r  less  glazed. 

Cioaa.     The  prednct  of  a  cathedral 

r  abbey.     Sometimes  the  walls  are  I  .      _  

raceable,     but     now    generally    the  Bott  Abtty 

oundary    is   only   known   by   tradi-  

an  n/mm  Bumcss  and  clere-stokv 

aoB«  string,  or  Box  Strlni.     A  .  A,  bottreas  mth  pimiade:  B,  ^rin^ 
lethod  of  finishing  the  outer  edge  of  *^*^    '?«?°^r.*?f~^^'-j-   ' 

.     .    ....  ,  „,„  .    vaulted  loof  of  aisle;  D  D,  pier  dividing 

«rs,  by  budding  up  «  »rt  ".f  curb  „»«*  from  ^sle;  E,  vaulted  Sof  ol  nav.^ 
:ring   on   which   the   balusters  set, 
nd  the  treads  and  risers  stop  against  it. 

Cla«t«r*d.  In  archllectur«,  the  coalition  oC  several  monbers 
bich  penetrate  each  other. 

Clualerad  Column.  Several  slender  pillars  attached  to  each 
Jier  so  as  to  form  one.  Tbe  term  is  used  in  Roman  architecture 
I  denote  two  or  four  columns  which  appear  to  intersect  each  otber 
'.  the  angle  of  a  building  to  answer  at  each  return. 

Coat.  A  tbickness  or  covering  of  paint,  plaster,  or  other  work, 
Jne  at  one  time.  The  6rst  coat  of  plastering  i?  called  the  scratch 
at,  the  second  coal  (when  there  are  three  coals)  is  called  the  brown 
■at.  and  the  last  coat  is  variously  known  as  tbe  slipped  coat, 
imcoat,   or  white  coat.    It  vanes  in  compostion  in  different 

Coflar.    A  deep  panel  b  a  ceiling. 


1810 


Glossary 


F^J 


Coffer  Dam.    A  frame  used  in  the  buildiiig  of  a  bridge  in  deep  vice 

similar  to  a  caisson. 

CoUsr  Beam.  A  beam  above  the  lower  ends  of  the  rafters,  and  spiled  s 
them. 

Colonnade,  A  row  of  columns.  The  colonnade  is  termed,  accon£i]{  !i 
the  number  of  columns  which  support  the  entablature:  Tetrastyle,  when  the 
are  four;  hexastyle,  when  six;  octostyle,  when  eight,  etc  When  in  fn»t  d  i 
building  they  are  termed  porticos;  when  surrounding  a  building,  peristyle;  cc 
when  double  or  more,  polystyle. 

Colosseum,  or  C<^eism.  The  immense  amphitheater  built  at  Rome  br 
Flavius  Vesfiasian,  A  d.  72,  after  his  return  from  his  victories  over  the  Jews,  k 
would  contain  ninety  thousand  persons  sitting,  and  twenty  tbA^i*^"'^  sibe 
standing.  The  name  is  now  employed 
to  denote  an  uniisually  large  audience 
building,  generally  of  a  temporary 
nature. 

Colossus.  The  name  of  a  brazen 
statue  which  was  erected  at  the 
entrance  of  the  harbor  at  Rhodes, 
one  hundred  and  five  feet  in  height. 
Vessels  could  sail  between  its  legs. 

Column.    A    round    pilUr.    The 
parts  are  the  base,  on  which  it  rests; 
its  body,  called  the  shaft;    and  the 
head,  called  the  capital.    The  capital 
finishes  with  a  horizontal  table,  called 
the  abacus,  and  the  base  commonly 
stands  on  another,  called  the  plinth.    - 
Columns  may  be  either  insulated  or    ^ 
attached.    They  are  said  to  be  at-   ^ 
tached  or  engaged  when  they  form 
part  of  a  wall,  projecting  one-half  or 
more,   but  not  the  whole,  of  their 
substance. 

Common.  A  line,  angle,  sur&ioe^ 
etc.,  which  belongs  equally  to  several 
objects.  Common  centring  Is  a  cen* 
tring  without  trusses,  having  a  tie 
beam  at  bottom.  Common  joists  are  ^^v;,,;^^ 
the  beams  in  naked  flooring  to  which  CA^"«aett 

the  joists  are  fixed.    Conmion  rafters 

in  a  roof  are  those  to  which  the  laths  are  attached. 

Composite  Arch.    Is  the  pomted  or  lancet  arch.  , 

Composite  Order.  The  most  elaborate  of  the  orders  of  dasaiol  ar* 
itecture. 

Compound  Arch.  A  usual  form  of  medieval  arch,  which  may  be  rf^j^ 
into  a  number  of  concentric  archways,  successively  placed  wthin  and  befasi 
each  other. 

Conduit.  A  long  narrow  passage  between  two  walls  or  undcrgnmod  it 
secret  communication  between  different  apartments;  also,  a  canal  or  pipe  Us  * 
conveyance  of  water. 
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riiiif»iiliiiwl     The  teat  where  a  priest  or  oonlnior  elU  Co  hear  eonlesdont 

Conia.    Another  name  for  the  echinus  or  qturtei  lound. 

CMUeTT«tOTT>  A  building  for  the  protection  and  rearing  o(  tender  plants, 
ften  attached  to  a  house  as  an  apartment.  Abo,  a  public  place  of  instruction. 
eslgiKd  to  pieaerve  and  periect  the  knowledge  of  some  branch  of  lelmine  or 
he  fiiM  arts;  u,  a  comtnctary  trf  miuic. 

CoulatOTT-    The  judicial  ball  of  the  College  of  Cardinals  at  Rome. 

Consol,  or  CMWola.  A  bracket  or  trues,  geueiatly  with  scrolls  or  vahites  at 
Ik  two  ends,  of  unequal  size  and  amtraated,  but 

(■mect«d  by  a  flowing  line  from  the  b*cl(  of  the  I 

pper  one  to  the  inner  convolving  face  of  the  lower.  I 

Coplnc.  The  capping  or  ajveriiig  of  a  wall.  Tbis 
I  of  ston«,  weitheml  to  throw  off  the  wtL  In  Noi- 
uui  times,  as  far  as  can  bejudged  from  the  little  there 
1  kft,  it  was  generally  plain  and  Sat,  and  projected 
ver  the  wall  with  a  Soating  to  form  a  drip.  Alter- 
■ard  it  assumed  a  torus  or  bowtell  at  the  top,  and  be-  cCMSOlxB 

•me  deeper,  and  In  the  Decorated  period  there  were 

eoemlly  •everal  iMa^fl.  The  copings  In  the  Perpendicular  period  asEumed 
imethiag  of  the  wavy  section  cS  the  irattms  caps,  and  mitred  round  the  sides 
f  the  embrasure,  as  well  as  the  top  and  bottom. 

CorbeL  The  name,  in  medizval  architecture,  for  a  piece  of  itone  jutting  out 
f  a  wall  to  carry  any  superincumbent  wetghL  A  piece  of  timi^et  projecting  in 
be  same  way  was  caUed  a  tassel  or  a  braggor.  Thus,  the  carved  ornaments  from 
ihich  the  vuulting  shafts  spring  at  Liocoln  are  corbels,  Norman  Corbels  are 
enerally  plain.  In  the  E^Iy  English  period  they  are  sometimes  elaborately 
arved.  Hiey  sometimes  end  with  a  point,  apparently  growing  into  the  wall. 
r  fomung  a  knot,  and  often  are  supported  by  angles  and  other  figures.  In  tbe 
Iter  pslods  the  foliage  or  ornaments  resemble  those  in  tbe  capitals.  In  modern 
rchitecture,  a  short  piece  of  stone  or  wood  projecting  from  a,  wall  to  form  a. 
upport,  gt&enUly  ornamented. 

CorbalOnt  To  buikl  out  one  or  more  courses  of  brick  or  stone  from  the  face 
it  a  wall,  to  form  a  support  for  timbers. 

Corbal  Table.  A  projecting  conike  or  parapet,  supported  by  a  range  of 
orbels  a  short  distance  apart,  which  carry  a  molding,  above  which  is  a  plain 
fcce  of  projecting  wall  foniiing  a  parapet,  and  covered  by  a  coping.  Sometimes 
maU  arches  are  thrown  across  from  coibcj  to  coibe],  to  carry  the  projection. 

Cornice.  The  projection  at  tbe  top  of  a  wall  finished  by  a  blocldng-courie, 
ommoQ  in  classic  architecture.  In  Norman  limes,  the  will  finished  with  a  cor- 
id  table,  which  carried  a  portion  of  plain  projecting  work,  which  was  finished 
ly  a  cojHag,  and  tbe  whole  formed  a  parapet.  In  Early  English  times  the  para- 
let  was  much  the  same,  but  the  work  was  eieciited  in  a  much  better  way,  espe- 
iaUy  the  small  arches  connecting  the  corbels.  In  the  Decorated  period  tlw  corbel 
able  was  nearly  abandoned,  and  a  large  hollow,  with  one  or  two  subordinate 
aoldings,  substituted;  this  is  sametimes  filled  with  the  ball-flowers,  and  some- 
imes  with  running  foliiges.  In  the  PerpendiculaT  style  the  parapet  frequently 
iid  not  project  beyond  the  wall-line  below;  the  molding  then  became  a  string 
though  often  improperly  called  a  conuce).  and  was  ornamented  by  a  quatce-foil. 
It  small  rosettes,  set  at  equal  intervals  immediately  under  tbe  battlements.  In 
Duiy  Frmch  examples  tbe  molded  string  is  veiy  bold,  and  enriched  with  foliage 
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Corona.    The  brow  of  the  cornice  which  projects  over  the  bed  molifiBpa 

throw  off  the  water. 

Corridor.  A  long  gallery  or  passage  in  a  mansion  connecting  various  ape- 
ments  and  running  round  a  quadrangle.     Any  long  passage-way  in  a  bnildas. 

Countersink.  To  make  a  cavity  for  the  reception  of  a  plate  of  iron,  or  ^ 
head  of  a  screw  or  bolt,  so  that  it  shall  not  project  beyond  the  face  of  the  ««ifc 

Coupled  Columns.    Columns  arranged  in  pairs. 

Course.    A  continued  layer  of  bricks  or  stones  in  buildings;  the  term  is  ib 

applicable  to  slates,  shingles,  etc. 

Court.  An  open  area  behind  a  house,  or  in  the  coiter  of  a  building  and  th 
wings.    Courts  admit  of  the  most  elegant  ornamentations^  such  as  aicades.  &l 

Cove  —  Coving.  The  molding  called  the  cavetto,  or  the  sootia  inverted,  a 
a  large  scale,  and  not  as  a  mere  molding  in  the  composition  of  a  cornice,  b  alii 
a  cove  or  a  coving. 

Cove-bracketing.  The  wooden  skeleton  mold  or  framing  of  a  cove,  sffM 
chiefly  to  the  bracketing  of  a  cove  ceiling. 

Cove  Ceiling.    A  ceiling  springing  from  the  walls  with  a  curve. 

Coved  and  Flat  Ceiling.  A  ceiling  in  which  the  section  is  the  qoadnst  of 
a  circle,  rising  from  the  walls  and  intersecting  in  a  flat  surface. 

Cradling.    Timber  work  for  sustaining  the  lath  and  plaster  of  vaulted  ceSmi 

Cresting.  An  ornamental  finish  in  the  wall  or  ridge  of  a  building,  wbid  is 
common  on  the  Continent  of  Europe.  An  example  occurs  at  Exeter  Cathe<kil^ 
the  ridge  of  which  is  ornamented  with  a  range  of  small  fleurs-de-lis  in  lead. 

Crocket.    An  ornament  ruiming  up  the  sides  of  gablets»  hood-molds^  pinB»> 
cles,  spires;  generally,  a  winding  stem  like  a  creeping  plant, 
with  flowers  or  leaves  projecting  at  intervals,  and  terminat- 
ing in  a  finial. 

Cross.  This  religious  symbol  is  almost  alwasrs  placed  on 
the  ends  of  gables,  the  summit  of  spires,  and  other  conspicu- 
ous places  of  old  churches.  In  early  times  it  was  generally 
very  plain,  often  a  simple  cross  in  a  circle.  Sometimes  they 
take  the  form  of  a  light  cross,  crosslet,  or  a  cross  in  a  square. 
In  the  Decorated  and  later  styles  they  became  richly  floriated, 
and  assumed  an  endless  variety  of  forms.  Of  memorial 
crosses  the  finest  examples  are  the  Eleanor  crosses,  erected  olocket 

by  Edward  I.  Of  these  a  few  yet  remain,  one  of  which  has 
recently  been  reerected  at  Charing  Cross.  Preaching  crosses  were  often  set ;? 
by  the  wayside  as  stations  for  preaching;  the  most  noted  is  that  in  front  d  Sl 
Paul's,  England.  The  finest  remaining  sepulchral  crosses  are  the  old  dabonu^ 
carved  examples  found  in  Ireland. 

Cross-aisle.    An  old  name  for  a  transept. 
Cross-springer.    The  transverse  ribs  of  a  vault. 
Cross-vaulting.    A  common  name  given  to  groins  and  cylindrical  vaults- 
Crown.    In  architecture  the  uppermost  member  of  the  oomioe;  called  iki 
Corona  and  Larmier. 

Crypt.    A  vaulted  apartment  of  greater  or  less  size,  usually  under  the  dxc 

Cupola.    A  small  room,  either  circular  or  polygonal,  standing  on  the  topo^t 
dome.    By  some  it  is  called  a  Lantern. 
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Sorb  Roof,  or  Muisaxd  Roof.  A  roof  formed  of  four  contiguous  planes, 
h  two  having  an  external  inclination.  * 

^urtafl  Step.  The  drst  step  in  a  stair,  which  is  generally  finished  in  the  form 
I.  scroll. 

?u8p.  The  point  where  the  foliations  of  tracery  intersect.  The  earliest 
kinple  in  England  of  a  plain  cusp  is  probably  that  at  Pythagoras  School,  at 
mbridge,  of  an  ornamental  cusp,  at  Ely  Cathedral,  where  a  small  roll,  with  a 
ette  at  the  end,  is  formed  at  the  termination  of  a  cusp.  In  the  later  styles  the 
minations  of  the  cusps  were  more  richly  decorated;  they  also  sometimes 
minate  not  only  ia  leaves  or  foliages^  but  in  rosettes,  heads,  and  other  fanciful 
laments. 

Cyclostyle.  A  structure  composed  of  a  circular  range  of  columns  without  a 
re  is  cyclostylar;  with  a  core,  the  range  would  be  a  peristyle.  This  is  the  spe- 
5  of  edifice  called  by  Vitruvius  monopteral. 

CyvuL    The  name  of  a  molding  of  very  frequent  use.    It  is  a  simple,  waved 

e,  concave  at  one  end  and  convex  at  the  other,  like  an   n "— (^ 

lUc  /.    When  the  concave  part  is  uppermost  it  is  called   ^  | 

ryma  recta,  but  if  the  convexity  appear  above,  and  the        X 1 

icavity  below,  it  is  then  a  cyma  reversa.  .  cyma  kecta 

Cymatium.    When  the  crowning  molding  -of  an  en«  1;;^ 
2lature  is  of  the  cyma  form,  it  is  termed  the  Cyma- 
im. 

« ,     ^.  *     .       ,  .       .  .  „      ,  C^MA  REVERSA 

Uyrtostyle.    A  arcular  projectmg  portico.    Such  are 

ase  of  the  transept  entrances  to  St.  Paul's  Cathedral,  London. 

Dado,  or  Die.  The  vertical  face  of  an  insulated  pedestal  between  the  base 
d  cornice,  or  surbase.  It  is  extended  also  to  the  similar  part  of  all  stereobates 
lich  are  arranged  like  pedestals  in  Roman  and  Italian  architecture. 

Dais.  A  part  of  the  floor  at  the  end  of  a  mediaeval  halU  raised  a  step  above 
CL  rest  of  the  floor.  On  this  the  lord  of  the  mansion  dined  with  his  friends  at 
e  great  table,  apart  from  the  retainers  and  servants.  In  medieval  halls  there 
IS  generally  a  det^p  recessed  bay  window  at  one  or  at  each  end  of  the  dais, 
pposed  to  be  for  retirement,  or  greater  privacy  than  the  open  hall  could  afford. 
France  the  word  is  understood  as  a  canopy  or  hanging  over  a  seat;  probably 
e  name  was  given  from  the  fact  that  thi  seats  of  great  men  were  then  siu:- 
[>unted  by  such  an  ornament. 

Darby.  A  flat  tool  used  by  plasterers  m  working,  especially  on  ceilings.  It 
generally  about  seven  inches  wide  and  forty-two  inches  long,  with  two  handles 
I  the  back. 

Decastyle.    A  portico  of  ten  columns  in  front. 

Decorated  Style.  The  second  stage  of  the  Pointed  or  Gothic  style  of  archi- 
cture,  considered  the  most  complete  and  perfect  development  of  Gothic  archi- 
cture,  the  best  examples  of  which  are  found  in  England. 

Demi-metope.  The  half  of  a  metope,  which  is  found  at  the  retiring  or  pro- 
cting  angles  of  a  Doric  frieze. 

Dentil.  The  cogged  or  toothed  member,  common  in  the  bed-mold  of  a  Corin- 
lian  entablature,  is  said  to  be  dentiled,  and  each  cog  or  tooth  is  called  a  dentil. 

Depressed  Arcbes,  or  Drop  Arcbes.    Those  of  less  pitch  than  the  equilateral. 

Design.  The  plans,  elevations,  sections,  and  whatever  other  drawings  may 
i  necessary  for  an  edifice,  exhibit  the  design,  the  term  plan  having  a  restricted 
splication  to  a  technical  portion  of  the  design. 
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Detail.  As  used  by  architects^  detail  means  the  smaller  paits  mtoviiat 
composition  may  be  divided.  It  is  applied  generally  to  mnlritngs  aod  ote 
enrichments,  and  a^ain  to  their  minutiae. 

Diameter.  The  line  in  a  circle  passing  through  its  center,  or  thickest  pi^ 
which  gives  the  measure  proportioning  the  intercolumniatioQ  in  some  of  9 
orders. 

Diameters.  The  diameters  of  the  lower  and  upper  ends  of  the  akat  ai 
column  are  called  its  inferior  and  superior  diameters*  re^>ectively;  the  focui 
the  greatest,  the  latter  the  least  diameter  of  the  shaft. 

Diaper.  A  method  of  decorating  a  wall,  panel,  stained  glass,  or  any  pbb  » 
face,  by  covering  it  with  a  continuous  design  of  flowers,  rosettes,  etc.,  eitek 
squares  or  lozenges,  or  some  geometrical  form  resembling  the  patton  of  t^ 
pered  table-cloth,  from  which,  in  fact,  the  name  is  supposed  by  some  to  tan 
been  derived. 

DiastyU.    A  spadous  inttrcolummation,   to  wluch  three  diamettts  e 

assigned. 

Dipteros.  A  double-winged  temple.  The  Greeks  are  said  to  have  oonstncBd 
temples  with  two  ranges  of  columns  all  around,  which  were  called  diptenl  A 
portico  projecting  two  columns  and  their  interspaces  is  of  dipteral  or  p8eiid»- 
dipteral  arrangement. 

Discharging  Arch.  An  arch  over  the  opening  of  a  door  or  wudow.  to  £»- 
eharge  or  relieve  the  superincumbent  weight  from  pressing  on  the  lintel 

Distemper.  Term  applied  to  paintiDg  with  colors  mixed  with  ase  or  cdv 
glutinous  substance.  All  the  cartocms  of  the  andents  previous  to  the  year  140^ 
are  said  to  be  done  iu  distemper. 

Distyle.  A  portico  of  two  columns.  This  is  not  generally  applied  to  the  mm 
porch  with  two  columns,  but  to  describe  a  portico  with  two  ^«>iwwn*  w  mUu. 

Ditrig^yph.    An  intercolumniation  in  the  Doric  order,  of  two  triglyphi. 

Dodecastyle.  A  portico  of  twelve  coliunns  in  front.  The  lower  ooe  of  tk 
west  front  of  St.  Paul's  Cathedral,  London,  is  of  twelve  columns,  but  they  u 
coupled,  making  the  arrangement  pseudo-dodecastyle.  The  Chamber  of  Dq» 
ties  ia  Paris  has  a  true  dodecastyle. 

Dog-tooth.  A  favorite  enrichment  used  from  the  latter  pATt  of  the  Noscyi 
period  to  the  early  part  of  the  Decorated.  It  is  in  the  form  of  a  four-kaiti 
flower,  the  center  of  which  projects,  and  probably  was  named  from  its  itstss- 
blance  to  the  dog-toothed  violet. 

Dome.  A  cupola  or  inverted  cup  on  a  building.  The  application  of  this  tera 
to  its  generally  received  purpose  is  Trom  the  Italian  custom  of  calling  an  ar6' 
episcopal  church,  by  way  of  eminence,  II  Duomo,  the  temple;  for  to  one  of  tl* 
rank,  the  Cathedral  of  Florence,  the  oqwla  was  first  applied  in  modem  piacnt 
The  Italians  themselves  never  call  a  cupola  a  dome;  it  is  on  this  side  of  the.*^ 
the  application  has  arisen,  from  the  drcumstaaoe,  it  would  appear,  that  the  M 
ians  use  the  term  with  reference  to  those  structures  whose  most  dbtiociBifee; 
feature  is  the  cupola,  tholus,  or  (as  we  now  call  it)  dome. 

Domestic  Architecture.    That  branch  which  relates  to  private  buikliags> 

Doajon.    The  principal  tower  of  a  castle,  generally  containing  the  pn9c& 

Door  Frmme.  The  surrounding  case  into  and  out  of  which  the  door  shots  s^ 
opens.  It  consists  of  two  upright  pieces,  called  jambs,  and  a  head,  generally  i^ 
together  by  mortices  and  tenons,  and  wrought,  rebated,  and  beaded. 

Doric  Order.    The  oldest  of  the  three  orders  of  Grecian  axcfaitectuie. 
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Dormer  WSadow.  A  window  bdooB^ng  to  a  room  in  a  roef,  whicb  conse^ 
ueatly  pro^ccto  isQsa.  k  with  a  valley  gutter  oa  oach  side.  They  ape  said  not  to 
e  earlier  than  the  fourteenth  century.  In  Germany  there  are  often  several  rows 
I  dormer^  oae  above  the  other.  In  Italian  Gothic  they  are  very  rare;  in  fact, 
le  foimer  haire  an  unusoally  steep  roof,  while  in  the  latter  country*  where  the 
:alian  tile  is  used,  the  roofs  are  rather  flat. 

Dormitory.  A  room,  suite  of  rooms,  or  building  used  to  sleep  in.  Thenane 
^3  ficst  applied  to  the  placp  where  the  monks  slept  at  night.  It  was  sometimes 
ne  long  room  like  a  barrack,  and  sometimes  divided  into  a  succession  of  small 
iiambers  or  cells.  The  dormitory  was  generally  on  the  first  floor,  and  connected 
ith  the  church,  so  that  it  was  not  necessary  to  go  out-of-doors  to  attend  the 
octumal  services.  In  the  large  houses  of  the  Perpendicular  period,  and  also  in 
>me  of  the  Elizabethan,  the  entire  upper  story  in  the  roof  formed  one  large 
pwtment,  said  to  have  been  a  place  for  exercise  in  wet  weather,  and  also  for  a 
ormitory  for  the  retainers  of  tlie  household,  or  those  of  visitors. 

Doable  Yault.  Formed  by  a  duplicate  wall;  wine  cellars  are  sometimes  so 
Mined. 

Dovetailing.  In  carpentry  and  joinery,  the  method  of  fastening  boards  or 
ther  timbers  together,  by  letting  one  piece  into  another  in  the  form  of  the 
ipanded  tail  of  a  dove. 

Dowel.  A  pin  let  into  two  pieces  of  wood  or  atooe,  where  they  are  joined 
)gether.  A  piece  of  wood  driven  into  a  wall  so  that  other  pieces  may  be  nailed 
}  it.    This  is  aiso  called  plugging. 

Draw-bridge.  A  bridge  made  to  draw  up  or  let  down,  much  used  in  fortified 
laces.  In  navigable  rivers,  the  arch  over  the  deepest  channel  is  made  to  draw 
r  revolve,  in  order  to  let  the  masts  of  ships  pass  through. 

Drawing-room.  A  room  appropriated  for  the  reception  of  company;  a  room 
>  which  company  withdraws  from  the  dining-room. 

Dresser.    A  cupboard  or  set  of  shelves  to  receive  dishes  and  cooking  utensils. 

Dressing.  Is  the  operation  of  squaring  and  smoothing  stones  for  building; 
Iso  applied  to  smoothing  lumber. 

Dressing-room.    An  apartment  appropriated  for  dressmg  the  person. 

Drip.  A  name  given  to  the  member  of  a  cornice  which  has  a  projection 
eyond  the  other  parts  for  throwing  off  water  by  small  portions,  drop  by  drop. 

t  is  also  called  Larmier. 

Drip-stone.  The  label  mokHng  which  serves  on  a  canopy  for  an  opening, 
od  to  throw  off  the  rain.    It  is  also  caHed  Weather  Molding. 

Drop-scene.  A  curtain  suspended  by  pulleys,  wiiich  descends  or  drops  in 
i»t  of  the  stage  in  a  theater. 

Dmm.  The  upright  part  of  a  cupola  over  a  dome;  also,  the  solid  part  or  vase 
I  the  Coiinthian  and  Composite  capitals. 

Dry-rot.    A  rapid  decay  of  timber,  by  which  its  substance  is  converted  into 
dry  powder,  which  issues  irom  mlnvte  cavities  resembUng  the  borings  of 
orms. 

Dangean*  The  prison  in  a  caatie  keep^  so  catted  becaeae  the  Norman  name 
)r  the  latter  is  donjon,  and  the  dungeons,  or  prisons,  are  generally  in  its  lowest 
loiy. 

Dwarf  Wall.  The  walls  enclosing  courta  abofo  which  are  mfliags  of  iron; . 
iw  walls,  in  general,  receive  this  npme. 
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EaTes.  In  slating  and  shingUiig,  the  margin  or  lower  part  of  ibe  sli^ 
banging  over  the  wall,  to  throw  the  water  off  from  the  masonry  or  biickwad. 

Echinus.  A  molding  of  eccentric  curve,  gener- 
ally cut  (when  it  is  carved)  into  the  forms  of  eggs 
and  anchors  alternating,  whence  the  molding  is 
called  by  the  name  of  the  more  conspicuous.    It  is  echdtus 

the  same  as  Ovolo. 

EdilSce.  Is  synonymous  with  the  terms  building,  fabric,  erection,  bat  \i 
more  strictly  applicable  to  architecture  distinguished  for  szc,  dignity',  zaj 
grandeur. 

Efflorescence.  In  architecture,  the  formation  of  a  whitish  loose  powder,  cr 
crust,  on  the  surface  of  stone  or  brick  walls. 

Egyptian  Architecture.  The  earliest  civilization  and  cultivation  of  the  aits 
was  in  Upper  Egypt  The  most  remarkable  and  most  ancient  manuments  of  tk 
Egyptians,  with  the  exception  of  the  pyramids,  are  nearly  all  included  in  Uhk: 
Egypt.  The  buildings  of  Egypt  are  characterized  by  solidity  and  masiveoe^ 
of  construction,  originality  of  conception,  and  boldness  of  form.  The  walls»  tk 
pillars,  and  the  most  sacred  places  of  their  religious  buildings  were  ornamented 
with  hieroglyphics  and  symbolical  figures,  while  the  ceilings  of  the  portios 
exhibited  zodiacs  and  celestial  planispheres.  The  temples  of  Egypt  were  gener- 
ally without  roofs,  and,  consequently,  the  interior  colonnades  had  no  pediments, 
supporting  merely  an  entablature,  composed  of  only  architrave,  friese.  tad 
cornice,  formed  of  immense  blocks  united  without  cement  and  omamcDtcd  ia& 
hierogljrphics. 

Element  The  outline  of  the  design  of  a  Decorated  window,  on  wfaidi  tbe 
centers  for  the  tracery  are  formed.  These  centers  will  all  be  found  to  faB  cs 
points  which,  in  some  way  or  other,  will  be  equimultiples  of  parts  of  the  opemois. 
To  draw  tracery  weU,  or  understand  even  the  principles  of  its  compoatioD,  mod 
attention  should  be  given  to  the  study  of  the  element. 

Elevation.  The  front  facade,  as  the  French  term  it,  of  a  structure;  a  gto- 
metrical  drawing  of  the  external  upright  parts  of  a  building. 

Embattiement    An  indented  i>arapet;  battlement. 

Emblazon.    To  adorn  with  figures  of  heraldry,  or  ensigns  armorial 

Embossing.  Sculpture  in  rillevo,  the  figures  standing  partly  oat  fron  tk 
plane. 

Embrasure.  The  opening  in  a  battlement  between  the  two  raised  solid  por- 
tions or  merlons,  sometimes  called  a  crenelle. 

Encaustic.  Pertaining  to  the  art  of  burning  in  colors,  appKed  to  pamtinges 
glass,  porcelain,  or  tiles,  where  colors  are  fixed  by  heat;  hence,  oicaustic  tk^ 
bricks,  etc. 

Engaged  Columns.    Are  those  attached  to,  or  built  into  walb  or  pien^A 

portion  being  concealed. 

Enrichment  The  addition  of  ornament,  carving,  etc.,  to  plain  work;  dcoon- 
tion;  embellishment. 

Ensemble,    Means  the  whole  work  or  compositioii  considered  togctfao;  ai 

not  in  parts. 

Entablature.  The  assemblage  of  parts  supported  by  the  ^*"""  It  as- 
sists of  three  parts:  the  architrave,  frieze,  and  cornice. 

1    Entail.    In  Gothic  architecture,  delicate  carving. 
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Entasis.  The  swelling  of  a  column,  etc.  In  medieval  arcbitecture,  some 
pires,  particularly  those  called  "broach  spires,"  have  a  slight  swelling  in  the 
ides,  but  no  more  than  to  make  them  look  straight;  for,  from  a  particular 
dcceptio  visus,"  that  which  is  quite  straight,  when  viewed  at  a  height,  looks 
oUow. 

Entry.    A  hall  without  stairs  or  vestibule. 

Epistyle.  This  term  may  with  propriety  be  applied  to  the  whole  entablature, 
ith  which  it  is  synonymous;  but  it  is  restricted  in  use  to  the  architrave,  or 
iwest  member  of  the  entablature. 

Escntcheon.  (Her.)  The  field  or  ground  on  which  a  coat-of-arms  is  repre- 
;nted.  (Arch.)  The  shields  used  on  tombs,  in  the  spandrels  of  doors,  or  in 
ling-courses;  also,  the  ornamented  plates  from  the  centre  of  which  door  rings, 
aockers,  etc.,  are  suspended,  or  which  protect  the  wood  of  the  key-hole  from 
le  wear  of  the  key.  In  mediaeval  times  these  were  often  worked  in  a  ve^ry 
»utiful  manner. 

Etching.    A  mode  of  engraving  on  glass  or  metal  (generally  copper)  by  means 
lines,  eaten  in  or  corroded  by  means  of  some  strong  add. 

Eustyle.  A  species  of  intercolumniation  to  which  a  proportion  of  two  diam- 
ers  and  a  quarter  is  assigned.  This  term,  together  with  the  others  of  similar 
iport  —  pycnostyle,  systyle,  diastyle,  and  areostyle  —  referring  to  the  distance 
;  columns  from  one  another  in  composition,  is  from  Vitruvius,  who  assigns  to 
ich  the  space  it  is  to  express.  It  will  be  seen,  however,  by  reference  to  them 
dividually,  that  the  words  themselves,  though  perhaps  sufficiently  applic- 
»le  convey  no  idea  of  an  exactly  defined  space,  and,  by  reference  to  the 
Jumnar  structures  of  the  ancients,  that  no  attention  was  paid  by  them  to 
ch  limitations.  It  follows,  then,  that  the  proportions  assigned  to  each  are 
irely  conventional,  and  may  or  may  not  be  attended  to  without  vitiating  the 
mcr  of  applying  the  terms.  Eustyle  means  the  best  or  most  beautiful  ar- 
ngement;  but,  as  the  effect  of  a  columnar  composition  depends  on  many 
ings  besides  the  diameter  of  the  columns,  the  same  proportioned  inter- 
lumniation  would  look  well  or  ill  according  to  those  other  circumstances, 

that  the  limitation  of  Eustyle  to  two  diameters  and  a  quarter  is  absurd. 

Extrados.  The  exterior  or  convex  curve  forming  the  upper  line  of  the  arch 
>nes;   the  term  is  opposed  to  the  intrados,  or  concave  side. 

Bye  of  a  Doma.    The  aperture  at  its  summit. 

Eye  of  a  Volute.    The  circle  in  its  center. 

Facade,  or  Face.  The  whole  exterior  side  of  a  building  that  can  be  seen  at 
e  view;  strictly  speaking,  the  principal  front. 

Face  Mold.  The  pattern  for  marking  the  plank  or  board  out  of  which 
lamental  hand-railings  for  stairs  and  other  works  are  cut. 

Fan  Tracery.  The  very  complicated  mode  of  roofing  used  in  the  Perpen- 
;ular  style,  in  which  the  vault  is  covered  by  ribs  and  veins  of  tracery. 

Fascia.  A  flat,  broad  member  in  the  entablature  of  columns  or  other  parts  of 
ildings,  but  of  small  projection.  The  architraves  in  some  of  the  orders  are 
nposed  of  three  bands,  or  fascis;  the  Tuscan  and  the  Doric  ought  to  have  only 
e.  Ornamental  projections  from  the  walls  of  brick  buildings  over  any  of  the 
[idows,  except  the  uppermost,  are  called  Fasctte. 

FenestraL  A  frame,  or  "chassis,"  on  which  oiled  paper  or  thin  cloth  was 
ained  to  keep  out  wind  and  rain  when  the  windows  were  not  giazed. 
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Festoon.    Ad  ornament  of  carved  work,  representiDg  a  wreath  or 
flowers  or  leaves,  or  both,  interwoven  with  each 
other.    It  is  thickest  in  the  middle,  and  smaU 
at  each  extremity,  where  it  is  tied,  a  part  often 
hanging  down  below  the  knot. 

Fillet.  A  narrow  vertical  band  or  tistel  of 
frequent  use  in  congeries  of  moldings,  to  sepa- 
rate and  combine  them,  and  also  to  give  breadth 
and  firmness  to  the  upper  edge  of  a  crowning 

cyma  or  cavetto,  as  in  an  external  cornice.    The  narrow  dips  or  breadth  beti 
the  flutes  of  Corinthian  and  Ionic  columns  are  also  called  fillets.    In  medi?5 
work  the  fillet  is  a  small,  flat,  projecting  square,  chiefly  used  to  separate 
and  rounds,  and  often  found  in  the  outer  parts  of  shafts  and  boutels.    Ir 
situation  the  center  fillet  has  been  termed  a  keel,  and  the  two  side  ones,  ral^ 
but,  apparently,  this  is  not  an  ancient  usage.  ' 

Finial.  The  flower,  or  bunch  of  flowers,  with  which  a  spire,  pinnade,  phk, 
canopy,  etc.,  generally  terminates.  Where  there  are 
crockets,  the  finial  generally  bears  as  close  a  resem- 
blance as  possible  to  them  in  point  of  design.  They 
are  found  in  early  work  where  there  are  no  crockets. 
The  simplest  form  more  resembles  a  bud  about  to 
burst  than  an  open  flower.  They  soon  became  more 
elaborate,  as  at  Lincoln,  and  still  more,  as  at  West- 
minster and  the  Hotel  Cluny  at  Paris.  Many  per- 
pendicular finials  are  like  four  crockets  bound  to- 
gether. Almost  every  known  example  of  a  finial  has 
a  sort  of  necking  separating  it  from  the  parts  below 

Fish- joint.  A  splice  where  the  pieces  are  joined  butt  end  to  end,  and  aie  cw 
nected  by  pieces  of  wood  or  iron  placed  on  each  side  and  firmly  bolted  to  dl 
timbers,  or  pieces  joined. 

Flags.    Flat  stones,  from  x  to  3  inches  thick,  for  floors.  | 

Flamboyant.  A  name  applied  to  the  Third  Pointed  style  in  France,  viii 
seems  to  have  been  developed  from  the  Second,  as  the  English  Perpendiculars 
from  the  Decorated.  The  great  characteristic  is,  that  the  element  of  the  tnoi 
flows  upward  in  long  wavy  divisions  like  flames  of  fire.  In  most  cases,  also,  e*^ 
division  has  only  one  cusp  on  each  side,  however  long  the  division  may  be.  He 
moldings  seem  to  be  as  much  inferior  to  those  of  the  preceding  pe*iod  as^ 
Perpendicular  moldings  were  to  the  Early  English,  a  fact  which  seems  to  ibo^ 
that  the  decadence  of  Gothic  architecture  was  not  confined  to  one  oouotiy. 

Flange.  A  projecting  edge,  rib,  or  rim.  Flanges  are  often  cast  on  the  top^ 
bottom  of  iron  columns,  to  fasten  them  to  those  above  or  bdow;  the  top  » 
bottom  of  I-beams  and  channels  are  called  the  flange. 

Flashings.  Pieces  of  lead,  tin,  or  copper,  let  into  the  joints  of  a  waB  sotf^ 
lap  over  gutters  or  other  pieces;  also,  pieces  w<Nrkod  in  the  slates  or  slaOT 
around  dormers,  chimneys,  and  any  rising  part,  to  prevent  leaking. 

Flatting.    Painting  finished  without  leaving  a  gloss  on  the  surface. 

Fliche.  A  general  term  in  French  architecture  for  a  spire,  but  nwie  ^ 
ticularly  used  for  the  small,  slender  erection  rising  from  the  intersectioc  ^ 
the  nave  and  transepts  in  cathedrals  and  large  churches,  and  caixTnC  M 
sanctus  bell. 

Fleur-de-Us.    The  royal  insignia  of  France,  much  used  in  decoratioL 
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light.    A  niD  ol  steps  or  stairs  from  one  hnding  to  ansAatr, 

loating.  The  equal  spreading  of  plaster  or  stucco  on  the  surface  of  walls, 
means  of  a  board  called  a  float;  as  a  rule,  only  rough  plastering  is  floated. 

loriated.    Having  florid  ornaments,  as  in  Gothic  pillars. 

Ive.  The  space  or  passage  in  a  chimney  through  which  the  smoke  ascends. 
;h  passage  is  called  a  flue,  while  all  together  make  the  chimney. 

lush.    The  continued  surface,  in  the  same  plane,  of  two  contiguous  masses. 

lute.  A  obncave  channel.  Columns  whose  shafts  are  channeled  are  said 
>e  fluted,  and  the  flutes  are  collectively  called  Flutings. 

lying  Buttress.    An  arched  buttress  used  when  extra  strength  was  required 
the  upper  part  of  the  wall  of  the  nave,  etc.,  to  resist  the  outward  thrust  of  a 
ilted  ceiling.    The  flying  buttress  generally  rests  on  the  wall  and  buttress  of 
aisle. 

Polls.    The  small  arcs  in  the  tracery  of  Gothic  windows,  panels,  etc. 

roliftge.    An  ornamental  distribution  of  leaves  on  various  parts  of  buildings. 

foliatioii.    The  use  of  small  arcs  or  foils  in  forming  tracery. 

ront.  The  vessel  used  in  the  rite  of  baptism.  The  earliest  extant  is  supposed 
be  that  in  which  Constantine  is  said  to  have  been  baptized;  this  is  a  porphyry 
rum  from  a  Roman  bath.  Those  in  the  baptisteries  in  Italy  are  all  large,  and 
re  intended  for  immersion;  as  time  went  on,  they  seem  to  have  become 
allcr.  Fonts  are  sometimes  mere  plain  hollow  cylinders,  generally  a  little 
aller  below  than  above;  others  arc  massive  squares,  supported  on  a  thick  stem, 
ind  which  sometimes  there  are  smaller  shafts.  In  the  Early  English  thi^  form 
;ti]l  pursued,  and  the  shafts  are  detached;  sometimes,  however,  they  are  hex- 
mal  and  octagonal,  and  in  this  and  the  later  styles  assume  the  form  of  a  vessel 
a  stem.  Norman  fonts  frequently  have  curious  carvings  on  them,  approach- 
I  the  grotesque;  in  later  times  the  foliages,  etc.,  partook  absolutely  of  the 
iracter  of  those  used  in  other  architectural  details  of  their  respective  periods. 
e  font  in  European  churches  is  usually  placed  close  to  a  pillar  near  the  en- 
tnce.  generally  that  nearest  but  one  to  the  tower  in  the  south  arcade;  or,  in 
ge  buildings,  in  the  middle  of  the  nave,  opposite  the  entrance  porch,  and 
netimes  in  a  separate  building.  In  Protestant  churches  in  this  coimtry,  the 
kt  is  generally  placed  inside  the  communion  rail,  or  on  the  steps  of  the  chanceL 

Pootingi.  The  spreading  courses  at  the  base  or  foundation  of  a  wall.  When 
ayer  of  different  material  from  that  of  the  wall  (as  a  bed  of  concrete)  is  used, 
is  called  the  Footing. 

Ponndatioii.  That  part  of  a  building  or  wall  which  is  below  the  surface  of 
t  ground. 

Poztail  Wedging.  Is  a  peculiar  mode  of  mortising,  in  which  the  end  of  the 
ion  is  notched  beyond  the  mortise,  and  is  split  and  a  wedge  inserted,  which, 
ing  forcibly  driven  in,  enlarges  the  tenon  and  renders  the  joint  firm  and  im- 
>vable. 

Frame.  The  name  given  to  the  wood- work  of  windows,  doors,  etc.;  and  in 
rpentry,  to  the  timber  works  supporting  floors,  roofs,  etc. 

Pramiiig.  The  rough  timber  work  of  a  house,  including  the  flooring,  roofing, 
irtitioning,  ceiling,  and  beams  thereof. 

Freestone.  Stone  which  can  be  used  for  moldings,  tracery,  and  other  work 
quired  to  be  executed  with  the  chisel.  The  oolitic  and  sandstones  are  those 
s>^raUy  included  by  this  term. 
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Fresco.  The  method  of  painting  on  a  waUwhfle  the  pUstering  is  vdL  I 
color  penetrates  through  the  material,  which,  therefore,  will  bear  robbing «« 
ing  to  almost  any  extent.  The  transparency,  the  chiaro-oscuro,  and  ImHtii 
well  as  force,  which  can  be  obtained  by  this  method,  cannot  be  conceived  * 
the  frescos  of  Fra  Angelico  or  Raphael  are  studied.  The  word,  however,  is  A 
applied  improperly  to  painting  on  the  surface  in  distemper  or  body  ookxr,  ^ 
with  size  or  white  of  egg,  which  gives  an  opaque  effect. 

Fret.  An  ornament  consisting  of  small  fillets  inter- 
secting each  other  at  right  angles. 

Frieze.  That  portion  of  an  entablature  between  the 
cornice  above  and  architrave  below.  It  derives  its 
name  from  being  the  recipient  of  the  sculptured  en-  rex 

richments  either  of  foliage  or  figures  which  may  be  -j 

relevant  to  the  object  of  the  sculpture.    The  frieze  is  also  called  the  Zoopliiiij 

[    Frigidarium.    An  apartment  in  the  Roman  bath,  supi^ied  with  cold  nte^ 

Furniture.  A  name  given  to  the  metal  trimmings  of  doors,  windovv  ■ 
other  similar  parts  of  a  house.  In  this  country  the  word  "hardware"  is o^ 
generally  used  to  denote  the  same  thing.  ' 

Furrings.  Flat  pieces  of  timber  used  to  bring  an  irr^^ilar  framing  to  an  oi 
surface. 

Gable.  When  a  roof  is  not  hipped  or  returned  on  itself  at  the  ends,  its  m 
are  stopped  by  carrying  up  the  walls  under  them  in  the  triangular  fonn  cf  I 
roof  itself.  This  is  called  the  gable,  or,  in  the  case  of  the  ornamental  aod  <ia 
mented  gable,  the  pediment.  Of  necessity,  gables  follow  the  an£^  of  the  ^ 
of  the  roof,  and  differ  in  the  vario'Us  styles.  In  Norman  work  they  are  geacoV 
about  half-pitch;  in  Eariy  English,  seldom  less  than  equilateral,  and  ofteo  oaR 
In  Decorated  work  they  become  lower,  and  still  more  so  in  the  Popendiai 
style.  In  all  important  buildings  they  are  finished  with  cotangs  or  parapcK  ^ 
the  Later  Gothic  styles  gables  are  often  surmounted  with  battlements^  or  duidhi 
with  crockets;  they  are  also  often  paneled  or  perforated,  sometimes  very  va^ 
The  gables  in  ecclesiastical  buildings  are  mostly  terminated  with  a  cross;  | 
others,  by  a  finial  or  piimacle.  In  later  times  the  parapets  or  copings 
into  a  sort  of  steps,  called  corbie  steps.  In  buildings  of  less  pretension  the 
or  other  roof  covering  passed  over  the  front  of  the  wall,  which  then,  of 
had  no  coping.  In  this  case,  the  outer  pair  of  rafters  were  concealed  by 
or  carved  verge  boards. 

Gable  Window.   A  term  sometimes  applied  to  the  large  window  under  a 
but  more  properly  to  the  windows  in  the  gable  itself. 

Gabled  Towers.  Those  which  are  finished  with  gables  instead  of  puam 
Many  of  the  German  Romanesque  towers  are  gabled.  \ 

Gablets.  Triangular  terminations  to  buttresses,  much  in  use  in  tbe  E4 
English  and  Decorated  periods,  after  which  the  buttresses  generaUy  tennioaiel 
pinnacles.  The  Early  English  gablets  are  generally  plain,  and  very  shtipi 
pitch.  In  the  Decorated  period  they  are  often  enriched  with  paodiosa^ 
crockets.  They  are  sometimes  finished  with  small  crosses,  but  ofteaer  ^ 
finials.  I 

Gain.  A  beveled  shoulder  on  the  end  of  a  mortised  brace,  for  the  popocH 
giving  additional  resistance  to  the  shoulder.  i 

Gallery.  Any  long  passage  looking  down  into  another  part  of  a  boiUiagi  ^ 
into  the  court  outside.  In  like  manner,  any  stage  erected  to  carry  t  rood ori< 
organ,  or  to  receive  spectators,  was  latterly  called  a  gallery,  though  on^Btlfi 
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.    In  later  times  the  came  wu  given  to  any  very  long  rooms,  particullriy 
le  intended  for  purposes  of  state,  or  for  the  exhibition  of  pictures. 
Ikmbrel  Roof.    A  rool  with  tna  pitches,  cimilar  to  a  mansafd  oi  curb  roof. 
lATgo^e,  or  Gnrgofls.    The  carved  teimiaation 

I  spout  which  conveyed  away  the  water  fram  the 
lers,  supposed  to  be  callol  so  from  the  gurgUng 
le  made  by  the  water  pasang  through  it.  Car- 
les are  mostly  grotesque  figures. 

(ate-lioiite.  A  building  forming  the  entrance  to  i 
[•wn,  the  door  of  an  abbey,  or  the  enceinte  of  a 
Je  or  other  important  edifice.  They  geoerally  had 
Xfe  gateway  protected  by  a  gate,  and  also  a  port- 
is,  over  which  were  battleraented  parapets  witli 
■S  (machicoUtiona)  for  throwing  down  darts,  melted 
1,  or  hot  sand  on  the  besegers.  Gate-houses 
ays  bad  a  lodge,  with  apartments  for  the  porter,  oakgoyle 

,   guard-rooms   for  the  soldieisi    and,  generally, 

ms  over  for  the  officers,  and  often  places  for  prisoaers  beneath.    The  name  is 
r  commonly  apiiJied  to  the  gate-keeper's  lodge  on  large  estates. 
llDge.    To  mix  plaster  of  Paris  with  common  plaster  to  make  it  set  quick, 
ed  gauged  mortar.    A  tool  used  by  caipenters,  to  strike  a  liae  parallel  to  the 
c  of  a  board. 

Hrder.     A  large  timber  or  iron  beam,  rither  single  or  built  up,  used  to  sup- 
t  Joists  or  walls  over  an  opening. 
ilyph.     A  vertical  channel  in  a  frieze. 
Gothic  Styla.    The  name  of  Gothic  was  glvea  to  the  various  Mcdiaval  styles 

II  period  in  the  sixteenth  ceotuiy  when  a  great  classic  revival  was  going  on, 
I  everything  not  classic  was  considered  barbarian,  or  Gothic.  The  tenn  was 
a  origtnally  intended  as  one  of  stigma,  and,  although  it  conve]^  a  false  idea  of 
^  character  of  the  Medizval  styles,  it  has  long  been  used  to  distinguish  them 
m  the  Grecian  and  Roman.  The  true  principle  of  Gothic  architecture  is  the 
tksi  diviuoD,  relation  and  subordination  of  the  different  parts,  distinct  and 
.  at  tmity  with  each  other,  and  while  this  principle  was  adhered  to,  Gothic 
hitecture  may  he  said  to  have  retained  its  vitality. 

IrraDge.  A  word  derived  from  the  French,  signifying  a  large  bam  or  granary, 
snges  were  usually  long  buildings  with  high  wooden  roofs,  sometimes  divided 
posts  or  columns  into  a  sort  of  nave  and  aisles,  with  walls  strongly  buttressed- 
England  the  term  was  applied  not  only  to  the  bams,  but  to  the  whole  of  Che 
Wings  which  fonned  the  detached  farms  belonging  to  Che  monasteries;  hi 
«t  cases  there  was  a  chapel  either  included  among  these  or  standing  apart  as  n 
larate  edifice. 

IJrillage.  A  framework  of  beams  laid  longitudinally  and  crossed  by  similar 
utu  notched  upon  them,  used  to  sustain  walls  to  prevent  iiregular  setting, 
[riille.  The  iron-work  forming  the  enclosure  screen  to  a  chapel,  or  the  pro- 
ling  railing  to  a  tomb  or  shrine;  more  commonly  found  in  France  than  in 
gland'  They  are  of  wrought  iron,  ornamented  by  the  swage  and  punch,  and 
t  together  either  by  rivets  or  cUps.  In  modem  times  grilles  are  used  eiten- 
ely  for  protecting  the  lower  windows  in  city  houses,  also  the  glass  opening  in 
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«r  4|^drei  t>f  such  vaulting  ii  oaUed  a  croifi,  and  by  othen  tiie  vholesFStol 
vaulting  is  ao  maned. 

OtoAl  Aroh.'  The  cross-rib  ia  the  later  styles 
of  groining,  passing  at  right  angles  from  wall  to 
wall,  and  cfividing  the  vault  iato  bays  or  travees. 

Gr<Ai  Ceiling.  A  ceiHng  to  a  building  com- 
posed of  oak  ribs,  the  spandreb  of  which  are  filled 
in  with  narrow,  thin  slips  of  wood.  There  are 
sevTf^  in  England;  one  at  the  Early  Engtish  church 
at  Warmington,  and  one  at  Winchester  Cathedral, 
exactly  resembling  those  of  stoae. 

Groin  Centring.    In  groining  without  ribs,  the 
whole   sarface   is  supported   by  ceDtdng   during 
the  erection  of  the  vaulting.    In  ribiwi  worit  the        cwmnkd  vacudk  j 
stone  ribs  only  ere  supported  fay  timber  ribs  during 
the  progress  of  4hie  work,  any  ligfat  stoff  being  used  wiitte  filling  in  thespudt^ 

Groin  Point.    The  name  given  by  woriunen  to  the  arris  or  Kne  of  tntoxctt 
-of  one  vault  with  another  where  there  are  bo  ribs. 

Groin  Rib.    The  rib  which  conceals  the  groin  point  or  joints,  where  tbe  9^ 
xirels  intersect.  ^ 

GriMned  Vaulting.  The  system  of  covering  a  building  with  stooe  nd 
which  cross  and  intersect  each  other,  as  opposed  to  the  barrel  vaulring,  or  S9| 
of  arches  placed  side  by  side.  The  earliest  groins  are  plain,  "without  aay  iSi 
c-ccept  occasionally  a  sort  of  wide  band  from  wall  to  wall,  to  strengthen  tbeM 
struction.  In  later  Norman  times  ribs  were  added  on  the  fine  of  iatcneodai 
the  spandrels,  crossing  each  other,  and  having  a  boas  as  a  key  common  toM 
these  ribs  the  French  authors  caH  nerfs  tm  9give,  Their  haUuduLlba,  hme^ 
caused  an  entire  change  in  the  system  of  vaulting;  instead  of  arches  of  viU 
thickness  and  great  wdght,  these  ribs  were  first  put  up  as  the  main  consUudii 
and  spandrels  of  the  lightest  axid  thinnest  possible  material  placed  upon  tkBii 
haunches  only  being  loaded  sufficiently  to  counterbalance  the  pressnre  baam 
crown.  Shortly  after,  half 'ribs  against  the  walls  (formerets)  were  mUudsccil 
carry  the  spandrels  without  cutting  into  the  walling,  and  to  add  to  the  apptaa^ 
The  work  was  now  not* treated  as  continued  vaultui^,  but  as  drvkkd  into  favf 
and  it  was  formed  by  keeping  up  the  ogive,  or  intersecting  ribs  and  thdr  bold 
a  sort  of  construction  having  some  alhnity  to  the  dome  was  formed,  which  sM 
much  to  the  strength  of  the  groining.  Of  course,  the  top  of  the  soffit  or  ndpj 
the  vault  was  not  horizontal,  but  rose  from  the  level  of  the  top  of  the  fonnenM 
to  the  boss  and  fell  again;  but  this  could  not  be  perceived  from  below.  Ssm 
system  of  construction  got  more  into  use,  and  as  the  vaults  were  required  to  be^ 
greater  span  and  of  higher  pitch,  the  spandreb  became  larger,  and  zeqairoi 
support.  To  give  this,  another  set  of  ribs  was  introduced,  passing  fr« 
springers  of  the  ogive  ribs,  and  going  to  about  half-way  between  these  and 
ogive,  "and  meeting  on  the  ridge  of  the  vault;  these  intermediate  ribs  ait 
by  the  French  Uercerons,  and  began  to  come  into  use  in  the  translrion  &tm 
English  to  Decorated.  About  the  same  period  a  system  of  vaulting  caiae 
use  called  hexpartiie,  from  the  fact  that  every  bay  is  divided  into  six 
ments  instead  of  four.  It  was  invented  to  cover  the  naves  of  churches  <rf  waij 
width.  The  filling  of  the  spandrels  in  this  style  is  very  peculiar,  and,  whw  i 
different  compartments  meet  at  the  ridge,  some  pieces  of  harder  stflK  ^ 
been  used,  which  give  rather  a  pleasing  effect.  The  arches  against  tke  1^ 
being  of  smaller  span  than  the  main  ardies»  cause  the  centre  springos  to  br^ 
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d^cuUr  and  parallel  for  some  height,  and  the  q>andreb  themselves  axe  very 
ow.  As  styles  progressed,  and  the  desire  for  greater  richness  increased, 
ther  series  of  ribs^  called  Hemes,  was  introduced;  these  passed  crossways  from 
ogivBS  to  the  Hereerons,  and  thence  to  the  ioulfUaux,  dividing  the  spandrels 
riy  horizontally.  These  various  systems  increased  in  the  Perpendicular 
od,  so  that  the  walls  were  quite  a  net-work  of  ribs,  and  led  at  Ust  to  the 
lor,  or,  as  it  is  called  by  many,  fan-tracery  vaulting.  In  this  system  the  ribs 
no  part  of  the  real  construction,  but  axe  merely  carved  upon  the  voussoirs, 
ch  form  the  actual  vaulting.  Fan  Tracery  is  so  called  because  the  ribs 
iate  from  the  qningers,  and  spread  out  like  the  sticks  of  a  fan.  These  later 
hods  are  not  strictly  groins,  for  the  pendentives  are  not  square  on  plan,  but 
iilar,  and  there  is,  therefore,  no  arris  intersection  or  groin  point. 

rtoitkA,  Welsh,  or  Underpitch.  When  the  main  longitudinal  vault  of  any 
ning  is  higher  than  the  cross  or  transverse  vaults  which  run  from  the  windows, 
system  of  vaulting  is  called  underpitch  groining,  or,  as  termed  by  the  work- 
I,  Welsh  groining.  A  very  fine  example  is  at  St.  George's  Chapel,  Windsor, 
^nd. 

rroove.  In  joinery,  a  term  used  to  signify  a  sunk  channel  whose  section  is 
angular.  It  is  usually  employed  on  the  edge  of  a  molding,  stile,  or  rail, 
,  into  which  a  tongue  corresponding  to  its  section,  and  in  the  substance  of 
wood  to  which  it  is  joined,  is  inserted. 

hrotesqne.  A  singular  and  fantastic  style  of  ornament  found  in  ancient 
Idings. 

^otto*    An  artificial  cavern. 

in>itnd  Floor.  The  floor  of  a  building  on  a  level,  or  nearly  so,  with  the 
and. 

^onnd  Joist    Joist  that  is  blocked  up  from  the  ground. 

bounds.  Pieces  of  wood  embedded  in  the  plastering  of  walls  to  which 
ting  and  other  joiner's  work  is  attached.  Th^r  are  also  used  to  stop  the 
ttering  around  door  and  window  openings. 

Souped  Columns.  Three,  four,  or  more  columns  put  together  on  the  same 
estaL    When  two  are  placed  together,  they  are  said  to  be  coupled. 

^oiit.  Mortar  made  so  thin  by  the  addition  of 
er  that  it  will  run  into  all  the  joints  and  cavities 
he  mason-work,  and  &11  it  up  solid. 

ruOloche,  or  GuiUochos.     An  interlaced  orna- 

it  like  net-work,  used  most  frequently  to  enrich 

torus. 

hittJB-    The  small  cylindrical  drops  used  to  en-  gvtllocbe 

I  the  mutules  and  regulse  of  the  Doric  entabla- 

i  are  so  called. 

^tt«2.    The  channel  for  carrying  off  rain-water. 

i  mediaeval  gutters  differed  little  from  others,  except 

t  they  are  often  hollows  sunk  in  the  top  of  stone 

lices,  in  which  case  they  are  generally  called  chan-  guttjs 

\  in  Bnglish,  and  cheneaux  in  French. 

^nuuisium.  A  building  classed  in  the  first  rank  by  the  Greeks;  it  was  in 
m  they  instructed  the  youth  in  all  the  arts  of  peace  and  war;  a  building  for 
letic  exercises. 
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Hill.    The  principal  apartment  in  the  large  dwelling  of  the 
used  for  the  purposes  of  receptions,  feasts,  etc.    In  the  Norman 
was  generally  in  the  keep  above  the  ground  floor,  where  the 
basement  bdng  devoted  to  stores  and  dungeons  for  confining 
halls  —  indeed,  some  Norman  halls  (not  in  castles)  —  are  generally 
floor,  as  at  Westminster,  approached  by  a  porch  either  at  the  end.  as. 
example,  or  at  the  side,  as  at  Guildhall,  London,  having  at  cHie  eixi  a 
or  estrade.    The  roofs  are  generally  open  and  more  or  less  omameai 
middle  of  these  was  an  opening  to  let  out  the  smoke,  though  in  la 
halb  have  large  chimney-places  with  funnels  or  chimney-shafts  for 
At  this  period  there  were  usually  two  deeply  recessed  bay  windovs 
of  the  dais,  and  doors  leading  into  the  withdrawing-r^oms,  or  the 
ments;  they  are  also  generally  wainscoted  with  oak,  in  small  panels,  i 
of  five  or  six  feet,  the  panels  often  being  enriched.     Westminstct 
originally  divided  into  three  parts,  like  a  nave  and  side  aisles,  as  are 
Continent  of  Europe.    A  room  or  passage-way  at  the  entrance  ol 
suite  of  chambers.    A  place  of  public  assembly,  as  a  town-hall,  a  m< 

Halving.    The  junction  of  two  pieces  of  timber,  by  letting  one  intd 

Hammer  Beam.    A  beam  in  a  Gothic  roof,  not  extending  to 
side;  a  beam  at  the  foot  of  a  rafter. 

Hanging  Buttress.    A  buttress  not  rising  from  the  ground,  but 
a  corbel,  applied  chiefly  as  a  decoration  and  used  only  in  the 
Perpendicular  style. 

Hanging  Sdle.    Of  a  door,  is  that  to  which  the  hinges  are  fixed. 

Hangings.    Tapestry;  originally  invented  to  hide  the  coarseness 
of  a  chamber.    Different  materials  were  employed  for  this  purpose; 
them  exceedingly  costly  and  beautifully  worked  in  figures^  gold  and 

Hatching.  Drawing  parallel  lines  dose  together  for  the  purpose 
ing  a  section  of  anything.  The  lines  are  generally  drawn  at  an  an^ 
a  horizontal. 

Haunches.    The  sides  of  an  arch,  about  half-way  from  the  ^irio^af 
crown. 

Headers.  In  masonr>%  are  stones  or  bricks  extending  over 
the  thickness  of  a  wall.  In  carpentry,  the  large  beam  into 
which  the  common  joists  are  framed  in  framing  openings  for 
stairs,  chimneys,  etc. 

Heading  Courses.  Courses  of  a  wall  in  which  the  stone 
or  brick  are  all  headers. 

Head-way.  Clear  space  or  height  under  an  arch,  or  over 
a  stairway,  and  the  like. 

Heel.  Of  a  rafter,  the  end  or  foot  that  rests  upon  the 
wall  plate. 

Height.  Of  an  arch,  a  line  drawn  from  the  middle  of  the 
chord  to  the  intrados. 

Helix.  A  small  volute  or  twist  like  a  stalk,  representing 
the  twisted  tops  of  the  acanthus,  placed  under  the  abacus  of 
the  Corinthian  capital. 

Hermes.  A  rough  quadrangular  stone  or  pillar,  having 
a  head,  usually  of  Hermes  or  Mercury,  sculptured  on  the 
top.  without  arms  or  body,  placed  by  the  Greeks  in  front  of 
buildings. 
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l^...  'ittg-bone  Work.  Bricks,  tile,  or  other  materials  arranged  diagonally 
,J^Jing. 

iiic>?a8t3^e.    A  portico  of  six  columns  in  front  is  of  this  description. 

:  Jd  Altar.  The  principal  altar  in  a  cathedral  or  church.  Where  there  is  a 
-a^  it  is  generally  at  the  end  of  the  choir  or  chancel,  not  in  the  lady  chapel. 

^"■knob.    The  finial  on  the  hip  of  a  roof,  or  between  the  barge  boards  of  a 

r^f  ■ 

a*  • 

*   -roof.     A  roof  which  rises  by  equally  inclined  planes  from  all  four  sides 
"building. 

'■V 

j^  ^drome.    A  place  appropriated  by  the  ancients  for  equestrian  exercises. 

r.c  !•  Those  pieces  of  timber  placed  in  an  inclined  position  at  the  corners  or 
.:.  of  a  hip-roof. 

:  :}d-mold.  A  word  used  to  signify  the  drijvstone  for  label  over  a  window 
^^r  opening,  whether  inside  or  out.  / 

^'-el  de  Ville.  The  town-hall,  or  guild-hall,  in  France,  Germany,  and 
«m  Italy.  The  building,  in  general,  serves  for  the  administration  of  justicfe, 
z.xipt  of  town  dues,  the  regulation  of  markets,  the  residence  of  magistrates, 
^  ks  for  pwlice,  prisons,  and  all  other  fiscal  purposes.  As  may  be  imagined, 
iififer  very  much  in  different  towns,  but  they  have  almost  invariably 
_  led  to  them,  or  closely  adjacent,  a  large  clock-tower  containing  one  or 
'  bells,  for  calling  the  people  together  on  special  occasions. 

tel  Dieu.  The  name  for  a  hospital  in  mediaeval  times.  In  England  there 
it  few  remains  of  these  buildings,  one  of  which  is  at  Dover;  in  France  there 
\any.  The  most  celebrated  is  the  one  at  Angers,  described  by  Parker. 
do  not  seem  to  diflFer  much  in  arrangement  of  plan  from  those  in  modcn 
the  accommodation  for  the  chaplain,  medicine,  nurses,  stores,  etc.,  being 
the  same  in  all  ages,  except  that  in  some  of  the  earlier,  instead  of  the  sick 
placed  in  long  wards  like  galleries,  as  is  now  done,  they  occupied  large 
.^Qgs,  with  naves  and  side  aisles,  like  churches. 

•using.    The  space  taken  out  of  one  solid  to  admit  the  insertion  of  another. 
:  >a5e  on  a  stair  is  generally  housed  into  the  treads  and  risers;  a  niche  for  a 
e. 

'ptethioB*    A  temple  open  to  the  air,  or  uncovered.    The  term  may  be  the 
easily  understood  by  supposing  the  roof  removed  from  over  the  nave  of  a 
'h  in  which  columns  or  piers  go  up  from  the  floor  to  the  ceiling,  leaving  the 
>  still  covered. 

rpogea.  Constructions  under  the  surface  of  the  earth,  or  in  the  sides  of  a 
•r  mountain. 

inography.  A  horizontal  section  of  a  building  or  other  object,  showing  its 
dimensions  according  to  a  geometric  scale,  a  ground  plan. 

ipluvium.  The  central  part  of  an  ancient  Roman  court,  which  was  un- 
red. 

ipoflt.  A  term  in  classic  architecture  for  the  horizontal  moldings  of  piers 
tiasters,  from  the  top  of  which  spring  the  archivolts  or  moldings  which  go 
d  the  arch. 

Antis.  Wlien  there  are  two  columns  between  the  ant^e  of  the  lateral  walls 
the  cella. 

else.    To  cut  in;  to  carve;  to  engiave. 
dented.    Toothed  together. 
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Inloym^.    Inserting  pieces  of  ivocy,  metal,  or  choice  woods,  or  the  Gb;  i 

a  groundwork  of  some  other  material,  for  ornamentation. 

Insulated.  Detached  from  another  buikling.  A  church  is  insulated,  vkn* 
contiguous  to  any  other  edifice.  A  colvunn  is  said  to  be  insnlatfd,  when  sub^ 
free  from  the  waU;  thus,  the  columns  of  peripteral  temples  were  insiibtrd 

Intaglio.  A  sculpture  or  carving  in  which  the  figures  are  sunk  bekw  tbe^ 
erai  surface,  such  as  a  seal  the  impression  of  which  in  wax  b  in  bas-relief;  ai 
posed  to  Cameo. 

Intercolumniation.  The  distance  from  column  to  column,  the  dear  spM 
between  columns. 

Interlaced  Arches.  Arches  where  one  passes  over  two  opening  and  t^ 
consequently  cut  or  intersect  each  other. 

Intrados.    Of  an  arch,  the  inner  or  concave  curve  of  the  arch  stones. 

Inverted  Arches.    Those  whose  key-stone  or  brick  b  the  lowest  in  the  ud 

Ionic  Order.    One  of  the  orders  of  Classical  architecture. 

'  Iron  Work.  In  mediaeval  architecture,  as  an  ornament,  b  chiefly  ooofinedt 
the  hinges,  etc.,  of  doors  and  of  church  chests,  etc  In  some  iiwtanfrs  noto^ 
do  the  hinges  become  a  mass  of  scroll  work,  but  the  surface  of  the  doors  bayvM 
by  similar  ornaments.  In  almost  all  styles  the  smaller  and  less  impoftaot  diM 
had  merely  plain  strap  hinges,  terminating  in  a  few  bent  scrolls,  and  lattoirt 
fleurs-de-Us.  Escutcheon  and  ring  handles,  and  the  other  fumitnre;  partd 
more  or  less  of  the  character  of  the  time.  On  the  Continent  of  Emope  tk 
knockers  are  very  elaborate.  At  all  periods  doors  have  been  ornamented  ai 
nails  having  projecting  heads,  sometimes  square,  sometimes  polygonal,  udaofli 
times  ornamented  with  roses,  etc.  The  iron  work  of  windows  b  generaQj  pia 
and  the  ornament  confined  to  simple  fleur-de-lis  heads  to  the  stanchkioa  II 
iron  work  of  screens  enclosing  tombs  and  chapeb  b  noticed  under  GriUCf  iJ 

Jack.  An  instnmient  for  raising  heavy  loads,  either  by  a  crank,  arai  fl 
pinion,  or  by  hydraulic  power,  and  in  all  cases  worked  by  hand. 

Jack  Rafter.    A  short  rafter,  used  especially  in  hip-roofs. 

Jamb.  The  side-post  or  lining  of  a  doorway  or  other  ^wrture.  The  jfd 
of  a  window  outside  the  frame  are  called  Reveals. 

Jamb-shafts.  Small  shafts  to  doors  and  windows  with  caps  and  bases;  *k 
in  the  inside  arris  of  the  jamb  of  a  window  they  are  sometimes  called  Esooa^ri 

Joggle.  A  joint  between  two  bodies  so  constructed  by  means  of  yo^i 
notches  as  to  prevent  their  sliding  past  each  other. 

Joinery.  That  branch  in  building  confined  to  the  nicer  and  more  ocaaaal 
parts  of  carpentry. 

Joist.  A  small  timber  to  which  the  boards  of  a  floor  or  the  laths  of  oaSatM 
nailed.    It  rests  on  the  wall  or  on  girders. 

Keep.  The  inmost  and  strongest  part  of  a  medieval  castle,  answcriitctvi 
citadel  of  modem  times.  The  arrangement  is  said  to  have  originated  fvithtt 
dulf ,  the  celebrated  Bishop  of  Rochester.  The  Norman  keep  b  general^  i^ 
massive  square  tower^  the  basement  or  stories  part^  below  ground  be^<^ 
for  stores  and  prisons.  The  main  story  b  generally  a  great  deal  above  goV 
level,  with  a  projecting  entrance,  approached  by  a  flight  of  st^»  and  dn«M 
Thb  floor  is  generally  supposed  to  have  been  the  guard-room  or  pbce  kcll 
soldiery;  above  this  was  the  hall,  which  generally  extended  over  the  vbo^  ^ 
of  the  building,  and  is  sometimes  separated  by  columns;  above  this  are  ^ 
ax^artments  for  the  residents.    There  are  winding  staircases  in  the  aJB|)B^4 
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niMinss.  uid  pusiges  sod  mull  duunben  in  the  ttuckoeu  of  the  walla.  The 
ctp  was  intended  for  the  Last  refuge,  in  case  the  outworks  vere  scaled  and  tbe 
iner  buildinfs  stormed.  There  is  geDenJiy  a  wdl  in  a  mediieval  keep,  ingen- 
uily  concealed  in  tiie  thidcneas  o(  a  wall,  or  in  a  pillar.  The  most  celebrated 
'.  Norman  times  are  the  White  Tuvet  in  London,  ttie  castles  at  Rochester, 
rundel,  and  Newcastle,  Castle  Hcdingham,  etc.  Tbe  keep  was  often  circuhu. 
KeT-atona.  The  stone  placed  in  Che  center  of  tbe  top  o<  an  arch.  The  char- 
Mr  of  the  key-stone  vaiiei  in  different  orders.  In  the  Tuscan  and  Doric  it  is 
ily  a  simple  stone  projecting  beyond  the  rest;  in  Che  Ionic  It  is  adorned  with 
Loldings  in  the  manner  of  a  console;  in  tlie  Corinthian  and  Composite  it  is  a 
ch-sculptuied  console. 

Kllis-poit.  The  middle  post  of  a  trussed  piece  of  framizig  for  supporting  the 
e-beam  at  the  middle  and  the  lower  ends  of  the  struts. 

Eneo.  A  piece  of  timber  naturally  or  artificially  bent  to  receive  another  to 
:lieve  a  weight  or  strain. 

Knob,  Knot.    Tbe  bunch  of  flawers  carved  on  a  corbel,  or  on  a  Boss. 
Eremlln.    The  Russian  name  for  the  dtadel  of  a  town  or  dty. 
Label.    Gothic:  tbe  drip  or  hood-molding  of  an  arch,  when  it  is  returned  to 

Labd  Tarmlnatlaii*.  Carvings  on  which  the  labels  tenninate  near  tbe 
iringiog  of  the  windows.  In  Norman  times  those  were  frequently  grotesque 
•ads  of  fish,  birds,  etc.,  and  sometimes  stiff  foliage.  In  the  Early  English  and 
Tcorated  periods  they  are  often  elegant  knots  of  flowers,  or  heads  of  kings. 
iKCOS,  bishops,  and  other  pencma  suppoaed  Co  be  the  founders  of  churches.  In 
le  Perpendicular  period  they  an  of  ten  finished  with  a  short  square,  mjtied  return 
'  knee,  and  the  fcdiages  an  generally  leaves  of  square  or  octagDnal  form. 

Lacnaw.  A  paneled  or  coffered  ceiling  or  soffit.  The  panels  or  cassoons  of 
ceiling  are  by  Vitnivlus  called  lacunaria. 

Ladj-chapel.    A  snail  chapel  dedicated  to  the 
trKiD  Maiy,  gaxiaUy  found  in  andeut  cathedrals. 

Lancat.    A  high  and  narrow  irindow  piunted  Hke 
lancet,  often  called  a  lancet  window. 


Lantern.    A  turret  raised  above  a  roof  or  tower 

id  very  much  pierced,  the  better  to  transmit  light. 

I  modem  practice  this  term  is  generally  applied  to    ' 

ly  raised  part  in  a  roof  w  ceiling  containing  vertical 

ndows,  hut  covered  in  horizontally.     The  name  was  also  oSlen  applied  to  the 

liver  or  femeretl  on  a  root  to  carry  ofl  the  smoke;  sometimes,  too.  to  the  open 

nsti'uctions  at  the  top  of  towers,  as  at  Ely  Cathedral,  probably  because  lights 

ire  placed  in  them  at  night  to  serve  as  beacons. 

EiBtitania  of  the  Dead.    Curious  small  sfender  lowers,  found  chiefly  in  the 

atre  and  west  of  France,  tiaving  apertures  at  the  top,  where  a  light  was  ex- 

jited  at  night  to  mark  the  place  of  a  cemetery.    Some  have  suEqwsed  Chat  Che 

and  towers  in  Ireland  may  have  served  (or  this  purpose. 

Lmtb.     A  sKp  of  wood  uKd  in  slating,  tiling,  and  plastering. 

Lattice.    Any  worit  of  wood  or  metal  made  by  crossing  laths,  rods,  or  bars, 

d  forming  a  neC-woik.    A  reticulaCed  window,  made  of  laChs  or  ^ps  of  iron. 
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sqxirated  by  glass  windows,  and  only  used  where  air  rather  than  Ught  is  tok 
admitted,  as  in  cellars  and  dairies. 

Layabo.  The  lavatory  for  washing  hands,  generally  erected  in  doastersr 
monasteries.  A  very  curious  one  at  Fontenay,  surrounding  a  pillar,  is  gi>'«alr 
VioUet-le-Duc.  In  general,  it  is  a  sort  of  trough,  and  in  some  places  his  a 
almry  for  towels,  etc. 

Lavatory.    A  place  for  washing  the  person.  i 

Lean-to.  A  small  building  whose  rafters  pitch  or  lean  against  another  build- 
ing, or  against  a  wall. 

Lectern.    The  reading-desk  in  the  choir  of  churches. 

Ledge,  or  Lodgement.  A  projection  from  a  plane,  as  slips  on  the  ade  c 
window  and  door  frames  to  keep  them  steady  in  their  places. 

Ledgers.  The  horizontal  pieces  fastened  to  the  standard  poln  or  timbos  a 
scaffolding  raised  around  buildings  during  their  erection.  Those  which  rest  ei 
the  ledgers  are  called  putlogs,  and  on  these  the  boards  are  laid. 

Lewis.    An  iron  clamp  dovetailed  into  a  large  stone  to  lift  it  by. 

Lich-gate.  A  covered  gate  at  the  entrance  of  a  cemetery,  under  the  iiiAs 
of  which  the  mourners  rested  with  the  corpse,  while  the  procession  of  the  das 
came  to  meet  them.    There  are  several  examples  in  England. 

Light.  A  division  or  space  in  a  sash  for  a  single  pane  of  glass;  also  a  pase 
of  glass. 

Linen  Scroll.  An  ornament  formerly  used  for  filling  panels^  and  so  oM 
from  its  resemblance  to  the  convolutions  of  a  folded  napkin. 

Lining.  Covering  for  the  interior,  as  casing  is  covering  for 
the  exterior  surface  of  a  building;  also,  such  as  linings  of  a 
door  for  windows,  shutters,  and  similar  work. 

Lintel.    The  horizontal  piece  which  covers  the  opening  of  a 
,  .    J  r        -o  USES  scicox 

door  or  wmdow. 

Lip  Mold.    A  molding  of  the  Perpendicular  period  like  a  hanging  lip. 

List,  or  Listel.     A  little  square  molding,  to  crown  a  larger;  also  terTocd  i 
fillet. 
Lithograph.    A  print  from  a  drawing  on  stone. 

Lobby.  An  open  space  surrounding  a  range  of  chambers,  or  seats  in  a  theita: 
a  small  hall  or  waiting  room. 

Lodge.    A  small  house  in  a  park. 

Loft.  The  highest  room  in  a  house,  particularly  if  in  the  roof;  also,  a  pBoT 
raised  up  in  a  church  to  contain  the  rood,  the  organ,  or  singers. 

Loggia.  An  outside  gallery  or  portico  above  the  ground,  and  conttis£^ 
within  the  building. 

Loop-hole.  An  opening  in  the  wall  of  a  building,  very  narrow  on  the  oetsijit 
and  splayed  within,  from  which  arrows  or  darts  might  be  discharged  «  a 
enemy.  They  are  often  in  the  form  of  a  cross,  and  generally  have  round  bob 
at  the  ends. 

Lombard  Architecture.  A  name  given  to  the  round-arched  aichitectBre^ 
Italy,  introduced  by  the  conquering  Goths  and  Ostrogoths,  and  whicfa  sb^- 
seded  the  Romanesque.  It  reigned  between  the  eighth  and  twelfth  ccntiaic« 
during  the  time  that  the  Saxon  and  Norman  styles  were  in  vogue  in  EngJand*^^ 
corresponded  with  them  ia  its  development  into  the  Continental  Gothic 
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Lotus.     A  i^aDt  of  great  cetebiity  amongst  the  ondoits,  the  leaves  and 
losaoms  of  which  generally  foim  the  capitals  of  Egyptian  calumns, 

LonTU.    A  kind  oE  veitical  window,  frequently  in  the  peaks  of  gables,  and  in 
be  top  of  towers,  and  provided  with  haiiamtal  slats  which 
ennit  ventilatioa  and  exclude  rain. 

Lozenge  Molding.  A  kind  of  molding  used  in  Nannan 
ichitecture,  of  many  different  forms,  all  of  which  are  dur- 
cterized  by  lozengE-shapcd  ornaments. 

Lunatta.  The  French  ti 
K  the  circular  opening  in 
R»ning  of  the  lower  storic! 
swers,  through  which  the  b 
re  drawn  up. 

Machicolation.     A  parapet 
r  gallery  projecting  from  the  upper  part  of  the  wall  of  a  house  or  tc 
ion.  supported  by  brackets  or  corbels,  and  perforated  in  the  lower  part 
Ite  defenders  of  the  building  might  throw  down  darts,  stones,  and  3< 
at  sand,  molten  lead,  etc.,  upon  their  assailants  below. 

Man-liola.    A  hole  through  which  a  man  may  creep  into  a  drain,  cesspool, 
team -boiler,  etc. 

Hanor-houte.     Tberesidenceof  thesuzerainorlordof  themaikor;  in  France 
le  central  towet  or  keep  of  a  castle  is  often  called  the  maruir. 

Mnnaaid  Roof.     Curb  roof,  invented  by  Fran(ois  Mansard,  a  distinguished 
reach  aichilact,  who  dial  in  t6d6. 

llaDtion.    A  residence  of  considerable  £ze  and  pretenwio. 

Mantel.    The  work  over  a  fireplace  in  front  of  »  chimney;  especially,  a  shelf, 
suall>-  ornamented,  above  the  fireplace. 


Marquetiy.     Inlaid  work  of  fine  hard  pit 
t  diSerent  colon,  also  of  shells,  ivory,  and  i 

MaitfOlBlim.     A  magnificent  tomb  or  aumptuoi 
liral  monument. 

Medallion.    Any  circular  tablet  on  which  ai 
gures  or  busts. 

Hedinval  Aichitectiua.     The  architecture  of  Eng- 

ind,  France,  Germany,  etc.,  during  the  Middle  Ages,  including  the  Norman  and 
kriy  Gothic  styles.  It  comprises  also  the  Romanesque,  Byiantine  and  Sara- 
cnic,  Lombard,  and  other  styles. 

Hembera.  The  different  parts  of  a  building,  the  diSerent  parts  of  an  entab- 
Eture,  the  different  moldings  of  a  cornice,  etc. 

Uerlon.     That  part  ol  a  parapet  which  lies  between    , 
no  embrasures. 


Hezianine.    A  low  story  between  two  lofty 
L  is  called  by  the  French  entresol,  or  inter-story. 

Mezio-rilievo.    Or  mean  reliel,  in  comparison  with    l*^' 
Ito-rilievo,  or  high  relief. 
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Mintret.    Turkish:  a  dtmlar  turret  iiaing  by  Afferent  stages  or 
each  of  which  has  a  balcony.  I 

Minster.  Probably  a  dorruption  of  monasterium  —  the  large  diiirrh  i^l 
tached  to  any  ecclesiastical  fraternity.  If  the  latter  be  presided  over  bf  i^ 
bishop,  it  is  generally  called  a  Cathedral;  if  by  an  abbot,  an  Abbey;  if  bf^ 
prior,  a  Priory.  ' 

Minute.  The  sixtieth  part  of  the  lower  diameter  of  a  column;  it 
is  the  measure  used  by  architects  to  determine  the  proportioos  of 
an  order. 

Miserere.  A  seat  in  a  stall  of  a  lar^e  church  made  to  turn  up 
and  afford  support  to  a  person  in  a  position  between  sitting  and 
standing.  The  under  side  is  generally  carved  with  some  ornament, 
and  very  often  with  grotesque  figures  and  caricatures  of  different 
persons. 

Miter.  A  molding  returned  upon  itself  at  right  angles  is  said  to 
miter.  In  joinery,  the  ends  of  any  two  pieces  of  wood  of  correspond- 
ing form,  cut  off  at  45*^,  necessarily  abut  upon  one  another  so  as  to 
form  a  right  angle,  and  are  said  to  miter. 

Modillion.    So  called  because  of  its  arrangement  in  regulated  distaaces;  v 
enriched  block  or  horizontal  bracket  generally  found 
under  the  cornice  of  the  Corinthian  entablature, 
ornamented,  it  is  sometimes  used  in  the  Ionic. 

Module.  This  is  a  term  which  has  been  generally 
used  by  architects  in  determining  the  rdative  propor- 
tions of  the  various  parts  of  a  columnar  ordinance.  momlliOS  ' 
The  semi-diameter  of  the  column  at  its  base  is  the 
module,  which  being  divided  into  thirty  parts  called  minutes,  any  part  <^  llr 
composition  is  said  to  be  of  so  many  modules  and  minutes,  or  minutes  aketi 
height,  breath,  or  projection.  The  whole  diameter  is  now  generally  prefearf 
as  a  module,  it  being  a  better  rule  of  proportion  than  its  half. 

Monastery.  A  set  of  buildings  adapted  for  the  reception  of  any  of  the  naj 
ous  orders  of  monks,  the  different  parts  of  which  are  described  in  the  septt^ 
article,  Abbey.  j 

Monotri^3rph.  The  intercolamniatioiu  of  the  Doric  order  aie  dctcnmneill 
the  number  of  triglyphs  which  intervene,  instead  of  the  number  of  diasxttsl 
the  column,  as  in  other  cases;  and  this  term  designates  the  ordinary  interooM 
niation  of  one  triglyph.  ^ 

Moiittment.  A  name  given  to  a  tomb,  particularly  to  those  fine  stnctn 
recessed  in  the  walls  of  medieval  churches.  ] 

Mosaic.  Pictorial  representations,  or  ornaments,  formed  of  small  pins 4 
stone,  marble,  or  enamel  of  various  colors.  In  Roman  houses  the  floors  ait  dsif 
entirely  of  mosaic,  the  pieces  being  cubical.  The  best  examples  oi  nxsuci^ 
are  found  in  St.  Mark's,  at  Venice.  j 

Mosque.    A  Mahometan  temple,  or  place  of  worship.  ' 

Molding.  When  any  work  b  wrought  into  long  regular  channds  or  if#*, 
tions,  forming  curves  or  rounds,  hollows,  etc.,  it  is  said  to  be  molded,  aod  »| 
separate  member  is  called  a  molding.  In  mediaeval  architecture  the  p(^^ 
moldings  are  those  of  the  arches,  doors,  windows,  piers,  etc.  Ip  tk  w 
English  style,  the  moldings,  for  some  time,  formed  groups  set  bacK  Id  «<», 
and  frequently  very  deeply  undercut.    The  scroll  molding  is  also 
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•0  fi&ets  now  become  veiy  f reqaent  in  the  keel  moldiiig,  from  its  resembknce 
ection  to  the  bottom  of  a  ship;  sometimes,  also,  it  has  a  peculiar  hollow  on 
ti  side,  like  two  wings.    Later  in  the  Decorated 
le  the  moldings  are  more  varied  in  design,  though 
lows  and  rounds  still  prevail.    The  undercutting  is 

so  deep,  fillets  abound,  ogees  are  more  frequent, 

the  wave  mold,  double  ogee,  or  double  ressaunt,  is 
31  seen.  In  many  places  the  strings  and  labels  are 
>und,  the  lower  half  of  which  is  cut  o£F  by  a  plain 
nnJer.  The  moldings  in  the  later  styles  in  some 
ree  resemble  those  of  the  Decorated,  flattened  and  ,.^,  ^„,^„ 

mdcd;   they  nm  more  into  one  another,  having 

er  fillets,  and  being,  as  it  were,  less  grouped.  ^'  astragal;  b,  ogee; 
t  of  the  principal  features  of  the  change  is  the  ^»  cymatium;  d,  cavet- 
ititution  of  one,  or  perhaps  two  (seldom  more),  ^^»  *»  scotia,  or  casc- 
r  large  hollows  in  the  set  of  moldmgs.  These  hoi-  ™«»t;  /,  apophyges; 
i  are  neither  circular  nor  elliptical,  but  obovate,  S*    ©volo,    or    quarter 

an  egg  cut  across,  so  that  one  half  is  larger  round;     A,     torus;     f, 
\  the  other.    The  brace  mold  also  has  a  small  reeding;  j,  band. 
1,  where  the  two  ogees  meet.    Another  sort  of 

ling,  which  has  been  called  a  lip  mold,  is  common  in  parapets,  bases,  and 
therings. 

[oldings,  Onutmented.  The  Saxon  and  early  Norman  moldings  do  not 
1  to  have  been  much  enriched,  but  the  complete  and  later  styles  of  Norman 
remarkable  for  a  profusion  of  ornamentation,  the  most  usual  of  which  is 
t  is  called  the  zigzag.  This  seems  to  be  to  Norman  architecture  what  the 
nder  or  fret  was  to  the  Grecian;  but  it  was  probably  derived  from  the 
»ns,  as  it  is  very  frequently  found  in  their  pottery.  Besamta,  quatrefoils, 
iges,  crescents,  billets,  heads  of  nails,  are  very  common  ornaments.  Besides 
s,  battlements,  cables;  large  ropes  round  which  smaller  ropes  are  turned,  or, 
ir  sailors  say,  "wormed";  scallops,  pellets,  chains,  a  sort  of  conical  barrels, 
nt  stiff  foliages,  beaks  of  birds,  heads  of  fishes,  ornaments  of  almost  every  con- 
iblc  kind,  are  sculptured  in  Norman  moldings;  and  they  are  used  in  such 
ision  as  has  been  attempted  in  nc  other  style.  The  decorations  on  Early 
ish  moldings  are  chiefly  the  dog-tooth,  which  is  one  of  the  great  charac- 
tics  of  this  style,  though  it  is  to  be  found  in  the  Transition  Norman.  It  is 
rally  placed  in  a  deep  hollow  between  two  projecting  moldings,  the  dark 
vw  in  the  hollow  contrasting  in  a  very  beautiful  way  with  the  light  in  these 
ings.  In  this  period  and  in  the  next  the  tympanum  over  doorways,  par- 
irly  if  they  are  double  doors,  is  highly  ornamented.  Those  of  the  Decorated 
d  resemble  the  former,  except  that  the  foliage  is  more  natural  and  the  dog- 
i  gives  way  to  the  ball-flower.  Some  of  the  hollows,  also,  are  ornamented 
rosettes  set  at  intervals,  which  are  sometimes  connected  by  a  running  tendril, 
>  ball-flowers  are  frequently.  Some  very  pleasing  leaf>like  ornaments  in  the 
(  of  windows  are  often  found  in  Continental  architecture.  In  the  Perpen- 
ir  period  the  moldings  are  ornamented  very  frequently  by  square  four- 
d  flowers  set  at  intervals,  but  the  two  characteristic  ornaments  of  the  time 
inning  patterns  of  vine  leaves,  tendrils,  and  grapes  in  the  hollows,  which 
kJ  leriter^  are  called  "vignettes  in  casements,"  and  upright  stiff  leaves, 
ally  called  the  Tudor  leaf.  On  the  Continent  moldings  partook  mnch  of 
line  character. 

lllion,  Mnnion.  The  perpendicular  pieces  of  stone,  sometimes  like  col- 
,  sometimes  like  slender  piers,  which  divide  the  bays  or  lights  of  windows 
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o '  aoeen-work  from  each  other.    In  all  styles,  in  less  important  wock,  thei 
lions  are  often  simpb'^  plain  chamfered,  and  more  commonly  havea  vcqrii:l 
low  on  each  side.    In  larger  buildings  there  is  often  a  bead  or  boutell  oa  thet 
and  often  a  single  very  small  colunm  with  a  capitaL    As  traceiy  grew  ndaa^ 
windows  were  divided  by  a  larger  order  of  muUion,  between  which  came  tl 
or  subordinate  set  of  muUions,  which  ran  into  each  other.    The 
applied  to  a  wood  or  iron  division  between  two  windows. 

Miiltif  oil.  A  leaf  ornament  consisting  of  more  than  five  divisions,  ipp&rfl 
foils  In  windows. 

Mutule.  The  rectangular  impending  block  under  the  corona  of  the  Di( 
cornice,  from  which  gutts  or  drops  depend.  Mutule  is  equivalent  to  modS^ 
but  the  latter  term  is  applied  more  particularly  to  enriched  blocks  or  bncki^ 
such  as  those  of  Ionic  and  Corinthian  entablatures.  \ 

Narthex.  The  long  arcaded  porch  forming  the  entrance  into  the  Chrifll 
basilica.  Sometimes  there  was  an  inner  narthex,  or  lobby,  before  eatedif  il 
church.  When  this  was  the  case,  the  former  was  called  ezo-naithex,  acdi 
latter  eso-narthex.  In  the  Byzantine  churches  this  inner  narthex  forais  putj 
the  solid  structure  of  the  church,  being  marked  oS  by  a  wall  or  row  oi  oaiio^ 
whereas  in  the  Latin  churches  it  was  usually  formed  only  by  a  wooden  or  od^ 
temporary  screen.  j 

Natural  Beds.  In  stratified  rocks,  the  surface  of  a  stone  as  it  lis  is  i 
quarry.    If  not  laid  in  walls  in  their  natural  bed  the  iftmina*  separate. 

Nave.  The  central  part  between  the  arches  of  a  church,  which  fonno^w 
separated  from  a  chancel  or  choir  by  a  screen.  It  is  so  called  trom  its  iucd 
resemblance  to  a  ship.  In  the  nave  were  generally  placed  the  pulpit  and  ai 
In  continental  Europe  it  often  &I90  contains  a  high  altar,  but  this  is  of  ■ 
occurrence  in  England. 

Necking.  The  annulet  or  round,  or  series  of  horizontal  m(d<fings,  «tt 
separate  the  capital  of  a  colunm  from  the  plain  part  or  shaft.  i 

Newel.  In  mediaeval  architecture,  the  circular  ends  of  a  winding  stufl 
which  stand  over  each  other,  and  form  a  sort  of  cylindrical  column.  i 

Newel  Post.  The  post,  plain  or  ornamented,  placed  at  the  fixst,  or  M 
step,  to  receive  or  start  the  hand>rail  upon.  ^ 

Niche.  A  recess  sunk  in  a  wall,  generally  for  the  reception  of  s  soil 
Niches  sometimes  terminate  by  a  simple  label,  but  more  commonly  byaca^l 
and  with  a  bracket  or  corbel  for  the  figure,  in  which  case  they  are  oftea  cM 
tabernacles.  I 

Norman  Style.    Was  that  species  of  Romanesque  wluch  was  practised  M 

Normans,  and  which  was  introduced  and  fully  developed  in  England  after  ^ 
had  established  themselves  in  it.  The  chief  features  of  this  style  are  pIflM 
and  massiveness.  The  arches,  windows,  and  doorways  were  semidrad«.i 
pillars  were  very  massive,  and  often  built  up  of  small  stones  laid  like  bficiH 

Nosings.  The  rounded  and  projecting  edges  of  the  treads  of  a  stair,  ff ' 
edge  of  a  landing. 

Obelisk.  Lofty  pillars  of  stone,  of  a  rectangular  form,  diminishing  tanaxB 
top,  and  generally  ornamented  with  inscriptions  and  hieroglyi^cs  a»oaj:l 
ancient  Egyptians. 

Observatory.    A  building  erected  on  an  elevated  spot  of  ground  ior  1 

astronomical  observations. 

Octostyie.    A  portico  of  eight  columns  in  front. 
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Offsets.  When  the  face  of  a  wall  is  not  one  continued  surface,  but  sets  in  by 
isontai  jogs,  as  the  wall  grows  higher  and  thinner,  the  jogs  are  called  offsets. 

^gee.  The  name  applied  to  a  molding,  partly  a  hollow  and  partly  a  round, 
derived  no  doubt  from  its  resemblance  to  an  O  placed  over  a  G.  It  is  rarely 
id  in  Norman  work,  and  is  not  very  common  in  Early  English.  It  is  of  fro- 
nt use  in  Decorated  work,  where  it  becomes  sometimes  double,  and  is  called  a 
re  molding;  and  later  still,  two  waves  are  connected  with  a  small  bead,  which 
ben  called  a  brace  molding.    In  ancient  MSS.  it  is  called  a  Ressaunt. 

hrchestra.  In  andent  theaters,  where  the  chorus  used  to  dance;  in  modem 
Iters,  where  the  musicians  sit. 

^rder.  A  column  with  its  entablature  and  stylobate  is  so  called.  The  term  is 
result  of  the  dogmatic  laws  deduced  from  the  writings  of  Vitruvius,  and  has 
Q  exclusively  applied  to  those  arrangements  which  they  were  thought  to 
rant. 

Mel  Window.  Gothic:  a  projecting  angular  window,  commonly  of  a  tri- 
oal  or  pentagonal  form,  and  divided  by  mullions  and  transoms  into  different 
s  and  compartments. 

Orthography.  A  geometrical  elevation  of  a  building  or  other  object  in  which 
i  represented  as  it  actually  exists'or  may  exist,  and  not  perspectively,  or  as  it 
dd  appear. 

Orthostyle.  A  columnar  arrangement  in  which  the  columns  are  placed  in  a 
ight  line. 

^olo.     Same  as  Echinus. 

lagoda.    A  name  given  to  temples  in  India  and  China. 

'alace.    The  dwelling  of  a  king,  prince,  or  bishop. 

*§le.    A  fence  picket,  sharpened  at  the  upper  end. 

'luie.  Probably  a  diminutive  of  panneau,  a  term  applied  to  the  different 
:es  of  glass  in  a  window;  same  as  Light. 

'ftnel.  Properly  a  piece  of  wood  framed  within  four  other  pieces  of  wood,  as 
be  styles  and  rails,  of  a  door,  filling  up  the  aperture,  but  often  applied  both  to 
whole  square  frame  and  the  sinking  itself;  also  to  the  ranges  of  sunken  com- 
jnents  in  wainscoting,  cornices,  corbel  tables,  groined  vaults,  ceilings,  etc. 

Uxtograph,  or  Pentagraph.  An  instrument  for  cop3ring  on  the  same,  or  an 
.rged  or  reduced  scale. 

antry.  An  apartment  or  closet  in  which  bread  and  other  provisions  are 
t. 

apier-mache.  A  hard  substance  made  of  a  pulp  from  rags  or  paper  mixed 
I  size  or  glue,  and  molded  into  any  desired  shape.  Much  used  for  architec- 
1  ornaments. 

arapet.  A  dwarf  wall  along  the  edge  of  a  roof,  or  round  a  terrace  walk,  etc., 
revent  persons  from  falling  over,  and  as  a  protection  to  the  defenders  in  case 
.  siege.  Parapets  are  either  plain,  embattled,  perforated,  or  paneled.  The 
two  arc  found  in  all  styles  except  the  Norman.  Plain  parapets  are  simply 
ions  of  the  wall  generally  overhanging  a  little,  with  coping  at  the  top  and 
el  table  below.  Embattled  parapets  are  sometimes  paneled,  but  oftener 
»i  for  the  discharge  of  arrows,  etc.  Perforated  parapets  are  pierced  in 
JUS  devices  —  as  circles,  trefoils,  quatrefoils,  and  other  designs — so  that  the 
;  is  seen  through.  Paneled  parapets  are  those  ornamented  by  a  series  of 
sis,  eitner  oblong  or  square,  and  more  or  less  enriched,  but  are  not  perforated, 
le  are  common  in  the  Decorated  and  Perpendicular  periods. 
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Pargeiiiic*    A  species  of  plastering:  decorated  by  impressing  pattens 
when  wet.    These  seem  generally  to  have  been  made  by  sticking  a 
fans  in  a  board  in  certain  lines  or  curves)  and  then  pressing  on  the  wet 
various  directions,  so  as  to  form  geometrical  figures.     Sometimes  these 
are  in  relief,  and  in  the  time  of  Elizabeth  represent  figures*  birds,  foliages^ 
Rough  plastering,  commonly  adopted  for  the  interior  surface  of  chimnQTi 

Parlor.  A  room  in  a  house  which  the  family  usually  occupy  for  sodetri^ 
conversation,  and  for  receiving  visitors.  The  apartment  in  a  raoBastarl 
nunnery  where  the  inmates  are  permitted  to  meet  and  converse  with  eacb  t^ 
or  with  visitors  and  friends  from  without.  i 

Parochial.    Belonging  or  relating  to  a  parish. 

Parquetry,  or  Marquetry.  A  kind  of  inlaid  floor  composed  of  smsfi  ptd 
of  wood  either  square  or  triangular,  which  are  capable  of  forming,  fay  the:  a 
position,  various  combinations  of  figures;  this  description  of  joinery  ii  v4 
suitable  for  the  floors  of  libraries,  halls,  and  public  apartments. 

Party  Walls.  Partitions  of  brick  or  stone  between  buildings  on  two  adjoin^ 
properties. 

Patera.  A  circular  ornament  resembling  a  dish,  often  worked  in  rdi^l 
friezes,  etc. 

Pavement.  Tessellated,  a  pavement  of  mosaic  work, 
used  by  the  ancients,  made  of  square  pieces  of  stone,  etc., 
called  Tessera. 

Pavilion.  A  turret  or  small  insulated  building,  and 
comprised  beneath  a  single  roof;  also,  the  projecting 
part  in  front  of  a  building  which  marks  the  centre,  and 
which  sometimes  flanks  a  comer,  when  it  is  termed  an 
angular  pavilion.  paieka 

Pedestal.  The  square  support  of  a  column,  statue, 
etc.;  and  the  base  or  lower  part  of  an  order  of  columns:  it  consists  of  a  [^ 
for  a  base,  the  die,  and  a  talon  crowned  for  a  cornice.  When  the  hetgki|| 
width  are  equal,  it  is  termed  a  square  pedestal;  one  which  supports  two  ccdssfl 
a  double  pedestal;  and  if  it  supports  a  row  of  columns  without  any  break  n 
a  continued  pedestal. 

Pediment.  A  low  triangular  crowning,  ornamented,  in  front  of  a  boltfl 
and  over  doors  and  windows.  Pediments  are  sometimes  made  in  the  foca^ 
segment;  the  space  enclosed  within  the  triangle  is  called  the  tympanum,  tt 
the  gable  ends  of  classic  buildings,  where  the  horizontal  cornice  is  carried  aom 
the  front,  forming  a  triangle  with  the  end  of  the  roof.  i 

Pendent.  A  name  given  to  an  elongated  boss,  either  mokled  or  foi4| 
such  as  hang  down  from  the  intersection  of  groins,  e^;)ecially  in  fan  tncas4 
at  the  end  of  hammer  beams.  Sometimes  long  corbels,  imder  the  wall  pi* 
have  been  so  called.  The  name  has  also  been  given  to  the  large  m^ssfs  dq«^ 
ing  from  enriched  ceilings,  in  the  later  works  of  the  Pointed  style. 

Pendent  Posts.  A  name  given  to  those  timbers  which  hang  down  the  a^ 
a  wall  from  the  plate  in  hammer  beam  trusses,  and  which  receive  the  faaij 
braces. 

Pendentlve.    A  name  given  to  an  arch  ^diich  cuts  off,  as  it  wece,  the 
of  a  square  building  internally,  so  that  the  superstructure  may  become ao  < 
or  a  dome*    In  medieval  architecture  these  arches,  when  imder  a  $pBt 
Interior  of  a  tower,  are  called  Squinches. 
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FemUnthre  BrmdMtiiic,  or  Cove  Bracketing.  Springing  from  the  rec- 
ogular  walk  of  an  apartment  tq[>ward  to  the  ceiling,  and  forming  the  horizon* 
1  part  of  the  ceihng  into  a  drde  or  ellipse. 

Pentaatyle.    Having  five  colimins  in  front. 

Pent-roof.    A  roof  with  a  slope  on  one  side  only. 

Perch.    A  measure  used  in  measuring  stone  work,  being  24^  cu  ft  and  16H 
ft,  according  to  locality  and  custom. 

Periptery.    An  edifice  or  temple  surrounded  by  a  peristyle. 

Peilatyle.  A  range  of  columns  encircling  an  edifice,  such  as  that  which  sur- 
ands  the  cylindrical  drum  under  the  cupola  of  St.  Paul's.  The  columns  of  a 
«ek  peripteral  temple  form  a  peristyle  also,  the  former  being  a  circular,  and 
e  latter  a  quadrilateral  peristyle. 

Perpendicular  Style.    The  third  and  last  of  the  Pointed  or  Gothic  styles; 

0  called  the  Florid  style. 

PerspectiTe  Drawing.  The  art  of  making  such  a  representation  of  an  object 
on  a  plane  surface  as  shall  present  precisely  the  same  appearance  that  the 
ject  itself  would  to  the  eye  situated  at  a  particular  point. 

Pewe.  A  word  of  uncertain  origin,  signifjring  fixed  seats  in  churches,  com- 
8ed  of  wood  framing,  mostly  with  ornamented  ends.  They  seem  to  have  come 
to  general  use  early  in  the  reign  of  Henry  VI,  and  to  have  been  rented  and 
rell  paid  for"  before  the  Reformation.  Some  bench  ends  are  certainly  of  a 
corated  character,  and  some  have  been  considered  to  be  of  the  Early  English 
dod.  They  are  sometimes  of  plain  oak  board,  two  and  a  half  to  three  inches 
ick,  chamfered,  and  with  a  necking  and  finial,  generally  called  a  poppy  head; 
tiers  are  plainly  paneled  with  bold  cappings;  in  others  the  panels  are  oma- 
mted  with  tracery  or  with  the  linen  pattern,  and  sometimes  with  running 
iages.  The  divisions  are  filled  in  with  thin  chamfered  boarding,  sometimes 
iching  to  the  floor,  and  sometimes  only  from  the  capping  to  the  seat. 

[HckeC.  A  narrow  board,  often  pointed,  used  'm  making  fences;  a  pale  or 
Kng. 

Pier-glase.    A  mirror  hanging  between  windows. 

Kers.  The  solid  parts  of  a  wall  between  windows,  and  between  voids  gener- 
y.  The  term  is  also  applied  to  masses  of  brick-work  or  masonry  which  are 
iulated  to  form  supports  to  gates  or  to  carry  arches,  posts,  girders,  etc. 

Pilasters.  Are  flat  square  colunms,  attached  to  a  wall,  behind  a  column,  or 
»ng  the  side  of  a  building,  and  projecting  from  the  wall  about  a  fourth  or  a 
th  part  of  their  breadth.  The  Greeks  had  a  slightly  dififerent  design  for  the 
Mtals  of  pilasters,  and  made  them  the  same  width  at  top  as  at  bottom,  but  the 
imans  gave  them  the  same  capitals  as  the  columns,  and  made  them  of  dt- 
Dished  width  at  the  top,  similar  to  the  columns. 

Pile.  A  large  stake  or  trunk  of  a  tree,  driven  into  soft  ground,  as  at  the 
ttom  of  a  river,  or  in  made  land,  for  the  support  of  a  building.     (See  p.  188.) 

Pillar,  or  Pyller.  A  word  generally  used  to  express  the  round  or  polygonal 
IS,  or  those  surrounded  with  clustered  columns,  which  carry  the  main  arches 
a  building.  Saxon  and  Early  Norman  pillars  are  generally  stout  cylindrical 
tfts  built  up  of  small  stones.  Sometimes,  however,  they  are  quite  square. 
Betimes  with  other  squares  breaking  out  of  them  (this  is  more  conunon  in 
tnch  and  German  work),  sometimes  vrith  angular  shafts*  and  sometimes  they 

1  plain  octagons.  In  Romanesque  Norman  work  the  pillar  is  sometimes 
lare,  with  two  or  more  semicircular  or  half-colunws  attached.    In  the  Early 
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English  period  the  pillars  become  loftier  and  lighter,  and  in  most 
buildings  are  a  series  of  clustered  columns,  frequently  of  marble,  pbced 
side,  sometimes  set  at  intervals  round  a  circular  centre,  and  somethnes 
touching  each  other.  These  shafts  are  often  wholly  detached  from  the 
pillar,  though  grouped  round  it,  in  which  case  they  are  almost  always  of  Pi 
or  Bethersden  marbles.  In  Decorated  work  the  shafts  on  plan  are  verv 
placed  round  a  square  set  anglewise,  or  a  lozenge,  the  long  way  down  the 
the  centre  or  core  itself  is  often  worked  into  hollows  or  other  moldings,  to 
between  the  shafts,  and  to  form  part  of  the  composition.  In  this  and  the  hM 
part  of  the  previous  style  there  is  generally  a  fillet  on  the  outer  part  of  the  sUfc 
forming  what  has  been  called  a  keel  molding.  They  arc  also  often,  as  it 
tied  together  by  bands  formed  of  rings  of  stone  and  sometimes  of  meUl.  Ikj 
small  pillars  at  the  jambs  of  doors  and  windows,  and  in  arcades,  and  also  tbfll 
slender  columns  attached  to  pillars,  or  standing  detached,  are  generally  caU 
shafts. 

Pin.  A  cylindrical  piece  of  wood,  iron,  or  steel,  used  to  hold  two  or  umb 
pieces  together,  by  passing  through  a  hole  in  each  of  them,  as  in  a  mortise  td 
tenon  joint,  or  a  pin  joint  of  a  truss. 

Pinnacle.  An  ornament  originally  forming  the  cap  or  crown  of  a  butticaii 
small  turret,  but  afterwards  used  on  parapets  at  the  corners  of 
towers  and  in  many  other  situations.  It  was  a  weight  to  counter- 
act the  thrust  of  the  groining  of  roofs,  particularly  where  there 
were  flying  buttresses;  it  stopped  the  tendency  to  slip  of  the  stone 
copings  of  the  gables,  and  counterpoised  the  thrust  of  spires;  it 
formed  the  piers  to  steady  the  elegant  perforated  parapets  of 
later  periods;  and  in  France,  especially,  served  to  counterbalance 
the  weight  of  overhanging  corbel  tables,  huge  gargoyles,  etc  In 
the  Early  Engish  period  the  smaller  buttresses  frequently  finished 
with  gablets,  and  the  more  important  with  pinnacles  supported 
with  clustered  shafts.  At  this  period  the  pinnacles  were  often 
supported  on  these  shafts  alone,  and  were  open  below;  and  in 
larger  work  in  this  and  the  subsequent  periods  they  frequently  form 
niches  and  contain  statues.  In  France,  pinnacles,  like  spires, 
seem  to  have  been  in  use  earlier  than  in  England.  There  are  small 
pinnacles  at  the  angles  of  the  tower  in  the  Abbey  of  Saintes.  At 
Roullet  there  are  pinnacles  in  a  similar  position,  each  composed  of  p^iiucu 
four  small  shafts,  with  caps  and  bases  surmounted  with  small 
pyramidal  spires.  In  all  these  examples  the  towers  have  semicircular  heiti 
•vindows. 

Pitch  of  a  Roof.  The  proportion  obtained  by  dividing  the  height  by  ^ 
span;  thus,  we  speak  of  its  being  one- half,  one-third,  one-fourth.  Wlus  (H 
lenirth  of  the  rafters  is  equal  to  the  breadth  of  the  building  it  is  denomiasst^ 
Gothic. 

Pitching-piece.  A  horizontal  d^nber,  with  one  of  its  ends  wedged  mto  tkl 
wall  at  the  top  of  a  flight  of  stairs,  to  su* 'port  the  upper  end  of  the  rough  stria^ 

Place.  An  open  piece  of  ground  surrounded  by  buildings,  generally  decoizti^ 
with  a  statue,  colunm,  or  other  ornament. 

Plan.  A  horizontal  geometrical  section  of  the  walls  of  a  building;  or  toA 
cations,  on  a  horizontal  plane,  of  the  relative  positions  of  the  walls  and  partitiflf 
with  the  various  openings,  such  as  windows  and  doors,  recesses  and  projecQctf 
chimneys  and  chimney-breasts,  columns,  pilasters,  etc.  This  t«sm  is  flfta 
iDCorrectly  used  in  the  sense  of  Des»«n. 


Caossary  1837 

Planceer.  Is  sometimiM  used  in  the  same  sense  as  soffit,  but  is  more  correctly 
plied  to  the  soffit  of  the  corona  in  a  cornice. 

Plaatering.  A  mixture  of  lime,  hair,  and  sand,  to  cover  lath-work  between 
abers  or  rough  walling,  used  from  the  earliest  times,  and  very  common  in 
)man  work.  In  the  Middle  Ages,  too,  it  was  used  not  only  in  private,  but  in 
.blic  constructions.  On  the  inside  face  of  old  rubble  walls  it  was  not  only  used 
r  purposes  of  cleanliness,  rough  work  holding  dirt  and  dust,  but  as  a  ground 
:  distemper  painting  (tempera,  or,  as  it  is  often  Improperly  called,  fresco),  a 
edes  of  ornament  often  used  in  the  Middle  Ages.  At  St.  Albans  Abbey,  £ng- 
id,  the  Norman  work  is  plastered,  and  covered  with  lines  imitating  the  joints 
stone.  The  same  thing  is  found  in  English  Perpendicular  work.  On  the  out- 
te  of  rubble  walls,  and  often  of  wood  framing,  it  was  used  as  roughcast;  when 
aamented  in  patterns  outside,  it  is  called  pargeting- 
Plate.  The  piece  of  timber  in  a  building  which  supports  the  end  of  the 
iters. 

Plinth.  The  square  block  at  the  base  of  a  colunm  or  pedestal.  In  a  wall,  the 
rm  plinth  is  applied  to  the  projecting  base  or  water  table,  generally  at  the  level 
the  &rst  floor. 

Plumb.  Perpendicular;  that  is,  standing  according  to  a  plumb  line,  as,  the 
St  of  a  house  or  wall  is  plumb. 

Plnmbing.  *  The  lead  and  iron  pipes  and  other  apparatus  employed  in  con- 
ying  water,  and  for  toilet  purposes  in  a  building;  originally  the  art  of  casting 
d  working  in  lead. 

Ply.  Used  to  denote  the  number  of  thicknesses  of  roofing  paper,  as  three  ply 
IT  ply,  etc. 

Podium.  A  continued  pedestal;  a  projection  from  a  wall,  forming  a  kind  ot 
ilery. 

Polytriglyph.  An  intercolumniation  in  the  Doric  order  of  more  than  two 
glyphs. 

Poppy  Heads.    Probably  from  the  French  poupie:  the  finials  or  other  oma- 

^ts  which  terminate  the  tops  of  bench  ends,  either  to  pews  or 

ills.    They  are  sometimes  small  human  heads,  sometimes  richly 

rved  images,  knots  of  foliage,  or  finials,  and  sometimes  fleurs- 

-lis  simply  cut  out  of  the  thickness  of  the  bench  end  and  cham- 

"ed. 

Porch.     A  covered  erection  forming  a  shelter  to  the  entrance 

or  of  a  large  building.    The  earliest  known  are  the  long  arcaded 

rches  in  front  of  the  early  Christian  basilicas,  called  Narthex. 

later  times  they  assume  two  forms — one,  the  projecting  erection 

vering  the  entrance  at  the  west  front  of  cathedrals,  and  divided 

to  three  or  more  doorways,  etc. ;  and  the  other,  a  kind  of  covered 

2unbers  open  at  the  ends,  and  having  small  windows  at  the  sides  ^^^^^  head 

a  protection  from  rain. 

Portal.  A  name  given  to  the  deeply  recessed  and  richly  decorated  entrance 
lors  to  the  cathedrals  in  Continental  Europe. 

Portcullis.  A  strong-framed  grating  of  oak,  the  lower  points  shod  with  iron, 
id  sometimes  entirely  made  of  metal,  hung  so  as  to  slide  up  and  down  in  grooves 
th  counterbalances,  and  intended  to  protect  the  gateways  of  castles,  etc. 

Portico.  An  open  space  before  the  door  or  other  entrance  to  any  building, 
>atcd  with  colimms.    A  portico  is  distinguished  as  prostyle  or  in  trntis  accord- 
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ing  as  it  projects  from  or  recedes  within  the  building,  and  is  further 
by  the  number  of  columns  its  front  may  consist  of. 

Post.  Square  timbers  set  on  end.  The  term  b  e^iecially  applied  to  tkt 
which  support  the  corners  of  a  building,  and  are  framed  into  bressumi^ax 
crossbeams  under  the  walls. 

Posticum.    A  portico  behind  a  temple. 

Presbjrtery.  A  word  applied  to  various  parts  of  lar^  churches  in  a  tct 
ambiguous  way.  Some  consider  it  to  be  the  choir  itself;  others,  whst  b  aec 
named  the  sacrarium.  Traditionally,  however,  it  seems  to  be  applied  to  ik 
vacant  space  between  the  back  of  the  high  altar  and  the  entrance  to  the  httf- 
chapel,  as  at  Lincoln  and  Chichester;  in  other  words,  the  back-  or  retrD-dn. 

Priming.  The  laying  on  of  the  first  shade  of  color,  in  oil  paint,  and  geaen^ 
consisting  mostly  of  oil,  to  protect  and  fill  the  wood. 

Priory.  A  monastic  establishment,  generally  in  connection  with  as  ahfer, 
and  presided  over  by  a  prior,  who  was  a  subordinate  to  the  abbot,  and  hdd  srai 
the  same  relation  to  that  dignitary  as  a  dean  does  to  a  bishop. 

Profile.  The  outline;  the  contour  of  a  part,  or  the  parts  composing  an  aid:; 
as  of  a  base,  cornice,  etc.;  also,  the  perpendicular  section.  It  is  in  the  j^ 
proportion  of  their  profiles  that  the  chief  beauties  of  the  different  orders  < 
architecture  depend.  The  ancients  were  most  careful  of  the  profiles  of  t^ 
moldings. 

Proscenittin.  The  front  part  of  the  stage  of  ancient  theaters,  on  vUd  tk 
actors  performed. 

Prostyle.  A  portico  in  which  the  columns  project  from  the  bmlding  to  v^ 
it  is  attached. 

Protractor.  A  mathematical  instrument  for  laying  down  and  meassir:! 
angles  on  paper,  used  in  drawing  or  plotting. 

Pseudo-dipteral.  False  double-winged.  When  the  inner  row  of  oohunss  d 
a  dipteral  arrangement  is  omitted  and  the  space  from  the  wall  of  the  bdldii^H 
the  columns  is  preserved,  it  is  pseudo-dipteral. 

Puddle.  To  settle  loose  dirt  by  turning  on  water,  so  as  to  render  it  fine  oi 
solid. 

Pugging.  A  coarse  kind  of  mortar  laid  on  the  boarding,  betweoi  floor  jss^ 
to  prevent  the  passage  of  sound;  also  called  deafening. 

Pulfrit.  A  raised  platform  with  enclosed  front,  whence  sermons,  homilies  etc^ 
were  delivered.  Pulpits  were  probably  derived  in  their  modem  form  froa  ta 
ambones  in  the  early  Christian  church.  There  are  many  old  pulpits  of  staa^i 
though  the  majority  are  of  wood.  Those  in  the  churches  are  generalls'  hen|5«J 
or  octagonal;  and  some  stand  on  stone  bases,  and  others  on  slender  wotAi 
stems,  like  columns.  The  designs  vary  according  to  the  periods  in  which  tirj 
were  erected,  having  paneling,  tracery,  cuspings,  crockets,  and  other  omaaK"^ 
then  in  use.  Some  are  extremely  rich,  and  ornamented  with  color  azkd  gfldsf 
A  few  also  have  fine  canopies  or  sounding  boards.  Their  usual  place  b  ic  ih 
nave,  mostly  on  the  north  side,  against  the  second  pier  from  the  chancd  aix^ 
Pulpits  for  addressing  the  people  in  the  open  air  were  comm<m  in  the  MediK« 
period,  and  stood  near  a  road  or  cross.  Thus,  there  was  <Mie  at  Spitalfietdx  ^ 
one  at  St.  Paul's,  London.  External  pulpits  still  remain  at  Magdalen  Cdl^ 
Oxford,  and  at  Shrewsbury,  England. 

Purlins.  Those  pieces  of  timbers  which  support  the  rafters  to  pre%-ent  tka 
from  sinking. 
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Putlog.  Horizontal  pieces  for  supporting  the  floor  of  &  scaffold,  one  end  being 
serted  into  putlog  holes,  left  for  that  purpose  in  the  masoniy. 

Putty  in  Piastering.    Lump  lime  slacked  with  water  to  the  consistency  of 
cam,  and  then  left  to  harden  by  evaporation  till  it  becomes  like  soft  putty.    It 
then  mixed  with  plaster  of  Paris,  or  sand,  for  the  finishing  coat. 

PuzzckUna.    A  grayish  earth  used  for  building  under  water. 

Pyramid.  A  solid,  having  one  of  its  sides,  called  a  base,  a  plane  figure,  and 
le  other  sides  triangles,  these  points  joining  in  one  point  at  the  top,  called  the 
ertex.  Pyramids  are  called  triangular,  square,  etc.,  according  to  the  form  of 
leir  bases. 

Pyz.  In  Roman  Catholic  churches,  the  box  in  which  the  host,  or  consecrated 
afer,  is  kept. 

Quadrangle.  A  square  or  quadrangular  court  surrounded  by  buildings,  as 
'Bs  often  done  formerly  in  monasteries,  colleges,  etc. 

Quarry.    A  pane  of  glass  cut  in  a  diamond  or  lozenge  form. 

Quarry-face.  Ashlar  as  it  comes  from  the  quarry,  squared  off  for  the  joints 
nly,  with  split  face.  In  distinction  from  Rock-face,  in  that  the  latter  may  be 
reather-wom,  while  Quarry-face  should  be  fresh  split.  The  terms  are  often 
sed  indiscriminately. 

Qaatref  oil.  Any  small  panel  or  perforation  in  the  form  of  a  four-leaved  flower, 
ioaietimes  used  alone,  sometimes  in  circles  and  over  the  aisle  windows,  but  more 
requently  in  square  panels.  They  are  generally  cusped,  and  the  cusps  are  often 
eathered. 

Queen  Truss.  A  truss  framed  with  two  vertical  tie-posts,  in  distinction  from 
he  king-post,  whkh  has  but  one.    The  upright  ties  are  called  Queen-posts. 

'  Qisirk  Moldings.  The  convex  part  of  Grecian  moldings  when  they  recede  at 
he  top,  forming  a  reentrant  angle,  with  the  surface  which  covers  the  moldings. 

Quoins.  Large  squared  stones  at  the  angles  of  buildings,  buttresses,  etc., 
^nerally  used  to  stop  the  rubble  or  rough  stone  work,  and  that  the  angles  may 
>e  true  and  stronger.  Saxon  quoin  stones  are  said  to  have  been  composed  of 
me  long  and  one  short  stone  alternately.  Early  quoins  are  generally  roughly 
ixed;  in  later  times  they  had  a  draught  tooled  by  the  chisel  round  the  outside 
idges,  and  later  still  were  worked  fine  from  the  saw. 

Rafters.  The  joist  to  which  the  roof  boarding  is  nailed.  Principal  rafters 
ire  the  upper  timbers  in  a  truss,  having  the  same  inclination  as  the  common 
rafters. 

Rail.  A  piece  of  timber  or  metal  extending  from  one  post  to  another,  as  in 
tences,  balustrades,  staircases,  etc.  In  framing  and  paneling,  the  horizontal 
pieces  are  called  rails,  and  the  perpendicular,  sHUs. 

Raking.    Moldings  whose  arrises  are  inclined  to  the  horizon. 

Ramp.  A  concavity  on  the  upper  side  of  hand  railings  formed  over  risers, 
made  by  a  sudden  rise  of  the  steps  above.  Any  concave  bend  or  slope  in  the  cap 
or  upper  member  of  any  piece  of  ascending  or  descending  workmanship. 

Rampant.  A  term  applied  to  an  arch  whose  abutments  spring  from  an 
inclined  plane. 

Random  Work.  A  term  used  by  stone-masons  for  stones  fitted  together  at 
random  without  any  attempt  at  laying  them  in  courses.  Random  Coursed  Work 
is  a  like  term  applied  to  work  coursed  in  horizontal  beds,  but  the  stones  are  of  any 
height,  and  fitted  fo  one  another. 
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Range  Work.    Ashlar  laid  in  horizontal  courses;  same  as  oouned  asiihr. 

Rebate.    A  groove  on  the  edges  of  a  board. 

Recess.    A  depth  of  some  inches  in  the  thickness  of  a  wall,  as  a  nicbe,  tL 

Refectory.    The  hall  of  a  monastery,  convent,  etc.,  where  the  refigioosasi 
their  chief  meals  together.    It  much  resembled  the  great  halls  of  masaas 


castles,  etc.,  except  that  there  frequently  was  a  sort  of  ambo,  approadied  If 
steps,  from  which  to  read  the  Legenda  Sanctorum,  etc.,  during  meak. 

Reglet.  A  flat,  narrow  molding,  used  to  separate  from  each  other  die  pn 
or  members  of  compartments  and  panels,  to  form  frets,  knots,  etc 

RenaisMnce  (a  new  birth).  A  name  given  to  the  revival  of  Roman  arckiis- 
ture  which  sprang  into  existence  in  Italy  as  early  as  the  beginning  of  the  fiitnua 
century,  and  reached  its  zenith  in  that  country  at  the  dose  of  the  ceatiri 
There  are  several  divisions  of  this  style  as  developed  in  different  locafities;  vc. 

The  Florentine  Renaissance,  of  which  the  Pitti  Palace,  by  Brundiesrhi,  ista 
of  the  best  examples. 

The  Venetian  Renaissance,  characterized  by  its  elegance  and  ridmess. 

The  Roman  Renaissance,  which  origiBated  in  Rome,  under  the  aidheca 
known  as  Bronte,  Vignola,  and  Michael  Angclo.  Of  this  style  the  Famese  P^t 
St.  Peter's,  and  the  modem  Capitol  at  Rome  are  the  best  examples. 

The  French  Renaissance,  introduced  into  France  in  the  latter  part  dtkt- 
teenth  century,  by  Italian  architects,  where  it  flourished  until  the  middk  ci  ^k 
seventeenth  century.  The  Renaissance  style  was  introduced  into  Gaaezr 
about  the  middle  of  the  sixteenth  century,  and  into  En^^land  about  tbr  sot 
time  by  John  of  Padua,  architect  to  Henry  VIII.  This  style  in  Engbod  is  go- 
erally  known  under  the  name  of  Elizabethan. 

Rendering.  In  drawing,  finishing  a  perspective  drawing  in  ink  or  color,  ts 
bring  out  the  spirit  and  effect  of  the  design.  The  first  coat  of  plaster  oa  bai 
or  stone  work. 

Reredos,  Dorsal,  or  Dossel.    The  screen  or  other  ornamental  wod  at  t^ 

back  of  an  altar.  In  some  large  English  cathedrals,  as  Winchester,  DoifaaaL  St. 
Albans,  etc.,  this  is  a  mass  of  splendid  tabernacle  work,  reaching  ncai^  u>  ^ 
groining.  In  smaller  churches  there  are  sometimes  ranges  of  arcades  or  pandap 
behind  the  altars;  but,  in  general,  the  walls  at  the  back  and  sides  of  thieiD  vats 
plain  masonry,  and  adorned  with  hangings  or  paraments.  In  the  laige  cfautfe 
of  Continental  Europe  the  high  altar  usually  stands  imdcr  a  sort  of  canof?  cr 
dborium,  and  the  sacrarium  is  hung  round  at  the  back  and  ^dtswithairtainss 
movable  rods. 

Reticulated  Work.  That  in  which  the  courses  are  arranged  in  a  fonDO  5ke 
the  meshes  of  a  net.    The  stones  or  bricks  are  square  and  placed  k)^eDg^''^ 

Return.  The  continuation  of  a  molding,  projection,  etc.,  in  an  orbss 
direction. 

Return  Head.    One  that  appears  both  on  the  face  and  edge  of  a  voii. 

Reveal.  The  two  vertical  sides  of  an  aperture,  between  the  f nnt  of  a  irall  as 
the  window  or  door  frame. 

Rib.  A  molding  or  prbjecting  piece  upon  the  interior  of  a  vault,  or  oaed  » 
form  tracery  and  the  like.  The  earliest  groining  had  no  ribs.  In  earlj*  Xona^ 
times  plain  flat  arches  crossed  each  other,  forming  ogive  ribs.  These  by  degree 
became  narrower,  had  greater  projection,  and  were  chamfered.  In  hter  New- 
man work  the  ribs  were  often  formed  of  a  large  roll  placed  upon  the  flat  bud, 
and  then  of  two  rolls  side  by  side  with  a  smaller  roll  or  a  fillet  between  th«a 
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uch  like  the  lower  member.  Sometimes  they  are  emiched  with  ugzags  and 
Jber  Norman  decorations,  and  about  this  time  bosses  became  of  very  general 
se.  As  styles  progressed,  the  moldings  were  more  undercut,  richer,  and  more 
iaborate,  and  had  the  dog-tooth  or  ball-flower  or  other  characteristic  ornament 
i  the  hollows.  In  all  instances  the  moldings  are  of  similar  contours  to  those 
I  arches,  etc.,  of  the  re^)ective  periods.  Later,  wooden  roofs  are  often  formed 
ito  cants  or  polygonal  barrel  vaults,  and  in  these  the  ribs  are  generally  a  duster 
F  rounds,  and  form  square  or  stellar  panels,  with  carved  bosses  or  shields  at  the 
itersections. 

Ridge.    The  top  of  a  roof  which  rises  to  an  acute  angle. 

Ridge-pole.  The  highest  horizontal  timber  in  a  roof,  extending  from  top  to 
yp  of  the  several  pairs  of  rafters  of  the  trusses,  for  supporting  the  heads  of  the 
ick  rafters. 

RilieTO,  or  Relief.    The  projection  of  an  architectural  ornament. 

Rise.  The  distance  through  which  anything  rises,  as  the  rise  of  a  stair,  or 
iclined  plane. 

Riser.    The  vertical  board  under  the  tread  in  stairs. 

Rococo  Style.  A  name  given  to  that  variety  of  the  Ren^ssance  which  was  in 
ogue  during  the  seventeenth  and  the  latter  part  of  the  sixteenth  century. 

Romanesque  Style.  The  term  Romanesque  embraces  all  those  styles  of  ar- 
hitecture  which  prevailed  between  the  destruction  of  the  Roman  Empire  and  the 
beginning  of  Gothic  architecture.  In  it  are  included  the  Early  Roman  Christian 
fchitecture,  Byzantine,  Mahometan,  and  the  later  Romanesque  architecture 
R-oper,  which  was  developed  in  Italy,  France,  England,  and  Gennany.  This 
ater  Romanesque,  which  was  quite  different  from  the  preceding,  came  into  vogue 
luring  the  tenth  century,  and  reached  its  height  during  the  twelfth  century,  and 
n  the  thirteenth  century  gave  way  to  the  Pointed  or  Gothic  style.  In  England, 
Romanesque  architecture  is  known  under  the  name  oi  the  Saxon,  Norman,  and 
]x>mbard  styles,  according  to  the  different  political  periods. 

Rood.  A  name  applied  to  a  crucifix,  particularly  to  those  which  were  placed 
n  the  rood-loft  or  chancel  screens.  These  generally  bad  not  only  the  image  of 
iie  crudhed  Saviour,  but  also  those  of  St.  John  and  the  Virgin  Mary  standing 
me  on  each  side.  Sometimes  other  saints  and  angels  are  by  them,  and  the  top 
>f  the  sd-een  is  set  with  candlesticks  or  other  decoration. 

Rood-loft,  Rood-screen,  Rood-beam,  Jube  Gallery,  etc.  The  arrange- 
neat  to  carry  the  crucifix  or  rood,  and  to  screen  off  the  chancel  from  the  rest  of 
the  church  during  the  breviary  services,  and  as  a  place  whence  to  read  certain 
E)arts  of  those  services.  Sometimes  the  crucifix  is  carried  simply  on  a  strong  trans- 
i^erse  beam,  with  or  without  a  low  screen,  with  folding-doors  below  but  forming  no 
;>art  of  such  support.  In  European  churches  the  general  construction  of  wooden 
K:reens  is  close  paneling  beneath,  about  3  feet  to  3  feet  6  inches  high,  on  which 
itands  screen  work  composed  of  slender  turned  balusters  or  regular  wooden 
mullions,  supporting  tracery  more  or  less  rich,  with  cornices,  cresting,  etc.,  and 
often  painted  in  brilliant  colors  and  gilded.  These  not  only  endose  the  chancels, 
but  also  chapels,  chantries,  and  sometimes  even  tombs.  In  English  mansions, 
und  some  private  houses,  the  great  halls  were  screened  off  by  a  low  passage  at  the 
end  opposite  to  the  dais,  over  which  was  a  gallery  for  the  use  of  minstrels  or 
spectators.    These  screens  were  sometimes  close  and  sometimes  glazed. 

Rood-tower.  A  name  given  by  some  writers  to  the  central  tower,  or  that 
over  the  intersection  of  the  nave  and  chancd  with  the  transepts. 


1S42  Glo68aiy  Put! 

Roof.    The  covering  or  upper  part  of  any  building. 
Roofing.    The  material  put  on  a  roof  to  make  it  water-tight. 

Rose  Window.  A  name  given  to  a  circular  window  with  radiating  txaco;; 
called  also  wheel  window. 

Rottrum.    An  elevated  platfonn  from  which  a  speaker  addresses  an  andicBO. 

Rotunda'.  A  building  which  is  round  both  within  and  without.  A  dmihr 
room  under  a  dome  in  large  buildings  is  also  called  the  rotunda. 

Roughcast.  A  sort  of  external  plastering  in  which  small  sharp  stones  ait 
mixed,  and  which,  when  wet,  is  forcibly  thrown  or  cast  from  a  trowel  against  tk 
wall,  to  which  it  forms  a  coating  of  pleasing  appearance.  Roughcast  work  hu 
been  used  in  Europe  for  several  centuries,  where  it  was  much  used  in  timber 
houses,  and  when  well  executed  the  work  is  soimd  and  durable.  The  moctar  for 
roughcast  work  should  always  have  cement  mixed  with  it. 

Rabble  Work.  Masonry  of  rough,  undressed  stones.  When  only  the  loiiijb- 
est  irregularities  are  knocked  o£F,  it  is  called  scabbled  rubble,  and  when  the  SUBa 
in  each  course  are  rudely  dressed  to  nearly  a  uniform  height,  ranged  rubble. 

Rudenture.  The  figiu«  of  a  rope  or  staff,  which  is  frequently  used  to  fill  19 
the  flutings  of  columns,  the  convexity  of  which  contrasts  with  the  conca\'it}^  c^ 
the  flutings,  and  serves  to  strengthen  the  edges.  Sometimes,  instead  of  a  ooovtx 
shape,  the  flutings  are  filled  with  a  flat  surface;  sometimes  they  are  ocnamentaHj 
carved,  and  sometimes  on  pilasters,  etc.  Rudentures  are  used  in  reBef  imkst 
flutings,  as  their  use  is  to  give  greater  solidity  to  the  lower  part  of  the  shaft,  wsi 
secure  the  edges.  They  are  generally  only  used  in  colvunns  which  rise  froia  the 
ground  and  are  not  to  reach  above  one^third  of  the  height  of  the  shaft 

Rustic  or  Rock  Work.  A  mode  of  building  in  imitation  of  nature.  Uss 
term  is  applied  to  those  courses  of  stone  work  the  face  of  which  is  jags^  cr 
picked  so  as  to  present  a  rough  surface.  That  work  is  also  called  rustic  in  vladi 
the  horizontal  and  vertical  channels  are  cut  in  the  joinings  of  stones,  so  that  wbea 
placed  together  an  angular  channel  is  formed  at  each  joint.  Frosted  rustic  %etri 
has  the  margins  of  the  stones  reduced  to  a  plane  parallel  to  the  plane  of  the  mH 
the  intermediate  parts  having  an  irregular  surface.  Venmctdated  rustic  work  ha 
these  intermediate  parts  so  woriced  as  to  have  the  appearance  of  having  bera 
eaten  by  worms.  Rustic  chamfered  work,  in  which  the  face  of  the  states  is 
smooth,  and  parallel  to  the  face  of  the  wall,  and  the  angles  beveled  to  an  axi^d 
one  hundred  and  thirty-five  degrees  with  the  face  so  that  two  stones  ooiaEi 
together  on  the  wall,  the  beveling  will  form  an  internal  right  argle. 

Sacristy.  A  small  chamber  attached  to  churches,  where  the  chaficeSy  vest- 
ments, books,  etc.,  were  kept  by  the  officer  called  the  sacristan.  In  the  asiy 
Christian  basilicas  there  were  two  semicircular  recesses  or  apsides,  one  on  each 
side  of  the  altar.  One  of  these  served  as  a  sacristy,  and  the  other  as  the  lBi&> 
theca  or  library.  Some  have  supiwsed  the  sacristy  to  have  been  the  place vfaere 
the  vestments  were  kept,  and  the  vestry  that  where  the  priests  put  them  on;  bat 
we  find  from  Durandus  that  the  sacrarium  was  used  for  both  these  pinpofes. 
Sometimes  the  place  where  the  altar  stands  enclosed  by  the  rails  has  been  cded 
sacrarium. 

Saddle  Bars.  Narrow  horizontal  iron  bars  passing  from  muUion  to  mulEcB. 
and  often  through  the  whole  window,  from  side  to  side,  to  steady  the  stone  wH. 
and  to  form  stays,  to  which  the  lead  work  is  secured.  When  the  bays  of  tk 
windows  are  wide,  the  lead  lights  are  further  strengthened  by  upr|^  bis 
passing  through  eyes  forged  on  the  saddle  bars,  and  called  ^anrb*^^    V*^ 
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uidle  bois  pass  right  through  the  mullioDs  in  ode  piece,  and  are  secui^  to  tlw 
BLmbs,  they  have  sometimes  been  called  stay  bars. 

Sagging.  The  bending  of  a  body  in  the  middle  by  its  own  weight,  or  the  load 
[pon  it. 

Salient.    A  projection. 

Salon.  A  spacious  and  elegant  apartment  for  the  reception  of  company,  or 
or  state  purposes,  or  for  the  reception  of  paintings,  and  usually  extending 
hrough  two  stories  of  the  house.  It  may  be  square,  oblong,  polygonal,  or 
irciilar. 

Sanctuary.  That  part  of  a  church  where  the  altar  is  placed;  also,  the  most 
acred  or  retired  part  of  a  temple.    A  place  for  divine  worahip;  a  church. 

Simctus  Bell-cot,  or  Turret.  A  turret  or  enclosure  to  hold  the  small  bell 
ounded  at  various  parts  of  the  service,  particularly  where  the  words  "  Sanctus," 
tc,  are  read.  This  differs  but  little  from  the  common  beli-cot,  except  that  it  is 
renerally  on  the  top  of  the  arch  dividing  the  nave  from  the  chanceL  Sometimes^ 
kowever,  the  bell  seems  to  have  been  i^ced  in  a  cot  outside  the  wall.  In  £ng« 
and  sanctus  bells  have  also  been  placed  over  the  gables  of  porches.  In  Conti* 
lental  Europe  they  run  up  into  a  sort  of  small  slender  spire,  called  flecke  in 
France,  and  guglio  in  Italy. 

Saracenic  Architecture.  That  Eastern  style  employed  by  the  Saracens^  and 
rliich  distributed  itself  over  the  world  with  the  religion  of  Mahomet.  It  is  a 
Dodification  and  combination  of  the  various  styles  of  the  countries  which  they 
XNOiquered. 

Sarcophagva.  A  tomb  or  coffin  made  of  stone,  and  intended  to  contain  the 
KKly. 

Sash.    The  framework  which  holds  the  glass  in  a  window. 
Scabble.    To  dress  off  the  rougher  projections  of  stones  for  rubble  masonry 
irith  a  stone  axe  or  scabbling  hammer. 

Scagliola.  An  imitation  of  colored  marbles  in  plaster  work,  made  by  a  com- 
>ination  of  gypsum,  glue,  isinglass,  and  coloring  matter,  and  finished  with  a  high 
x>lish,  invented  between  1600  and  1649. 

Scantling.  The  dimensions  of  a  piece  of  timber  in  breadth  and  thickness; 
dso,  studding  for  a  partition,  when  under  five  inches  square. 

Scarfing.  The  joming  and  boltmg  of  two  pieces  of  timber  together  trans- 
versely, so  that  the  two  appear  as  one. 

Sconce.    A  fixed  hanging  or  projecting  candlestick. 

Scotia.  A  concave  molding,  most  commonly  used  in  bases,  which  projects  a 
iecp  shadow  on  itself,  and  is  thereby  a  most  effective  molding  under  the  eye, 
IS  in  a  base.  It  is  like  a  reversed  ovok),  or,  rather,  what  the  mold  of  an  ovolo 
vould  present. 

Scratch  Coat.  The  first  coat  of  plaster,  which  is  scratched  to  afford  a  bond 
!or  the  second  coat. 

Screeds.  Long  narrow  strips  of  plaster  put  on  horizontally  along  a  wall,  and 
arefully  faced  out  of  wind,  to  serve  as  guides  for  plastering  the  wide  intervals 
between  them. 

Screen.  Any  construction  subdividing  one  part  of  a  buiMing  from  another, 
is  a  choir,  chantry,  chapel,  etc.  The  earliest  screens  are  the  low  marble  podia 
■hutting  off  the  chorus  cantantium  in  the  Roman  baiilicas,  and  the  periorated 
canceUi  enckoang  the  bema,  altar,  and  seats  of  the  bishops  and  presbyters.  The 
chief  screens  in  a  church  are  those  which  enclose  the  choir  or  the  place  where 
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the  breviary  services  are  recited.  In  Continenta]  Europe  this  is  done  sot  odf% 
doors  and  screen  work,  but  also,  when  these  are  of  open  work,  by  cajtiias.  a 
laity  having  no  part  in  these  services.  In  England  screens  were  of  tvo  kiac 
one,  of  open  wood-work,  generally  called  rood-screens  or  jubes,  and  which  a 
French  call  grilles,  cUtures  du  ckasur;  the  other,  massive  enclosures  off  stone  v« 
enriched  with  niches,  tabernacles,  canopies,  pinnacles,  status  cresdngs,  Ac^a^ 
at  Canterbury,  York,  Gloucester,  and  many  other  places.  i 

Scribing.    Fitting  wood-work  to  an  irregular  surface. 

Section.  A  drawing  showing  the  internal  heights  of  the  various  parts  di 
building.  It  supposes  the  building  to  be  cut  through  entirely,  so  as  to  edM 
the  walls,  the  heights  of  the  internal  doors  and  other  apertures,  the  heislitsW 
the  stories,  thicknesses  of  the  floors,  etc.  It  is  one  of  the  spedes  of  dnnp 
necessary  to  the  exhibition  of  a  Design. 

SedUia.  Seats  used  by  the  celebrants  during  the  pauses  in  the  mass.  Tbcf 
are  generally  three  in  number  —  for  the  priest,  deacon,  and  sub-deaau— aal 
are  in  England  almost  always  a  species  of  niches  cut  into  the  south  wal^  i 
churches,  separated  by  shafts  or  by  a  species  of  mullions,  and  crovaed  vid 
canopies,  p>innacles,  and  other  enrichments  more  or  less  elaborate.  The  piicaa 
and  ambry  sometimes  are  attached  to  them.  In  Continental  Europe  the  sedis 
are  often  movable  seats;  a  single  stone  seat  has  rarely  been  found. 

Set-off.  The  horizontal  line  shown  where  a  wall  is  reduced  in  thicknfw,  vA, 
consequently,  the  part  of  the  thicker  portion  appears  projecting  before  tbe 
thinner.  In  plinths  this  is  generally  amply  chamfered.  In  other  parts  of  vod 
the  set-off  is  generally  concealed  by  a  projecting  string.  Wher^  as  in  panpeti 
the  upper  part  projects  before  the  lower,  the  break  is  generally  hid  by  a  oorbe 
table.  The  portions  of  buttress  caps  which  recede  one  behind  another  are  ala 
called  set-offs. 

Shaft.  In  Classical  architecture  that  part  of  a  column  between  the  aedl:^* 
and  the  apophygc  at  the  top  of  the  base.  In  later  times  the  term  is  appl.i:  u 
slender  columns  cither  standing  alone  or  in  connection  with  pillars,  buttrcisc 
jambs,  vaulting,  etc. 

Shed  Roof,  or  Lean-to.  A  roof  with  only  one  set  of  rafters,  faOiag  f^°> 
a  higher  to  a  lower  wall,  like  an  aisle  roof. 

Shore.  A  piece  of  timber  placed  in  an  oblique  direction  to  support  a  boikiJo; 
or  wall  temporarily  while  it  is  being  repaired  or  altered. 

Shrine.  A  sort  of  ark  or  chest  to  hold  relics.  It  is  sometimes  merely  a  ssi^ 
box,  generally  with  a  raised  top  like  a  roof;  sometimes  an  actual  modd<t 
churches;  sometimes  a  large  construction,  like  that  of  Edward  the  Confessor  ii 
Westminster,  of  St.  Genevieve  at  Paris,  etc.  Many  are  covered  with  je^ds  ii 
the  richest  way;  that  of  San  Carlo  Borromeo,  at  Milan,  is  of  beaten  silver. 

Sills.  Are  the  timbers  on  the  ground  which  support  the  posts  and  supentrx- 
turt  of  a  timber  building.  The  term  is  most  frequently  applied  to  those  pecs 
of  timber  or  stone  at  the  bottom  of  doors  or  windows.     ^ 

Skewback.    The  inclined  stone  from  which  an  arch  springs. 
Skirtings.     The  narrow  boards  which  form  a  plinth  aroimd  themaisiBit 
floor,  now  generally  called  the  base. 
Sleeper.    A  piece  of  timber  laid  on  the  groimd  to  receive  floor  joists. 

Sof&t.  The  lower  horizontal  face  of  anything  as,  for  example,  of  aa  eatiV 
lature  resting  on  and  lying  open  between  the  oolumns»  or  the  under  face  of  aaixi 
where  its  thickneaa  i^  am^u. 
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pond  Board.    The  covering  of  a  pulpit  to  deflect  the  sound  into  a  churcn. 

C.    Bad  or  broken  brick;  stone  chips. 
.    The  distance  between  the  supports  of  a  beam,  girder,  arch,  truss,  etc. 

Ipandrel,  or  Spandril.  The  space  between  any  arch  or  curved  brace  and  the 
i  label,  beams,  etc.,  over  the  same.  The  spandrels  over  doorways  in  Perpen- 
ilar  works  are  generally  richly  decorated. 

tpeciflcation.  Architect's.  The  designation  of  the  kind,  quality,  and 
Oitlty  of  wcn'k  and  material  to  go  in  a  building,  in  conjunction  with  the  working 
wings. 

{pire.  A  sharply  pointed  pyramid  or  large  pinnacle,  generally  octagonal  in 
gland,  and  forming  a  finish  to  the  tops  of  towers.  Timber  spires  are  very 
omon  in  England.  Some  are  covered  with  lead  in  flat  sheets,  others  with  the 
oe  metal  in  narrow  strips  laid  diagonally.  Very  many  are  covered  with 
ngles.  In  Continental  Europe  there  are  some  elegant  examples  of  spires  of 
in  timber  work  covered  with  lead. 

Splayed.  The  jamb  of  a  door,  or  anything  else  of  wliich  one  side  makes  an 
lique  angle  with  the  other. 

Springer.  The  stone  from  which  an  arch  springs;  in  some  cases  this  is  a 
pital,  or  impost;  in  other  cases  the  moldings  continue  down  the  pier.  The 
irest  stone  of  the  gable  is  sometimes  called  a  springer. 

Squinches.  Small  arches  or  corbeled  set-offs  running  diagonally  and,  as  it 
jre,  cutting  off  the  comers  of  the  interior  of  towers,  to  bring  them  from  the 
uare  to  the  octagon,  etc.,  to  carry  the  spire. 

Squint.  An  oblique  opening  in  the  wall  of  a  church;  especially,  in  medieval 
chitecture,  an  opening  so  placed  as  to  a£tord  a  view  of  the  high  altar  from  the 
msept  or  aisles. 

Staging.  A  structure  of  jsosts  and  boards  for  supporting  workmen  and 
stterial  in  building. 

Stall.  A  fixed  scat  in  the  choir  for  the  use  of  the  clergy.  In  early  Christian 
nes  the  thronus  cathedra,  or  seat  of  the  bishop,  was  in  the  center  of  the  apsis 
bema  behind  the  altar,  and  against  the  wall;  those  of  the  presbyters  also  were 
ainst  the  wall,  branching  off  from  side  to  side  around  the  semicircle.  In  later 
nes  the  stalls  occupied  both  sides  of  the  choir,  return  seats  being  placed  at  the 
ds  for  the  prior,  dean,  precentor,  chancellor,  or  other  oCicers.  In  general,  in 
thedrals,  each  stall  is  surmounted  by  tabernacle  work,  and  rich  canopies, 
nerally  of  oak. 

Stanchion,  A  word  derived  from  the  French  (tancon,  a  wooden  post,  applied 
the  upright  iron  bars  which  pass  through  the  eyes  of  the  saddle  bars  or  hori< 
ntal  irons  to  steady  the  lead  lights.  The  French  call  the  latter  traverses,  the 
mchions  montants,  and  the  whole  arrangement  armature.  Stanchions  fre- 
lently  finish  with  ornamental  heads  forged  out  of  the  iron. 

Steeple.    A  general  name  for  the  whole  arrangement  of  tower,  belfry,  spire,  etc. 

Stereobate.  A  basement,  distinguished  from  the  nearly  equivalent  term  sty- 
^ate  by  the  absence  of  columns. 

Stile.    The  upright  piece  in  framing  or  paneling. 

Stilted.  Anything  raised  above  its  usual  level.  \n  arch  is  stilted  when  its 
atre  is  raised  above  the  line  from  which  the  arch  appears  to  spring. 

Stoop.  A  seat  before  the  door;  often  a  porch  with  a  balustrade  and  seats  on 
e  sides. 
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Stonp.    A  basin  for  holy  water  at  the  entrance  of  Roman  Catholic  i 
hito  which  all  who  enter  dip  their  fingers  and  cross  themselves. 

Straight  Arch.    A  form  of  arch  in  which  the  intrados  is  straight,  but ' 
joints  radiating  as  in  a  common  arch. 

Strap.    An  iron  plate  for  connecting  two  or  more  timbers,  to 
screwed  by  bolts.    It  generally  passes  aromid  one  of  the  timbers. 

Stretcher.    A  brick  or  block  of  masonry  laid  lengthii'ise  of  a  waU. 

String  Board.  A  board  placed  next  to  the  well-hole  in  wooden  stiin*  i 
nating  the  ends  of  the  steps.  The  string  piece  is  the  piece  of  board  psti 
the  treads  and  risers  for  a  support,  and  forming  the  support  of  the  stair. 

String-courae.    A  narrow,  vertically  faced  and  slightly  projectiag 
an  elevation.    If  window-sills  are  made  continuous,  they  form  a 
but  if  this  course  is  made  thicker  or  deeper  than  ordinary  window-sill^ ori 
a  set-off  in  the  wall,  it  becomes  a  blocking-course.     Also,  boriaootal 
running  under  windows,  separating  the  walls  from  the  plain  part  of  the] 
dividing  towers  into  stories  or  stages,  etc.    Their  section  is  much  the 
the  labels  of  the  respective  periods;  in  fact,  these  last,  after  pacaog 
windows,  frequently  run  on  horizontally  and  form  strings.     Like  lahds, 
often  decorated  with  foliages,  ball-flowers,  etc. 

Studs,  or  Studding.  The  small  timbers  used  in  partitions  and  outside  i 
walls,  to  which  the  laths  and  boards  are  nailed. 

Style.    The  term  style  in  architecture  has  obtained  a  conventicoal 
beyond  its  simpler  one,  which  applies  only  to  columns  and  columnar 
mcnts.    It^  is  now  used  to  signify  the  differences  in  the  moldings,  geoenl 
lines,  ornaments,  and  other  details  which  exist  between  the  woiks  of 
nations,  and  alsD  those  differences  which  are  found  to  exist  between  the  wo 
any  nation  at  different  times. 

Stylobate.  A.  basement  to  columns.  StylobatC  is  sjmonymous  with  peiesi 
but  is  applied  to  a  continued  and  unbroken  substructure  or  basemrat  to  cokaH 
while  the  latter  term  is  confined  to  insulated  supports.  The  Greek  tempkspt 
erally  had  three  or  more  steps  all  around  the  temple,  the  base  of  the  oota 
resting  on  the  top  step;  this  was  the  stylobate. 

Subsellium.  A  name  sometimes  given  to  the  seat  in  the  stalls  of  dmrdfi 
same  as  miserere. 

Summer.  A  girder  or  main-beam  of  a  floor;  if  supported  on  two-stoty  pod 
and  open  below,  it  is  called  a  Brace-summer. 

Surbaae.  A  cornice  or  series  of  moldings  on  the  top  of  the  base  of  a  pedctt 
podium,  etc.;  a  molding  above  the  base. 

Surface.    To  make  plane  and  smooth. 

Systyle.    An  intercolumniation  to  which  two  diameters  are  assigned. 

Tabernacle.  A  spedes  of  niche  or  recess  in  which  an  image  may  be  ^ 
They  are  generally  highly  ornamented  and  often  surmounted  with  crodrt 
gables.  The  word  tabernacle  is  also  often  used  to  denote  the  receptacle  for  rti 
which  was  often  made  in  the  form  of  a  small  house  or  church. 

Tabernacle  Work.  The  rich  ornamental  tracery  forming  the  canoi^*  ^ 
to  a  tabernacle,  is  called  tabernacle  work;  it  is  common  in  the  stalls  and  ace 
of  cathedrals,  and  in  than  is  generally  open  or  pierced  through. 

Tail  Trimmer.    A  trimmer  next  to  the  wall,  into  which  the  ends  of  joitfS' 

fastened  to  avoid  flues. 
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Timp.  To  pound  the  earth  down  uound  a  n*II  ifter  it  hat  been  thrown  In. 
TapeitiT.  A  kind  of  woven  hanginsa  of  wool  or  silk,  ornamented  with  figurea, 
id  used  formerly  to  cover  and  adorn  the  wiUi  of  rooms.  They  mn  often  of 
e  most  costty  maCeriala  and  beautifully  embroidered. 

Temiila.  An  edifice  destined,  in  the  earliest  times,  far  the  public  excrdse  o£ 
li(joua  wot^p. 

Tomplet,  or  Tsmplate.  A  mold  used  by  maams  far  cutting  or  setting  work, 
short  piece  of  timber  sometimes  laid  under  a  girder. 

Terminal.  Figures  of  which  the  upper  parts  only,  or  perhapi  the  head  and 
oulders  alone,  arc  carved,  the  rest  running  into 
parallelopiped.  and  sometimes  into  a  diminiahing 
ideatal,  with  feet  indicated  below,  or  even  with- 
it  tbem,  are  called  terminal  figures. 
Tura-cottt.  Baked  day  ol  a  fine  quality, 
■ch  used  for  bM-ldlef*  (or  adorning  the  friaes 

teinplBa.  In  modem  times  employed  for  archl- 
ctural  omamenti,  statues,  vases,  etc 
T«uriUt*d  Pkvementt.  Those  formed  of 
nerx,  or,  aa  some  write  it,  teasells,  or  smalt 
bea  from  half  an  Inch  to  an  Inch  square,  like 
ce,  of  pottery,  stone,  marble,  enamel,  etc. 
TetTkBtyla.  A  portico  tJ  four  columns  in  front. 
Thulabat*.  That  on  which  a  dome  or  cupola 
Its.  This  is  a  lem  not  in  geoeial  use.  but  it  is  not 
e  less  of  useful  application.    What  is  generally 

rmed  the  attic  above  the  peristyle  and  under  the  cupola  of  St.  Paul's,  London, 
Hild  be  correctly  dc^oated  the  thotobate.  A  tholobate  of  a  diflerent  descrip- 
w,  and  one  la  which  no  other  name  can  well  be  applied,  is  the  dtcular  sub- 
ructute  to  the  cupola  of  the  Universilv  College,  London. 
Throat.  A  channel  or  groove  made  on  the  uoder-slde  of  a  string-cmirse, 
9ing,  etc,  to  prevent  water  from  tunning  Inward  toward  the  walls. 
Tie.  A  timber,  rod,  chain,  etc,  binding  two  bodies  together,  which  have  a 
ndency  to  separate  or  diverge  from  each  other.  The  lit-beam  connects  the 
ittom  of  a  pair  of  principal  rafter:,  and  prevents  them  from  bursting  out  the 

in. 

TUea.    Flat  pieces  of  day  burned  b  kilns,  to  cover  roofs  in  place  of  slates  or 

uL     Also,  flat  lieces  of  burned  day,  either  plain  or  ornamented,  glaxed  or 

iglazed,  used  for  floors,  wainscoting,  and  about  fireplaces,  etc.     Small  squan 

Hxs  of  marble  are  also  called  tile. 

Tongoa.     The  part  of  a  board  left  projecting,  to  be  inserted  into  a  grrMve. 

TooUi  Omamalt.     One  of  the  peculiar 

othic  architecture,  generally  inserted  ii 

iujows,  etc. 

Torao.    A  mutilated  statue  of  which  nothing  remains  but  the  trunk.    Colon 

ith  twisted  shafts  have  alio  this  term.     Of  this  kind  there  are  several^ variet 

Tortu.     A    protuberance    or    swelling,    a    molding    . j— 

lose  form  is  convei,  and  generally  nearly  approaches  f • 

semicircle.     It  is  most  frequently  used  in  bases,  and -~ 

generally  th<'  lowest  molding  In  a  base.  nWVS 
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Tower.  An  elevated  building  originally  designed  for  purposes  of  defes 
Those  buil(Ung5  are  of  the  remotest  antiquity,  and  are,  indeed,  menttoned  la  tx 
earliest  Scriptures.  In  mediaeval  times  they  were  generally  attached  to  dbun^ 
to  cemeteries,  to  castles,  or  used  as  bell-towers  in  public  places  of  large  dtk 
In  churches,  the  towers  of  the  Saxon  period  were  generally  square.  No^ 
towers  were  also  generally  square.  Many  were  entirely  without  buttress 
others  had  broad,  flat,  shallow  projections  which  served  for  this  purpose.  Tk\ 
lower  windows  were  very  narrow,  with  extremely  wide  splays  inside,  iMobabJja>i 
tended  to  be  defended  by  archers.  The  upper  windows,  like  those  of  the  pncB^ 
ing  style,  were  generally  separated  into  two  lights,  but  by  a  shaft  or  short  oohsa.! 
and  not  by  a  baluster.  Early  English  towers  were  geneially  taller,  and  of  mm\ 
elegant  proportions.  They  almost  always  had  large  projecting  buttresses,  ai 
frequently  stone  staircases.  The  lower  windows,  as  in  the  former  stj'k,  «a 
frequently  mere  arrow-slits;  the  upper  were  in  couplets  or  triplets,  and  somediaes 
the  tower  top  had  an  arcade  all  around.  The  spires  were  generally  broach  apin; 
but  sometimes  the  tower  tops  finished  with  corbel  courses  and  plain  parapets,  ad 
(rarely)  with  pinnacles.  There  are  a  few  Early  English  towers  which  brok  m 
the  octagon  from  the  square  toward  the  top,  and  still  fewer  which  finish  withtii 
gables.  Both  these  methods  of  termination,  however,  are  common  in  CoDtiaeai^ 
Europe.  At  Venddme,  Chartres,  and  Senlis  the  towers  have  octagonal  upfe 
stages  surrounded  with  pinnacles,  from  which  elegant  spires  arise.  In  the  Xcva 
of  Italy,  and  in  Rome,  they  are  generally  tall  square  shafts  in  four  to  six  su&i, 
without  buttresses,  with  couplets  or  triplets  of  semicircular  windows  in  ead 
stage,  generally  crenellated  at  top,  and  covered  with  a  low  pyramidal  roof.  Ik 
well-known  leaning  tower  at  Pisa  is  cylindrical,  in  five  stories  of  arcadcd  oote- 
nades.  In  Ireland  there  are  in  some  of  the  churchyards  very  curious  roaad 
towers. 

Tracary.  The  ornamental  filling  in  of  the  heads  of  windows,  panels,  drcchr 
windows,  etc.,  which  has  given  such  characteristic  beauty  to  the  architectitieflf 
the  fourteenth  century.  Like  almost  everything  connected  with  medizval  uds- 
tecture,  this  elegant  and  sometimes  fairy-like  decoration  seems  to  have  sprue; 
from  the  smallest  begiimings.  The  circular-headed  window  of  the  Nonm* 
gradually  gave  way  to  the  narrow-pointed  lancets  of  the  Early  En^ish  pake 
and^  as  less  light  was  afforded  by  the  latter  system  than  by  the  fonncr,  it  vi> 
necessary  to  have  a  greater  number  of  windows;  and  it  was  found  convcoient  u» 
group  them  together  in  couplets,  triplets,  etc.  When  these  couplets  were  is* 
sembled  under  one  label,  a  sort  of  vacant  space  or  spandrel  was  formed  over  tbe 
lancets  and  under  the  label.  To  relieve  this,  the  first  attempts  were  ampfy  ^ 
perforate  this  flat  spandrel,  first  by  a  simple  lozenge-shaped  or  circular  opecat 
and  afterward  by  a  quatrefoil.  By  piercing  the  whole  of  the  vacant  spaces  la 
the  window  head,  carrying  moldings  around  the  tracery,  and  adding  cusps  to  h. 
the  formation  of  tracery  was  complete,  and  its  earliest  result  was  the  beaadfJ 
geometrical  work  such  as  is  found  at  Westminster  Abbey. 

Transept.  That  portion  of  a  church  which  passes  transver^y  between  tbc 
nave  and  choir  at  right  angles,  and  S3  f  cHrms  a  cross  on  the  plan. 

Transom.  The  horizontal  construction  which  divides  a  window  'v£3 
heights  or  stages.  Transoms  are  sometimes  ample  fueces  of  mullioos  pb^ 
transversely  as  cross-bars,  and  in  later  times  are  richly  decorated  «* 
cuspings,  ^tc. 

Traverse.  To  plane  in  a  direction  across  the  grain  of  the  wood,  as  to  tiawoe 
a  floor  by  planing  across  the  boards. 

Tread.    The  horizontal  part  of  a  step  of  a  stair. 
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rtef ofl*  A  coaping  the  outline  of  wliich  is  derived  from  a  three4eaved  flower 
leaf,  as  the  quatrefoil  and  cinque-foil  are  from  those  with  lour  and  five. 

rrdllis.    Lattice-work  of  metal  or  wood  for  vines  to  run  on. 

Trestle.  A  movable  frame  or  support  for  anything;  when  made  of  a  cross 
(ce  with  four  legs  it  is  called  by  carpenters  a  horse. 

Irif oriitm.  The  arcaded  story  between  the  lower  range  of  piers  and  ardies 
d  the  dere-stoiy.  The  name  has  been  supposed  to  be  derived  from  Ires  and 
ef  —  three  doors,  or  openings  —  that  being  a  frequent  number  of  arches  in 
:h  bay. 

Tris^Srph.  The  vertically  channeled  tablets  of  the  Doric  frieze  are  called 
glyphs,  because  of  the  three  angular  channels  in  them  —  two  perfect  and  one 
^ided  —  the  two  chamfered  angles  or  hemiglyphs  being  reckoned  as  one.  The 
tiare  sunk  spaces  between  the  triglyphs  on  a  frieze  are  called  metopes. 

Trim.    Of  a  door,  sometimes  used  to  denote  the  locks,  knobs,  and  hinges. 

Trimmer.  .  The  beam  or  floor  joist  into  which  a  header  is  framed. 

Trimmer  Arch.  An  arch  built  in  front  of  a  fireplace,  in  the  thickness  of  the 
or,  between  two  trimmers.  The  bottom  of  the  arch  starting  from  the  chimney 
d  the  top  pressing  against  the  header. 

Tuck-pointing.  Marking  the  joints  of  brickwork  with  a  narrow  parallel 
ige  of  fine  putty. 

Tudor  Style.  The  architecture  which  prevailed  in  England  during  the  reign 
the  Tudors;  its  period  is  generally  restricted  to  the  end  of  the  reign  of  Heniy 

[n. 

Turret.  A  small  tower,  esx^edally  at  the  angles  of  larger  buildings,  sometimes 
'er hanging  and  built  on  corbels,  and  sometimes  rising  from  the  ground. 

Tuscan  Order.    The  plainest  of  the  five  orders  of  Classic  architectmre. 

Tympanum.  The  triangular  recessed  space  enclosed  by  the  cornice  which 
lunds  a  pediment.  The  Greeks  often  placed  sculptures  representing  subjects 
onected  with  the  purposes  of  the  edifice  in  the  tympana  of  temples,  as  at  the 
irthenon  and  y^gina. 

Under-croft.    A  vaulted  chamber  under  ground. 

Upset.  To  thicken,  and  shorten  as  by  hanmiering  a  heated  bar  of  iron  on  the 
id. 

Vaginft.  The  upper  part  of  the  shaft  of  a  terminus,  from  which  the  bust  or 
nire  seems  to  rise. 

VsHey.    The  internal  angle  formed  by  two  inclined  sides  of  a  roof. 

Valley  Rafters.  Those  which  are  disposed  in  the  internal  angle  of  a  roof  to 
trm  the  valleys. 

Vane.  The  weathercock  on  a  steeple.  In  early  times  it  seems  to  have  been 
f  various  forms,  as  dragons,  etc.;  but  in  the  Tudor  period  the  favorite  design 
as  a  beast  or  bird  sitting  on  a  slender  pedestal,  and  carrying  an  upright  rod,  on 
hich  a  thin  plate  of  metal  is  bung  like  a  flag,  ornamented  in  various  ways. 

Vault.  An  arched  ceiling  or  roof.  A  vault  is,  indeed,  a  laterally  conjoined 
sies  of  arches.  The  arch  of  a  bridge  is,  strictly  speaking,  a  vault.  Intersecting 
aults  are  said  to  be  groined.  See  Groined  Vaulting  for  fuller  description  of 
suits. 

Verge.  The  edge  of  the  tiling,  slate  or  shingles,  projecting  over  the  gable  of  a 
9of,  that  on  the  horizontal  portion  being  called  eaves. 
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V«rg«  Board.  Often  oomipted  into  Barge  Board;  the  board  under  tbemp 
of  gables,  sometimes  molded,  and  often  veiy  richly  carved,  perforated,  m\ 
cusped,  and  frequently  having  pendants,  and  sometimes  finials,  at  the  ^ex.    ' 

Vermiculated.    Stones,  etc,  worked  so  as  to  have  the  appearance  oi 
been  worked  by  worms. 

Vestibule.    An  anti-hall,  lobby,  or  porch. 

Vestry.  A  room  adjoining  a  church,  where  the  vest- 
ments of  the  minister  are  kept  and  parish  meetings  hdd. 
In  American  Protestant  churches,  the  Sunday-school 
room  is  often  called  the  vestry. 

Viaduct.  A  structure  of  considerable  magnitude,  and 
usually  of  masonry,  for  carxying  a  railway  across  a         VERmcPiAtiD 
valley. 

Vignette.  A  running  ornament,  representing,  as  its  name  imports*  a  Ibik^ 
vine,  with  branches,  leaves,  and  grapes.  It  is  common  in  the  Tudor  penaL 
and  nms  or  roves  in  a  large  hollow  or  casement.    It  is  also  called  Trayle. 

Villa.    A  country  ho\ise  for  the  retreat  of  the  rich. 

Volute.  The  convolved  or  spiral  ornament  which  ioxms  the  characteristic  rf 
the  Ionic  capital.  Volute,  scroll,  helix,  and  cauliculus  are  used  indiff aent^  fv 
the  angular  horns  of  the  Corinthian  capital.  < 

Voussoir.  One  of  the  wedge-like  stones  which  form  an  arch;  the  mid(&  <ae 
is  called  the  key-stone. 

Wainscot.    The  wooden  lining  of  walls,  generally  in  panels. 

Wall  Plates.    Pieces  of  timber  which  are  placed  on  topof  brick  or  stone  vtlh 

so  as  to  form  the  support  to  the  roof  of  a  building. 

Warped.    Twisted  out  of  shape  by  seasoning. 

Water  Table.  A  sUght  projection  of  the  lower  masonry  or  bridcwork  oo  die 
outside  of  a  wall  a  few  feet  above  the  ground  as  a  protection  against  rain. 

Weather  Boarding.    Boards  lapped  over  each  other  to  prevent  rain,  mct 
from  passing  through. 
Weathering.    A  sUght  fall  <hi  the  top  of  cornices^  window-sills,  etc,  to  tiiov 

off  the  rain. 

Wicket.  A  small  door  opening  in  a  larger.  They  are  common  in  medirvJ 
doors,  and  were  intended  to  admit  single  persons,  and  guard  against  smUa 
surprises. 

Wind.    A  turn,  a  bend.    A  wall  is  otU  of  wind  when  it  is  a  perfectly  fta 

surface. 

Wing.    A  side  building  less  than  the  mam  builcCng. 

Withes.    The  partition  between  two  chimney  flues  in  the  same  stack. 
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Terms  Deflaed 


rhe  fotUwing  terms  chance  to  he  defined  in  sundry  bmlding  codes,  which  are 
iioned  in  each  case.  The  fact  that  other  codes  are  not  mentioned  is  not  neces- 
ly  a  proof  thai  the  term  is  not  also  elsewhere  in  use  as  defined.] 

adjoining  Owner.  The  owner  of  the  premises  adjoining  those  on  which 
k  is  doing  or  to  be  done.    \Pisirict  of  Columbia.] 

iteration.    Any  change  or  addition  except  necessary  repairs  in,  to,  or  upon 
building  affecting  an  external,  party,  or  partition  wall,  chimney,  floor,  or 
rway,  and  "to  alter"  means  to  make  such  change  or  addition.    [Boston  and 
ner.] 

Lppendages.  Dormer-windows,  cornices,  moldings,  bay-windows,  towers, 
es,  ventilators,  etc.    [Chicago  and  Minneapolis.] 

Lreas.  Sub-surface  excavations  adjacent  to  the  building-line  for  lighting  or 
itilaticm  ol  cellars  or  basements.    [District  of  Columbia.] 

Lttic  Story.  A  story  situated  either  in  whole  or  in  part  in  the  roof.  [Denver 
I  District  of  Columbia.] 

lasa.  "The  base  of  a  brick  wall"  means  the  course  immediately  above  the 
ndation  wall.     [Cincinnati  and  Cleveland.] 

tasemaat  Story.  One  whose  floor  is  12"  or  more  below  the  sidewalk,  and 
Me  height  does  not  exceed  12'  in  the  clear;  all  such  stcMies  that  exceed  12' 
h  shall  be  considered  as  first  stories.  [Chicago  and  Louisville.] 
i  story  whose  floor  is  12''  or  more  below  the  grade  of  sidewalk,  [bfilwauhee.] 
i  story  whose  floor  is  3'  or  more  below  the  sidewalk,  and  whose  height  does 
exceed  11'  in  the  clear;  all  such  stories  that  exceed  11'  high  shall  be  con- 
ired  as  first  stories.     [Minneapolis.] 

i  st<Mry  suitable  for  habitation,  partially  below  the  level  of  the  adjoining  street 
(round.*    [District  of  Columbia  and  Denver.] 

See  Cellar.) 

lay'-window.    A  first-floor  projection  for  a  window  other  than  a  tower-pro- 

tion  or  show-window.     [District  of  Columbia.] 

Lny  projection  for  a  window  other  than  a  show-window.     [Denver.] 

learlng  Walls.  Those  on  which  beams,  trussesi  or  girders  rest.  [New  Yorh 
I  San  Francisco.] 

Krick  Building.  A  building  the  walls  of  which  are  built  of  brick,  stone,  iron, 
>ther  substantial  and  incombustible  materials.  [Boston,  Denver,  and  Kansas 
^1 

*  And  below  the  fint  floor  of  joists.    [District  of  ColumbiaJl 
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Building.    Any  construction  within  the  scope  and  purview  of  these 

tions.     [District  of  Columbia.] 

Building  Line.    The  line  of  demarcation  between  public  and  private 

[District  of  Columbia.] 

Building  Owner.    The  owner  of  premises  on  which  work  b  doing  or  a 
done.    [District  of  Columbia.] 

Business  buildings  shall  embrace  all  buildings  used  principally  for 
purposes,  thus  including,  among  others,  hotels,  theaters^  and  o&\ 
[Chicago,  Louisville,  Milwaukee,  and  Minneapolis.] 

Cellar.    Basement  or  lower  story  of  any  building,  of  which  one-half  or 
of  the  height  from  the  floor  to  the  ceiling  is  below  the  level  of  the  street' 
joining.f    [Boston,  Denver,  and  Kansas  CUy.] 

Portion  of  building  below  first  floor  of  joists,  if  partially  or  entkdy  hSmi 
level  of  the  adjoining  parking,  street,  or  ground,  and  not  suitable  for  hafaidi 
[District  of  Columbia.]  \ 

Cement-mortar.  A  proper  i^oportion  of  cement  and  sand  without  tle^ 
mixture  of  lime.     [Kansas  CUy.]  ' 

Division  Wall.  One  that  separates  part  of  any  building  from  anodiffd 
of  the  same  building.     [Cincinnati  and  Clevdand.] 

Floor-bearing  walls  extending  through  buildings  from  inmt  to  rear,  and  4 
rating  stores  and  tenements  in  buildings  or  bbcka  owned  by  the  same  pij 
Minneapolis.] 

(See  Partition-wall.)  | 

Dwelling-house  Class.  AH  buildings  except  public  buildings  and  bdiS^ 
of  the  warehouse  class.     [Cincinnati  and  Cleveland.]  . 

Shall  not  apply  to  buildings  accommodating  more  than  three  famfics.  |m 
Francisco.] 

External  Wall.  Every  outer  wall  or  vertical  enclosure  of  a  bmldio?  <m 
than  a  party- wall.  [Boston,  Cincinnati^  Cleveland,  Denver,  District  9f  Ctlhem 
Kansas  City,  and  Providence.] 

First  Story.  The  story  the  floor  of  which  is  at  or  first  above  the  levct  af  i 
sidewalk  or  adjoining  ground,  the  other  stories  to  be  niunbered  in  rognhr  9^ 
cession,  counting  upward.     [Denver  and  District  of  Columbia.] 

Footing  Course.  A  projecting  course  or  courses  xmder  base  of  foundtfi 
wail.     [Cincinnati  and  Cleveland.]  , 

FoundatioiL  That  portion  of  wall  below  level  of  street  curb,|  and,  wbasil 
wall  is  not  en  a  street,  that  portion  of  wall  below  the  level  of  the  highest  gnd 
next  to  the  wall.     [Boston,  Kansas  City,  New  York,  and  Providence.]  I 

Portion  of  exterior  wall  below  surface  of  adjoining  earth  or  pavTemeBl,  ■ 
portion  of  partition  or  party  wall  below  level  of  basement  or  cellar  floor,  m 
trict  of  Columbia  and  Denver.] 

Foundation,  Basement,  or  Cellar  Walls.  That  part  of  walls  of  buikisQ  M 
is  below  the  floor  or  joists,  which  are  on  or  next  above  the  grade  line.   Ift^^ 

Portion  of  the  wall  below  the  level  of  street  curb,  in  front  of  the  central  5»a 
building.     [San  Francisco.] 

•  Ground.    [Providence.] 

t  And  not  suitable  for  habitation.     [Denver.]  , 

X  "  And  serve  aa  supports  for  piers,  columns,  girders,  beans,  or  other  vA 
Ufew  York.] 
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»>iiibtt8tible  Scantling  Partition.  One  plastered  on  both  sides  upon  iron 
>T  ^wire  doth,  and  filled  in  with  brickwork  8"  high  from  floor,  provided  the 
ins  is  not  over  80'  high.    [Chicago.] 

combustible  Roofing.  Covered  with  not  less  than  three  (3)  thicknesses 
i^-f  elt,  and  good  coat  of  tar  and  gravei,  or  with  tin,  corrugated-iron,  or  other 
esisting  material  with  standing-seam  or  lap-joint.    [Denver.] 

nsths.  Walls  are  deemed  to  be  divided  into  distinct  lengths  by  return 
»  and  the  length  of  every  wall  is  measured  from  the  center  of  one  return  wall 
«  center  of  another,  provided  that  such  return  walls  are  external  or  party 
-oralis  of  the  thickness  herein  required,  and  bonded  into  the  walls  so  deemed 
:  divided.     [Cincinnati  and  Cleveland.] 

flammable  Material.  Dry  goods,  clothing,  millinery,  and  the  like  in 
a,  flyings  or  goods  in  factories,  or  other  substance  readily  ignited  by  drop- 
i  or  flyings  from  electric  lights.    [Minneapolis.] 

idsing-honse.  A  building  in  which  persons  are  temporarily  accommodated 
sleeping  *  apartments,  and  includes  hotels.    [Boston  and  Kansas  City.] 

ly  building  or  portion  thereof  in  which  persons  are  lodged  for  hire  for  less 
a  week  at  one  time.     [District  of  ColunHna  and  Providence.] 

\y  building  or  portion  thereof  in  which  persons  are  lodged  for  hire  tempo- 

y,  and  includes  hotels.     [Denver.] 

jansard  Roof.  One  formed  with  an  upper  and  under  set  of  rafters,  the 
sr  set  more  inclined  to  the  horizon  than  the  lower  set.  [Dewoer  and  District 
vlutnbia.] 

rlel  Window.  A  projection  for  a  window  above  the  first  floor.  [Distria 
tdumbia.] 

artition.  An  interior  division  constructed  of  iron,  glass,  wood,  lath  and 
ter,  or  other  destructible  natures.    [District  oj  Columbia.] 

artition-wall.  Any  interior  wall  of  masonry  in  a  building.  [Boston, 
\sas  C«Vy,  and  Providence.] 

n  interior  wall  of  non-combustible  material.    [District  of  Columbia.] 
ny  interior  division  constructed  of  iron,  glass,  wood,  lath  and  plaster,  or 
a>nibination  of  those  materials.    [Denver.] 

^  Division  Wall.) 

'arty- wall.  Every  wall  used,  or  built,  in  order  to  be  used,  as  a  separation  of 
or  more  buildings,  t  [Boston,  Cincinnati^  Cleveland^  Denver,  Kansas  City, 
Providence.] 

.  wall  built  upon  dividing  line  between  adjoining  premises  for  their  common 
[District  of  Columbia.] 

^arldng.  The  space  between  the  sidewalk  and  the  building  line.  [District 
^eolumbia.] 

Marking  Line.  The  line  separating  parking  and  sidewalk.  [District  oj 
unibia.] 

^blic  Building.  Every  building  used  as  church,  chapel,  or  other  place  of 
ilic  worship;  also  every  building  used  as  a  college,  school,  public  hall,  hospital, 
ater,  public  concert-room,  public  bali-room,  public  lecture-room,  or  for  any 
>lic  assemblage.  [Boston,  Chicago,  Cincinnati,  Cleveland,  Denver  Kansas 
y,  and  Minneapolis.] 

*  Staying  apartments.    [Kansas  CUy.] 

t  To  be  used  jointly  by  separate  buildings.    [Cincinnati  and  Cleveland^ 
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Such  buildings  as  shall  be  owned  and  occupied  for  public  purposes  far 
State,  the  United  States,  the  corporation  of  the  City  of  Brooklyn,  or  other; 
schools  within  said  city.     [Brooklyn.] 

Public  Hall.  Every  theater,  opera-house,  hall,  church,  school,  or  other  li 
ing  intended  to  be  used  for  public  assemblage.     [MUvattkee  and  Loms^Stl 

Return  WaU.  No  wall  subdividing  any  building  shall  be  deemed  a  id 
wall,  as  before  mentioned,  unless  It  is  two-thjrds  the  height  of  the  oteai 
party-walls.     [Cincinnali  and  Cleveland.] 

Shed.    A  skeleton  structure  for  storage  or  shelter.     [Disinci  of  Cufmbtl 
Open  structure,  enclosed  only  on  one  side  and  end,  and  erected  on  the 
[San  Francisco.] 
Open  or  closed  board  structure.    [Denver.] 

Show-window.  A  store-window  in  which  goods  are  displayed  for  ak 
advertisement.    [District  of  Columbia  and  Denver.] 

Square  thereof.  The  square  or  level  of  the  walls  before  commmrin 
pitch  for  roof.    [Disiricl  of  Columbia.] 

Standard  Depth  for  Foundations.  For  brick  and  stone  biiikiiB^j 
below  curb  line.    [San  Francisco.]  ■ 

Standard  Depth  of  Ceflars.  i6',  measured  down  from  sidewalk  g»kj 
property  line.    [Memphis.] 

Standard  Iron  Door.  Made  of  No.  12  plate^iron,  frame  or  ondoi 
2"  X  2"  X  H"  angle-iron,  firmly  riveted.  Two  panel  doors,  to  have  proper  aa 
bars,  one  panel  on  either  side,  fastened  together  with  hooks  or  proper  bdtil 
and  bottom,  and  with  not  less  than  two  lever-bars.  AH  doors  h«iiig«iV 
frames  of  H"  x  4"  iron,  securely  bolted  together  through  wall,  swuv  ofi  M 
hinges,  fitting  close  to  frame  all  around;  sill  between  doors,  iron,  brick,  or  J 
to  rise  not  less  than  two  (2)  inches  above  floor  on  each  side  of  openiog. 
over  door,  brick,  iron,  or  stone.  Floors  of  basement,  when  doors  are  10 ; 
stone  or  cement,  in  no  case  wood.    [Denver.]  . 

Standard  Skylight.  Constructed  of  wrought-iron  frames,  with  hamafll 
or  desk-light  glass  not  less  than  H"  thick;  not  larger  than  xo'  by  12',  escrftij 
special  permission  of  the  Inspector.     [Denver.] 

Storehouse.     (See  Warehouse  Class.) 

Street    All  streets,  avenues,  and  public  alleys.    [Minneapolis.] 

Tenement-house.  A  building  which,  or  any  portion  of  which,  is  to  be  ^^ 
pied,  or  is  occupied,  as  a  dwelling  by  more  than  three*  families  living  iodqtfl 
ently  of  one  another,  and  doing  their  oooking  upon  the  premises.  1^^ 
Denver,  and  Kansas  City.]  > 

Or  by  more  than  two  f amiliesf  above  the  second  floor,  so  living  aod  coAJ^ 
[Boston  and  Kansas  City.] 

Building  which  shall  contain  more  than  two  rooms  in  front  (»i  each  ^-i 
which  shall  be  built  with  a  i>assage  or  arched  way  between  distinct  parts  ^ 
same  building,  or  which  building  shall  be  intended  for  the  separate 
tion  of  different  families  or  occupants.     [ChaHesfon.] 

Theater.  Public  hall  containing  movable  scenery  or  fixed  scenffy^tt* 
not  made  of  metal,  plaster,  or  other  incombustible  material.  [Chicago,  l/^ 
ville,  and  Milwaukee.] 

*  Two  instead  of  three.    [District  of  Columbia  and  Mimuapvlis.] 
t  Upon  ooe  floor,  but  having  a  conunoa  light  in  the  halbiStairvays,  yards,  etc.  1^ 
dence^ 


Architectural  Terms  as  Defined  in  Various  Building  Laws    1855 


of  a  Wall.    The  minimum  thickness  of  such  wall.*    [Boston, 
innatif  Cleveland,  Kansas  City,  Milwaukee,  and  Providence.] 

ianed  Covered  Fire-door.  Wood  doors  or  shutters,  double  thickness  of 
i,  cross  or  diagonal  construction,  covered  on  both  sides  and  all  edges  with 
t-tin,  joints  securely  clinched  and  nailed.     [Denver.] 

ower  Projection.  A  projection  designed  for  an  ornamental  door-entrance, 
>rnamental  windows,  or  for  buttresses.     [District  of  Columbia.] 

ault.  An  underground  construction  beneath  parking  or  sidewalk.  [District 
oiumbia.] 

eneered  Building.  Frame  structure,  the  walls  covered  above  the  »11  by  a 
rail  of  brick,  instead  of  clapboards.  [Common  understanding  in  Chicago, 
oaukee,  and  Minneapolis,  but  not  defined  by  law.] 

^•rehouse  Claiis.  Buildings  used  for  the  storage  of  merchandise,  manufac- 
s  in  which  machinery  is  operated,  breweries,  and  distilleries.  [Cincinnati 
St.  Louis.] 

ridth  of  buildings  shall  be  computed  by  the  way  the  beams  are  placed;  the 
thwise  of  the  beams  shall  be  considered  and  taken  to  be  the  widthwise  of  the 
ding.     [New  York  and  San  Francisco.] 

rholesale  store,  or  storehouse,  shall  embrace  all  buildings  used  (or  intended 
e  used)  exclusively  for  purpose  of  mercantile  business  or  storage  of  goods. 
cage,  Louisville,  and  Milwaukee.] 

rooden  Building.    A  wooden  or  framef  building.    [Boston,  Kansas  City, 

Minneapolis.] 

ny  building  of  which  an  external  or  party  wall  is  constructed  in  whole  or  in 

:  of  wood.     [Denver  and  District  of  Columbia.] 

[aving  more  wood  on  the  outside  than  that  required  for  the  door  and  window 

[les,  doors,  shutters,  sash  porticos,  and  wooden  steps,  and  all  frame  buildings 

beds,  although  the  sides  and  ends  are  proposed  to  be  covered  with  corrugated 

:  or  other  metal,  shall  be  deemed  a  wooden  building  under  this  law.    [Charles- 

tnd  Nashville.] 

*  As  applied  to  solid  walls.    [Minneapolis  and  Providence.) 
t  Or  veneered.    [Minneapolis.] 
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moment  of  inertia,  339,  362-367 
oblique  loading,  593 
price,  1204,  X2XX 
properties  of,  steel,  362-367 
shelf,  787-790 
struts,  48S,  SOX-S03 
tension-members,  loads,  385,  399 
deduction,  399,  400,  702 
Angle-anchor,  6x9 
Angle-and-plate  coltunns,  475,  476 
Angle-har  (Glossary),  X797 
Angle-bracket,  422 
Angular  measure,  30,  68 
Anhydrite,  X3x 
Annealixig,  rivets,  38a,  4x4 
Anthracite  coal,  combustibles,  127X 

for  hot-air  heating,  13x7 
Apartment-houses,  floor-joists,  737 
live  loads,  X49,  X198 
I  beams  in  floor,  size,  864 
steel,  weight,  1207 
Apatite,  13  x 


^Glossary),  1796 
reviations  of  terms,  xa>,  123 
bnents,  arch,  305 
er,  306 

arlene  gas,  X431 
istics,  architectural,  1486-1500 
Brtiaiog,  ethics,  X729 
m.  rmdiator,  1266 
bs,  X30,  xsoi 
{egnte,  concrete,  241,  287,908,909, 

945 
lement,  form,  1765 
iements»  1751 . 

compressor,  watef^sitpf^,  1396 
conditioning,  1352 
»nsity,  X247,  X339 
>w,  resistance,  1333 
>t-water  systems,  removal,  1307 
roperties,  X254-X256 
Mutity,  symbol,  1247 
lecific  heat,  1250,  X255 
mtilation,  requirements,  x  260, 13541 

1356 
itiated,  effects,  X35a 
ducts,  X333-X341 
Uft,  X396 

lock,  pneumatic  caisson,  2xx 
pressure,  pneumatic  caisson,  an 
faster,  X3x,  1501 
I  lime,  X5S3 
diol,   specific   gravity  and   weight, 

X50X 
urnry  (Glossary),  1797 
cations,  defined,  1851 
BUnnm,  specific  gravity  and  weight, 

I  SOX 
Brican   Blower   Co.,   heater,    1329- 

1333 
•rican     Institute     of     Architects, 

canons  of  ethics,  X730 
bapters,  1788 
ompetitions,  X733 
locuments,  1767 
Tofessional  practice,  1737 
chedule  of  charges,  17 28,  1731 
Undard  documents,  1748 
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Apostles  and  Saints,  symbols,  1727 
Apothecaries'  weight,  29 
Apple-tree,  wood,  hardness,  1558 
Apron,  retaiaing-walls,  363 
Aiagonite,  13  x 
Arbitration,  contract,  1763 
Arbitration-bar,  cast-iron  test,  380 
Arc,  arcs,  circular,  38,  69,  70 

lengths,  54 
Arc-lamps,  1462 

Arch,  arches,  masonry,  505-3 2  x  (Glos- 
sary), 1799 

an^e  of  friction,  3x1 

brick,  306 

center  of  pressure,  31  x,  3x3 

centers,  308 

concrete,  reinforced,  321 

out-stone,  3x0 

depth  of  keystone,  308-3x0 

elliptical,  306 

failure  of,  311-313 

floor,  827-844 

forms  of,  306 

groined,  123S-X240 

inverted,  in  footings,  227,  as8 

keystone,  305.  308-3x0 

line  of  fracture,  316 

line  of  pressure,  3XX-32X 

line  of  resistance,  3XX-32X 

load,  actual,  masonry,  3x6 

loaded,  317 

middle  third,  principle  of,  3x1-3151 
X225,  1227,  X240 

New  York  City  requirements,  307 

plate-girder  arches,  X13X 

pointed,  failure  of,  3x2 

rings,  308,  3x7 

rise,  307 

segmental,  305f  3©^.  307i  32* 

semicircular,  306 

semielliptical,  321 

solid  ribs,  1x32 

stability,  determination,  3 xx-3 21 

strength,  306 

surcharged,  3x7 

three-centered,  306 

thrust,  30s,  307,  3XX-321 

tie-rods,  for  I  beams,  6x9,  865 
roof -trusses,  xx20 
segmental  arches,  307 

trussed,  xx2x 

unloaded,  3xx 

voussoirs,  305,  3x1 
Arched  trusses,  1035-1043 

stresses,  xii8-xx20 

wooden,  X020-X024 
Architects,  canons  of  ethics,  1730 

certificates,  1771 

charges,  schedule,  1728,  X73X 

competitions,  1733-1747 

drawings,  17x8,  X728,  1731,  X7S4 


Architects,  estimates.  1728 

examinations,  X772 

inspection  ol  work,  1755 

organizations.  X78S-X795 

professional  practice.  X727 

registration  laws,  176*- 17:9 

status  and  decisions,  1754 

superintendence.  1728 
Aichitednnl  aconstics.  X486-i«e 
Architectnxml    wpf  "f^''"g,  ienai.i 

128 
Architectural  fellowsfaips,  iTT^r* 

medals,  x  7 79- x  7 58 
Aichxtectofal  sodelies,  178^17^ 
Archxtectnxal  tenna  (Gksmy.  ^ 
X850 

building  laws,  xSsi-xS^s 
Architactore,  schoob  <^.  177$ 
Areas*  circles,  tnUes.  42-54 

elementary,  331 

geometrical    figures,  58-54*  59 
334-338,  i4&-53» 

net    sectional,    oC    tea&iuii  mml 
386 
Arithmetic,  practical,  3-24 
Armories,  steel,  weight.  iso8 
Artiflcial  1  ffiinenti,  236-240 
Asbestic  plaster,  8x8,  8x9 
Asbestos,  buildinff4nmbcr,  8x9 

corrugated  sheathiag,  ii9 

metal,  8x9 

products,  8x9 

roofing-shingles,  St9 

sheathing^  Sx9,  xsox,  1567 

specific  gravity  and  wcigbt,  tas 
Ash  (wood)  dellectiott  in  bescs.  8( 

hardness,  X558 

specific  gravity,  X50X 

ultimate  unit  stresses,  651 

weight,  65X.  Tsox.  X55S 
A4hc8,  angle  oi  repose,  256 

specific  gravity,  1501 

weight,  651,  i5ot.  X55S 
Ashlar  (Glossary \  1799 

masonry.  233,  269,  441.  i55^*' 
Asphalt,  160S 

floors,  1608,  X609 

mastic,  x6o8 

pavements,  x6oS 

rock.  x6o8 

roofing,  x6o8 

specific  gravity  and  weight,  f-o 
Asphalt-graTel  rooisc  Sr>-  ^^^ 
Asphaltom,  xfioS,  i7<^ 

specific  graxHty  and  weig^  '.<^ 
Assembly-halls,  joists.  7j9-  '^ 

live-loads.  719,  720,  ii&S 
Asylums,  non-fire-proof,  beakt^ 

ventilating  and  beating,  liii 
Asymptote  (Glossary>,  T7«9         i 
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UBtm  boflding  todm,  toads  on  fouada- 

tioD-beds,  143 
ffice- building  loads,  isx 
litoriaas,    heating  and   ventilating 

requirements,  1354 
ightiog,  1451 
.^re  loads,  719,  720,  1x98 
pltie,  131 

omobile  factory,  design  and  cost,  803 
omobiles,  dimensions,  164s 
lixdupois  weight,  28 
al  foreo,  definition,  375 
9,  conjugate,  38 
icutral,  29s,  332-338,  SSSi  6ax 
ransverse,  38 

zkt  arch,  305 

ttimore,  fire,  reinforced  concrete  in, 

957 
>uilding  code,  steel  columns,  481 
ad  of  cohxxnA  (Glossary),  i8ox 
cometer,  1249 

>re9sure,  measurement,  x349i  xas^ 
ms,  cost,  x6x3 
rrel,  dimensions,  1644 
rrel  yault,  1231-1235 
rrett  specifications,  roofing,  1595 
rs  (steel),  385-398 
LTcas,  15x4-1521 
!>ase  price,  1205 
nrcumfercnces,  XSX4-XS21 
acing,  385 
reinforcing,  9x5-921 
»afe  bads,  388-392 
standard,  classification  and  cost,  X2xx 
freights,  IS14-IS2X 
rtizan  (Glossary),  x8ox 
salt,  X3i 

ipecific  gravity  and  weight,  1501 
se,  columns  (Glossary),  x8oi 
cast-iron  column,  457,  459 
material,  1x95 
mill-construction,  782-788 
pipe  columns,  470,  47X,  472 
pressures,  265,  44X,  x2oo 
steel  columns,  473-477 
ise-pUtes,  440-445,  1524 
iBement,  defined,  x85x 
walls.  228,  229 
isin-slabs,  marble,  1641 
ith,  foot,  164 1 
plunge,  1422 
seat,  164 1 

ith-tubs,  dimensions,  1640 
symbols  for,  X426 
liter,  180X 
cellar  walls,  229 
retaining- walls,  259 
kttlemeat  (Glossary),  x8o2 
ly  window  (Glossary),  x8o2 
Mm,  beams  (see  also  Girdtrs) 


Bmib,  bearing  on  wall,  634,  687 
bearing-plate  areas,  440-444 
bending  moment,  324-33X.  5S5f  939 

continuous  beams,  673 

influence-lines,  XX34 

reinforced-concrete,  935 
Bethlehem,  357,  358,  592-602 
buckling,  X83,  565,  S67,  S69 

girders,  686,  705 

separators,  612 

wooden,  627 
cantilever  (see  Cantilever,  beams) 
Carnegie,  35 2-3 56,  574- S9x.  605.  606 
cast-iron  (see  Lintels) 
channel  (see  Chaxmels) 
clamps  for  connecting,  6x6 
coefficient  of  strength,  556,  628 
compound,  652-654,  763 
compression  in,  555 
concrete  fire-protection,  860 
concrete,  not  reinforced,  628,  637 
connections,  steel  beams  (see  Fram- 
ing, steel  beams) 

wooden  beams,  749-7S7i  789,  790 
continuous,  555,  671-680,  979,  980 
cross-section  irregular,  557 
cylindrical,  667 
deck,  565 
deflection,  663-670 

allowed,  566,  628,  664,  736 

continuous  girders,  674-676 

steel,  566,  612,  668-670,  676 

wooden,  636,  653,  654,  664,  667 
double,  564,  603,  604,  607-61  x 
elasticity,  555,  663 
external  forces,  325 
factors  of  safety,  556 
fixed,  strengths,  33 x,  634 

flexure,  324-331.  332-334,  555 

reinforced-concrete  beams,  924-94X 

steel  beams,  564-573 

wooden  beams,  627-637,  652-656 
floor,  steel,  specifications,  X20x,  X203 
girder  (see  I  beams;    also  Girders) 
grillage,  foundations,   165-169,  x8i- 

X85,  678-680 
H  beams,  356,  474,  585,  X204 
I  beams  (see  I  beams) 
inclined,  564,  665 
influence-lines,  XX34 
internal  forces,  325 
keyed,  653-655 
lateral  deflection,  566,  670 
loads,   general   principles,   555,   565, 
593,  629,  665 

tables  (see  Beams,  steel,  etc.) 
materials  used  for,  564 
neutral  axis,  definition,  555 
neutral  surface,  definition,  555 
overhanging  (see  Cantilever,  beams) 
reactions,  321-324 
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Beam,   rectangular,  relative    strength, 
633, 634 
stiffness,  665,  666 
reinforced-concrete,  934-94X,  971-975 
resisting  moment,  333,  555,  635,  683, 

939 
shear,  183,  4",  4X3,  S6s»  S67-570 
simple,  323-330,  5SS 
span,  555 
span-limit,  566 
steel,  anchors  for,  6x9 
base  price,  1204 

bending  moments,  table  of  maxi- 
mum, 574-576 
Bethlehem,  357,  358,  592-602 
buckling,  183,  565,  567,  569,  612, 

627 
Carnegie,  352-356,  574.  S9i.  605, 

606 
channels  (see  Channels) 
connections    (see     Framingt    steel 

beams) 
crippling  (same  as  buckling) 
deflection,  vertical  (see  above) 
dimensions,  352,  565 
economy  and  strength,  565 
end -reactions,  569,  574-576 
fiber-stress,  556,  557,  569 
fireproofing,     780  -  782,    827  -  842, 

844,  849.  854-860 
flange-thickness,  592 
forms  of,  565 
framing      and      connecting     (see 

Framirg) 
H  beams,  474f  585.  1204 
H  beams,  properties,  356 
heavy,  565 

I  beams  (see  I  beams) 
lateral  deflection,  566,  670 
light,  565 

loads,  safe,  565,  577-59X.  594-6o2 
separators,  6x2-614,  1202 
shearing-stresses,    x8x-x85,    567, 

568,  569,  574,  575 
standard,  352 

strength   affected   by   dimensions, 

5S6,  565 
strut,  57X,  572 
T  beams,  337,  368,  369,  591,  I2xx, 

X2I2 

tic,  572 

tie-rods,  619,  865 

unit  stresses,  1200 

web-buckling,  181-185,  S^S*  S^7t 

569,  612 
web-thickness,  592 

stiffness,  565,  635,  663-670 
stone,  637 

coefficients  of  strength,  556,  628 
stresses,  555-557,  567,  569,  603,  604, 
628,  635 


Beanie  stmt,  steel  571,  57s 
wooden,  633 
supplementary,  353,  561 
T  beam,  337,  368,  369,  591,  i 

1212  ] 

tension  in,  555 
tie-beams,  steel,  572 

wooden,  430-432,  434,  435, 634 
wall-support,  6xa 
wooden,  627-668, 717-757.7^,?% 

795 
anchors,  616,  762,  783-800 
bolted,  429,  653.  655 
buckling,  627 
built-up,  652,  656 
cantilever,  629 
cedar,  628,  640,  664 
chestnut,  deflection,  664 

distributed  loads,  641 
coefficients,  628 
compound,  652-654,  763 
connections,  749-757.  789,79;  (■ 

also  Framing,  floors,  woodes) 
conversion  factors,  637,  663 
cross-sections,  627,  637 
cut  from  log,  strongest,  634 
cylindrical.  634,  667 
cypress,  distributed  loads,  641 
deflection,  636,  653,  654,  664. 66: 
Douglas  fir,  distributed  load&cU. 

642,  664 
dressed,  667 
Eastern  fir,  loads,  639 
end-bearing,  634 
flitch-plate,  655 
framing.  749-757 

framing  to  steel  beams,  ;&9,  :«8 
hangers  (see  Hangers) 
hemlock,  loads,  628,  638,  664 
keyed,  653-655 
loads,  safe.  638-646,  66; 
mill-construction,  75S-769 
nominal     dimensions,    636,  k;, 

736,  1559 
Norway  pine,  loads,  641,  664 
redwood,  loads,  640 
shear,  horizontal,  4x2,  635 
sizes,    nominal   and  actual,  6ji 

667,  736,  1559 
spans,  maximum.  737-746 
spruce,  loads,  628,  639,  664 
stiffness,  664 
strongest  cut  from  log,  634 
strut,  633 
tension,  635 

tie,  430-432,  434,  435.  63s 
trussed,  656-662 
unit  stresses,  557, 627, 635.  ^J"^ 
white  oak,  loads,  643.  664 
white  pine,  loads,  639,  664 
yellow  pine.  628 
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^•am,  vooden,  ydikm  pine,  deflection, 

664 
loads,  643,  643,  666 
wrought  iron,  628 
deflection,  664 
leam-boz,  753,  762,  790,  79»,  793 
learn  girders  (see  I  beams) 
ieanoi-hancers  (see  Hsngert) 
tearing-brackets,    CASt-iron    columns, 

44S-447 
tearing-plates,  440-445,  1524 

pressures,  441,  1200 
(earing  values  (see  materials  in  ques- 
tion) 
led,  masonry  (Glossary),  1802 
ledsteads,  dimensions,  1658, 1640 
leechwood,  liardness,  1558 
lell-cot  or  gable  (Glossary),  1803 
leUs,  1725 
lelt,  for  shafting,  1721 

miU-constructbn,  764,  765 
lending    momenta,    beams,    324-331, 

555>  939 
bolts  in  wooden  construction,  429, 

431 
channels,  table,  576 
columns,  485 
continuous  girders,  673 
diagrams  for  beams  and  girders,  328, 

330,  564,  678,  690,  69s.  698 
footings,  174,  175,  »78 
I   beams,  table  of    maximum,   574, 

575 
influence  lines,  1x34 
moving  loads,  1x34-1x35 
pins,  423-429 

reinforced  concrete,  934,  935 
slabs,   concrete,  932,   936,  984-991, 

994 

T  beams,  concrete,  992 
lerger*8  studding,  88  x 

metal  lumber,  852,  858,  88z 
lessemer  steel,  380 
lethlehem  beams,  357,  358,  592,  594- 

604 
lethlehem  columns,  475,  479,  482-488, 

loads,  483,  506-5x5 
levels,  90 

JiUard-tables,  dimensions,  1638 
lirchwood,  hardness,  1558 
litnmen,  x6o8,  X609 
litumxnous  coal,  combustibles,  137X 
Aackboards,  dimensions,  X644,  X645 
thick-line  prints,  1719 
(lock-tin,  pipe,  1419 
llocks,  hollow  building,  filKng,  287 

concrete  (see  Concrete,  blocks) 
Ikkwer  system,  heating,  1324 
Ihie-prints,  17 18 
lloestone,  beams,  coefficient  for,  63S 

flagging,  282,  XS39 


Board-measore,  table,  i56o-x56« 
Boiler,  X273-X283 

connections,  X279 

covering,  1361 

horsepower,  1274 

incrustation,  X429 

location,  X3S7 
in  mills,  765 
in  warehouses,  780 

rating,  X30X 

residence,  specification,  136a 

shops,  steel,  weight,  x2o8 

symbols,  1351 

water,  for  ranges,  X643 
Boiler-iilants,  mill-constniction,  765 
Bolsters,  mill -construction,  454,  795 
Bolt,  bolts,  anchoring,  240 

bearing  strength,  429,  439,  X138 

bending,  1x38 

bending  moment,  429,  431 

beveled  washers,  1202 

built-up  beams,  652,  654 

expansion,  1534 

fiber-stress,  1x38 

foot  of  rafter,  437 

girders,  432,  433 

heads,  1525-1528 

safe  bearing  in  timber,  430 

screw-ends,  upset,  387 

shearing  value,  4x2,  429-439,  1x38 

shock  loads,  1202 

steel,  table,  431 

stresses,  6x8,  1x38,  X200 

strap-joints  in  trusses,  436 

swedge,  619 

tension,  43 x,  XX38 

truss-joints  (see  Roof-trusses) 

weight,  X5a7 

wrought  iron,  table,  431,  X138 
Bolt-heads,  X525-X528, 

standard  dimensions,  1525-1526 

weight,  X  5  26-1 5  28 
Boiumza  reinforced-cement  tiles,  868 
Bond,  brickwork,  268,  306 

masonry  (Glossary),  1803 

timber  (Glossary),  1803 
Bond-stones  in  piers,  269 
Bonds,  form,  X763 

guaranty,  i7S7 
Book-stacks,  library,  X696  . 
Book-tile,  roofing,  868 
Borings,  for  foundations,  144 
Boss  (Glossary),  1804 
Boston  building  code,  column-formula, 
460,  481,  493-496 

loads  on  foundation-beds,  142 

loads  on  masonry,  267 

office-buildings,  assumed  loads,  151 

rivets,  bearing  and  shear,  419 

steel  column  fontaula.  48X,  493-496 

thickness  of  walls,  230.  231,  233 
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BostoOf  Chamber  of  Commerce  Build- 
ing, 192 
Bostwick  lath,  884 
Boulders,  134,  136,  141 

safe  loads  on,  foundations,  141 
Bowling-alleys,  dimensions,  1643 
Bowstring  truss,  1035 

stresses,  1094,  1096 
Box  anchors,  beam-supports,  753,  762, 

790,  792.  793 
Box  columns,  467,  479,  484 

moment  of  inertia,  34a 

plate-and-angle,  479 
Box  girders,  681-716 

bending  moment,  683,  695,  697,  698, 

699 

buckling,  686,  705 

construction,  details  of,  68a 

cover-plates,  696 

end-reactions,  maximum,   703,   706- 
7x6 

examples,  694-703 

flange-area,  683,  692,  696/  699, 

framing  and  connections,  615 

moment  of  inertia,  section,  341,  342 

rivet-holes,  loss  of  area,  703 

shear,  684-687,  690,  691,  696,  698 

specification,  xaoi,  xaoa,  1203 

steel-lsam,  607-6x1 

stiff eners,  68  x,  686,  691,  696,  xaoi, 
X203 

web-plate,  buckling  value,  686,  705 
shearing  value,  684,  703 

weight,  687,  70X 
Box-hangers  (see  Beam-boxes) 
Bracing,  steel  structures,  120a 

wind,  buildings,  z  171-1 193 
Brackets,  cast-iron  columns,  445-447 

terra-cotta,  378 
Brads,  1529 
Brass,  castings,  shrinkage,  xsax 

specific  gravity,  1502,  15x0,  xsxx 

weight,  1503,  X510,  xsxx 
Breast-walls,  262-263 
Breeching,  dimensions,  1366 
Breuchaud  motliod,  underpinning,  a  ax 
Brick,  bricks,  angle  of  friction,  253 

arches,  laying,  306-307 

burning,  1540 

clay,  27s,  1540 

coefficient  of  friction,  253 

color,  1540,  1543,  XS44,  1547 

cost,  1544 

crushing-height,  269 

crushing  strength,  270,  37X 

dry -pressed,  X540 

enameled,  1543 

fiber-stresses,  557 

fire,  1540 

fire-resistance,  814 

flexure,  178 


Briek,  footings,  3a6,  237 

glazed,  1543 
lime-mortar,  1541 
machine-made,  1540 
manufacture,  1542 
molded,  1540 
paving,  15AO 
piers,  269-276,  378 
piling,  space  required,  X547 
repressed,  1540 
retaining-walls,  259,  a6o 
sand-lime,  154X  ^ 

properties  of,  1543 
size,  1540,  1543 
soft-mud,  X540 

specific  gravity,  X502  ' 

strength,  ultimate,  370 
stiff-mud,  1540 
tests,  270,  ?7S,  28X,  154a 
vaults,  1238 
weight,  1502,  ZS4X 
Brickwork,  1540-1548  (sec,  alsA,  lb 
sonry.  Walls,  etc) 
arches,  306 

bond,  effect  on  strength,  26S 
cement  mortar  required,  239 
compared  with  concrete,  968 
cost,  X544-X547 

mill-buildings,  808-810 
crashing  strength,  270-276 
data,  X540-X548 
efflorescence,  1547 
estimating  quantities  and  cost,  xsv 

1546 
fire-resistance,  8x4 
floor-arches,  827-828 
footings,  aa6,  227 
lintels  supporting,  623 
loads,  safe,  265-268,  287,  44X 
moisture,  1547 
mortar,  239,  276,  8x8 
mortar-colors  for,  X547 
piers,  267-276,  278 
bond-stones,  269 
crushing  strength,  271-276 
safe  loads,  367-268 
tests,  272-278 
pressures,  265,  441,  zaoo 
quantity  estimates,  1544-X547 
specific  gravity,  1502 
strength,  safe,  265-268,  287,  44' 
tensional  strength,  178 
walls,  safe  loads,  265,  441 
warehouse,  77S 
weight,  X502 
Bridgiag   (Glosaaxy,  1804)  floor-iai« 

748,  749 
British  tbeixnal  nnitt  33,  1250^  i^S^ 

I2SS,  1684 
Bronxo,  door-frames,  895 

specific  gravity  and  wdght,  xjcx 
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MM,  window'fnmei,  895 

iwn  &  Sharpe  wire-^ance,  401,  403, 

1469,  1473,  1509,  15x0 
ywn-line  prints*  1720 
>wiistoile,  crushing  strength,  279,  s8i 
dding,  plate  girders,  686,  705 
(teel  beams,  s^St  567~569>  6ia,  637 
ireb,  box  girders,  705 

plate  girders,  705 
irooden  beams,  617 
Salo  building  code,  loads  on  iounda- 

tion,  X43 
nasonry  loads,  367,  387 
iffice-buildings,  assumed  loads,  151 
tiding,  alterations,  1851 

steel,  drafting,  1207 
x>st,  1611-1634 

of  slow-burning,  758,  803,  1619 

per  cubic  foot,  X61X-X654 

per  square  foot,  1627-1634 
.  rdnlorced-concrete,  x6x8 
nibage,  16x2 
lepreciation,  1634 
irainage,  1407-1414,  1419-1431 
actoiry,  968 

ire-proof,  cost,  803,  812,  16x9-1635 
ireproofing,  8x1-905 
lOYcmment,  cost,  X638-X634 
beating,  1347-1363 

temperatures,  Z356 
iron  and  steel,  1627 
legal  definition,  X852 
loads,  1 196 

BttB-constnution,  x6i8 
Bon-fire-pnx^,  812,  8x3 
>ffice,  specifications,  xx94-x2ia 
papers,  1564 
ptotectiott  from  outside  haxard,  901- 

903 
reinforced-concrete,  968-997 
shrinkage  in,  142 7-1428 
tigning  by  architects,  X729 
iteel,  cost,  z2o6 

weight,  X207 
itructural-steel  specifications,   1x94- 

12X2 

veneered,  369,  X855 
rentilating,  X348-X354,  1356 
irind  bracing,  117X-1Z93,  X203 
irooden,  defined,  X855 
Dding  laws,  bearing  on  masonry,  44  x 
bearing-walls,  269 
brickwork,  367 
Kdumn-protection,  822-826 
concrete  columns,  length  of,  94Z 
concrete  fire-protection,  955^960 

floor-slabs,  937 
dectric  work,  1 480-1481 
devator-installation,  1663 
fiie-proof      construction,      811-905, 
x6z8-i620 


Building  laws,  fire-prool  paint,  821 

fire-proof  wood,  820 

floor  fiiv  tests,  837 

flooring,  fire-proof,  892*893 

floor-ioada,  7x9,  730, 1198 

footings,  assumed  loads  on,  151 

formulas,  steel  oriumns,  481 

foundation-beds,  loads  on,  14a 

hooped  columns,  942 

loads,  on  brickwork,  269 
on  floors.  7x9,  730 
on  foundation-beds,  X42 
on  masonry,  267,  287 

non-fire-proof  buildings,  areas,  8xa 
heights,  8x2,  8x3 

reinforced-concrete  columns,  940,  941 

sand  in  concrete,  908 

terms  defined,  z85X-x8s5 

unit  stresses  for  woods,  647 

walls,  thickness,  230,  331,  23a 

wind-bracing,  xx 71-1x72 
BuUding  matef^da,  1634-1637 

depreciation,  X634 

estimating,  1635 

quantity  system,  X635-1637 

wear  and  tear,  1634 
Buflding  papers*  1 564-1568 
Bureaus,  dimensions,  X638, 1640 
Bnttemnt  wood,  hardness,  1558 

unit  stresses,  651 
Buttresses,  1804 

center  of  gravity,  300,  303 

stability,  297-304 

Cables,  carrying  capacity,  1473 

measure,  25 
Caiasons,  2x0-2x4 
Calcareous  aafaiacals,  130, 13Z 
Cakite,  131 

specific  gravity  and  weight,  1502 
Calendar,  old  and  new,  30 
California,  legistratioD  law,  1778 
Cambered     truss     (see     Roof^tmsSi 

cambered) 
Calorixnetzy,  X250 
Candle-power,  1439,  X440,  X462 
Canopy  (Glossaiy),  1805 
Cantilever,  beams,  555,  1043 

momenU,  325,  3*6,  558,  559 
wooden,  629 

buildings  as  cantilevers,  1x73 

compound  footings,  X78 

flat  slabs,  concrete,  950 

foundations,  X65-X69,  978 

truss,  X043-1045,  iio5-rxo7 
Canvas  roofs,  8ox 
Cap,  cast-iron  columns,  459 
mill-construction,  76a 

steel-pipe  columns,  470,  471 

stone  (see  Coping) 

wooden  eolumns,  454 
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CAp-platm,  795 
Capital  (GioAsary),  x8o6 
Car-bamSy  steel,  weight,  1209 
Carbon,  in  steel,  381 
Carnegie  ahapea  (see  Beama,  etc.) 
Carpenter'a  role,  heat-loss,  z  261 
Carpenter'a  woric,  data  on  lumber  and 
work,  1558-1564 

cost  of  labor,  1564 
Carriagea,  dimensions,  1642 
Cars,  railroad,  capacities,  1643 

dimensions,  1642 
Case-work,  dimensions,  1640 
Cast  iron,  379 

appearance,  379 

castings,  379.  380 
shrinkage,  1531 

columns  (see  Columns) 

crushing-loads,  449 

defects,  379 

fiber-stresses,  557 

fire-resistance,  8x9-820 

lintels,  620-638 

manufacture,  379 

modulus  of  elasticity,  664 

plates,  weight,  1524 

shearing-stresses,  1505 

specific  gravity,  1505 

specifications,  379 

strength,  376,  379»  412 

tension,  376 

weight,  Z505,  152Z,  1524 
estimating,  1505,  1521 

weight  of  castings,  1521 
Castings,  shrinkage,  1521 

specifications,  fur  cast  iron,  379,  1x96 

steel,  stresses,  XX38,  1200 

structural,  painting,  1203 

weights,  1 521 
Cathedrala,  seating  capacity,  1654 
Cedar,  beams,  deflection,  664 
fiber-stress,  flexure,  557 
safe  loads,  640 

columns,  safe  loads,  450,  452 

crushing  strength,  449,  454 

hardness,  Z558 

specific  gravity,  X502 

unit  stresses,  557,  647,  650 

weight,  650,  1502 
Ceiling  (Glossary),  1807 

corrugated  metal,  1604 

loads,  1x97 

matched,  X563 

suspended,  87X-872 
Ceiling- joists,  wooden,  framing  to  roof- 
trusses,  1004 

maximum  spans,  736,  737,  742 
Cellar,  defined,  1853 

walls,  X29,  228,  239 
Cellar-drainer,  142  x 
Celaius  thermometer,  1250 


Cement,  235-240,  907,  908  I 

artificial,  236  \ 

chemical  composition,  237,  906 

constancy  of  v<dume.  907  \ 

corrosion  of  steel,  960  j 

cost,  238,  348,  9x0  I 

fineness,  237,  907  ' 

grappier,  236 

La  Farge,  236,  238 

manufacture,  236 

mixing,  238 

mortars,  freezing,  239 
proptortions,  235,  347 
specific  gravity  and  wetgfat,  13d 
water  required,  338 

natural,  235,  284  (see  HydzanicEai 

neat,  237,  907 

painting  of,  1573 

Portland  (see  Portland  ccBsat) 

Puzzolan,  236,  237 

quantities  in  concrete,  347,  24I,  24 

reinforced-concrete,  907 

setting,  237,  907 

slag,  236,  237,  338 

specific  gravity,  337,  907,  1502 

specifications,  336,  907 

stainless,  338 

strength.  335.  337,  340,  283,  284, f" 

tests,  337,  a40.  907 

water  required,  238 

waterproofing,  X7xx.  X7X7 

weight,  235,  723,  X502 
Cement  blocks,  269 
Cement-gun,  column-protcctioB.  826 
Cement-plants,  steel, -weighty  xao9 
Center,  striking  for  arch,  308 
Center  of  gravity,  X27,  391-296 

circle,  sector  and  segment  of,  295 

compound  figures,  394.  395 

found  by  moments,  294 

irregular  figures,  292,  295 

lines,  393 

particles,  heavy,  293,  294 

quadrant  of  circle,  293 

quadrilaterab,  292 

regular  figures,  292 

surface,  292 

table  of,  293 

triangles,  292,  293 

voussoir  of  arch,  313,  3x8 

wall  and  buttress,  300-301 
Center  of  pressure,  arches.  3x1. 3x5 

pier-joints,  300 
Centigrade  thermometer,  1350 
Ceramic  tile,  x6os,  X607 
Certificates,  architects,  1771 
Chain,  408-4x0 
Chain-btodcB,  1723 
Chain-cables,  409 
Chain-hoists,  1723 
Chain-books,  X724 
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sin,  dimeasions,  1638, 16391 1653 
ilk,  isa 

ipccific  gravity  and  weight,  1503 
unber  ol  Commerce  Building,  Bos- 
ton, piling-plan,  xga 
imfer  (Glossary),  1807 
umel,  beams,  saie  loads,  582-584 
tending  moments,  table,  576 
mckling,  576 
otumns,  467,  47&-480,  486-489 

safe  loads,  499»  Soo,  533-554 
leflection,  coefficients,  582-584 
lepth,  576 

limensions  of  standard,  353,  360 
louble  sections,  359,  373,  374,  499- 

500 
nd-bearing,  576 
noment  of  inertia,  337,  338 
»blique  loading,  573 
sropcrties  of,  3S9f  360,  373,  499,  Soo 
adius  of  gyration,  337,  338 
ections,  359 
et  flatwise,  572 
hearing,  576 
mall  grooved,  360 
teel,  prices,  1204,  12x2 
reb-resistance,  table,  576 
reight,  360,  576 
tpel  (Glossary),  1808 
urcoal,  combustion,  1272 
irges,  schedule,  1728, 1731 
ffles'  law,  gases,  1254 
Mk-nnta,  shock-loads,  1202 
«t,  130 
Kbiat*  beams,  coefficients  for,  628 

deflection,  664 

distributed  loads,  641 

fiber-stress,  safe,  flexure,  557 
olumns,  safe  loads,  450,  452 
rushing  strength,  across  the  grain, 

454 
rushins-loads,  with  the  grain,  449 
ardness,  X5s8 
pecific  gravity,  1502 
snsion,  376 

nit  stresses,  647,  648,  651 
reight,  651.  1502,  1558 
mjp  hardness,  1558 
reight,  1502 
nral-Klaaae8»   dimensions   of,    1638, 

1640 
cage  btiilding  code,  bearing  pressure, 

masonry,  441 
olumn-formula,  450,  460,  481,  482 
safe  loads,  493-495 
steel-pipe  column,  469,  474,  497, 

498 
ompression,  steel  members,  495 
oncrete  flat  slabs,  997 
lasonry-loads,  267 »  287,441 
lethod  of  excavating,  209 


Chicago  bufldiag  code,  office-buildiiigs 
assumed  loads,  151 

piers,  strength,  268 

skeleton  construction,  234 

thickness  of  walls,  230,  23 x,  232 
Chiffoniers,  dimensions,  1638,  1640 
Chimneys,  1281,  1364-1380 

for  boilers,  laSx,  1282,  1283,  1367 

for  fire  places,  1282 

for  kitchen  ranges,  1282 

formula,  1366,  X368 

for  tall  buildings,  1283,  1368 

gas-velodty,  1364 

height,  draft-relation,  xa8x,  1364 

radial-brick,  1368-X373,  1377 

reinforced-concrete,  1373-1373 

steel,  1376 

wind  load,  1x99,  1368 

tall,  list  of,  1379 
Chlorite,  131 
Chorda,  of  arcs,  38 

of  truss,  definitions,  998 

table,  8X-89 
Chnrchea  (Glossary),  x8o8 

air-changes,  X260,  1353 

cost,  x6i3 

floor-loads,  7x9,  720,  1x98 

seating-space,  1653,  1654 
Cincinnati  bnilding  code,   office-build- 
ings, assumed  loads,  X5x 

loads  on  foundation-beds,  X43 
Cinder,  cinders,  angle  of  repose,  256 

Concrete,  243,  250,  909,  930 

corrosive  action,  8x8,  960 

reinforced  work,  242 

weight,  250 

weight  of  loose,  256 
Circles  and  parts,  37, 38, 41 

areas,  tables,  42-54 

arcs,  mensuration,  54-59 

chords,  tables,  81-89 

circumferences,  43-54 

geometrical  problems,  66-74 

moment  of  inertia,  337 

radius  of  gyration,  337 

section-modulus,  337 
Circuit-breakers,  1461 
Circular  measure,  30 
Circular  mil,  1469, 1473 
Circular  ring,  61 
Circumference,  37 

circles,  42-54 
Cisterns,  capacity  of,  1404-1405 
Clapboards,  X563 
Classical  moldings,  X697 
Classical  orders,  x  698- x  704 
Clay,  angle  of  repose,  256 

bricks,  27s 

foundation-beds,  135,  X38,  139 

moisture  in,  138 

safe  loads,  Z4Z,  X43 
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Qmy,  spedfic  gravity,  1903 

weight,  loose,  356,  1503 
Clerestory  or  Clearstory,  (Gloanry )  ,1809 
Clerk  of  th*wock8»  2798,  1733 
ClerelsAd    boSiliBg    code,    loads    on 
foundation-beds,  143 

office-buildSngs,  assumed  loads,  151 
CleyiMa,  standard,  387,  398 
Climax,  cellar-dramer,  1491 

floor  system,  855 
Clinched  lath,  886 
Clinton  stWened  lath,  887 
Clips,  for  steel  beams,  6x6 
Clocks,  tower,  1^95 
Closet,  water,  14x1,  1428,  X64X 
Closet-xaaces,  dimensioBs,  1641 
Coach-screws,  1535 
Coal,  calorific  value,  1171 

classification,  1371 

composition,  1271 

specific  gravity  and  weight,  1303 
Coal-bunkers,  steel  weight,  1209 

loads,  1 198 
Coal-fields,  1271 
Coal-gas,  1273,  1 43 1 
Codes,  building  terms,  1851-1855 
Coefficient  ef  elasticity  (see  Modates) 
Coefficients,  beams,  556,  628 

deflection,  steel  beams,  668 

expansion,  steel,  382 

flow  of  water,  1383 

friction,  253 

sound  absorption,  1488-1493 
Coins,  weights,  29 
Coke,  combustion,  1272 

specific  gravity  and  weight,  1503 
Cold-4ur  ducts,  furnaces,  13x9 
Cold-bending  teats,  iron  and  steel,  378, 

384,  38s,  9*4 
Cold-storage,  temperature,  1693 
CoUar-beam,  18 10 
Colleges,  architectural,  r779 
Color,  llgfafc-sources,  1438 

mortar,  1547 
Colorado,  registration  law,  17^ 
Column,  columns, 

bases  (sec  Bases,  columns) 
base-plates,  440-445,  1524 
bearing-brackets,  445-447 
bearing-plates,  440-445,  1524 
bending  moments,  485 
Bethlehem,  475,  479,  482-488 
loads,  tablini,  483,  50^5 » 5 
box,  342,  467,  479,  484 
caps  (see  Column-caps) 
cast-iron,  455,  466 

advantages  and  disadvantages,  455 
bearing-brackets,  445-447 
breaking-loads,  462 
connections,    445,    447,    457,    458, 
945-9A6 
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CoIbbii,  CBSt-iiQB,  cyliBdricat,49»,4 

459.  461,  1523 
des^B,  45^-459 
failare  by  fire,  780 
fireprooittg  k«,  78X,  Sas-^SiS 
H-shape,  456,  458 
nispection,  456 
reinloiccd^oDcrete, 

945 

safe  loads,  46Z-466 

square,  hoUov,  45*,  45*.  4*t,  «5« 

strength^  459-466^  480-483 

weight,  1522,  1523 
chana^  (sea  rimaniei 
dassificatioo,  448 
concrete,  not  reinforced,  3S4 
cross-sections,    moments  ol 

34 »,  343 
radii  of  gyration,  344.  345 
defraiti^DS,  44&,  467,  477, 1810 
eccentric  loading,  pipe  cdkxaas,  fi 
eccentric  loading,  steel  eotauaa.  ^ 

488 
eccentric  loading,    woodea  oaiaai 

453»  454 
fireproofing  for,  46S,  780-731. 1::- 

826,  959,  960 
footings  (see 
general  prindptes,  448 
H  columns,  456,  456,  459 

economy,  458,  474.  483 

safe  loads,  <:ast-uoB,  4^ 

safe  loads,  sted,  506-5x5 
I-beam  colxunns,  474,  488.  504*  J^l 
LaDy,  467,  474,  477 

loads,  488,  516 
lattice,  477-479 
lengths,  schedule  for.  49' 
loads,  Hve,  luropoitioo,  148^15^  A 

490,  1196,  1x98 
•  tables,  488-490,  493-554 
mill-confltruction,  782-788.  9S9,  f^ 
978,  980.  981 

cost,  8x0 
pipe,  469-474,  488 

loads,  488,  497,  498 
plate-and-angle  (sec  Coln■■s,sta^ 
reinforced-concretc,    94X-94&i  9^ 
980 

calculations  for,  976,  977 

fire-proofed,  958-959 

metal-core,  944-*94S 
safe   loads,   tables,  482,  49^  *^ 

554  i 

slendemess-ratio,  448  j 

Bteet,  467-554 

bases  for,  473-477 

beam  columns,  safe  loads,  sotrf^ 

box,  342,  343,  467.  479 

channd  (see 

choice  of  type,  467-468 
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•mil.  stid,  conaectioftt,  468,  47c, 
471,  473-478,  945-946 
connections  in  wind-bracing,  11 74, 

II7S,  1179,  1189,  1190 
cost,  467,  468,  X207 
design,  482-485 
eccentric  loading,  485-488 
examples,  482-488 
failure,  469,  819 
fireproofing  for,  468,  780,  783,  8x9, 

822-826 
formulas,  480-482,  485^  493-496 

diagram,  496 

Gordon's  formula,  481,  484,  485, 
486,  487,  493-485.  496 

Rankine's  formula,  481,  484,  493, 

496 
straight-line,  481,  482,  493,  496, 

X139 
H-column,    table   of   loads,    483, 

504-S15 
lattice,  477^479 
loads,  1 196,  1198,  I90X 
loads,  proportion,  X48-X5a,  489- 

490,  X196,  1x93 
loads,  tables,  488-49o>  493-554 
plate-and-angle,  467. 488, 51 7-53  < 

(see   Plate-and-angle   oolajna) 
reinforced  concrete,  946 
section,  467,  468 
splices,  X20I 
strength,   general  principles,  480- 

482 
stresses,  6x8,  xxaS,  X200 
struts,  angle,  safe  loads,  488,  50X- 

503 

types,  467,  477 
teel-pipe,  469-474 

loads.  488,  497,  498 
truts  in  trusses,  480,  499-S03 
rind-bracing,  1174,  1183,  1x89,  1x90 
rooden,  bases  for,  782-788 

bolsters,  454.  795 

eccentric  loading,  453,  454 

factor  of  safety,  448 

formulas,  45O1  z'39 

metal  caps,  454,  762,  781-788,  795- 
800 

miil-construction,  782-788 

safe  loads,  448,  449*  45o 
tables,  45 X,  45^ 

strength,  general  principles,  448- 

4SO 
rrought-iron,  fireproofing,  780,8x9 
unn-bAses  (see  Bases) 
Binn-capSt  metal  for  wood,  454,  762, 

782-788,  795-800 
for  steel-pipe  columns,  470,471,  47a 
lunn-footixigs,     bearing-plates    for, 

440-44  S 
esign,  175-188 


C«iltiaB*loottaci|  loads  for  design,  xsz, 
152,  x6o 

moments,  X76-Z7S 

plan,  XI9S 

proportioning,  152-164 

reinforced  concrete,  186,974, 978-982 
Cohmm-Blieeta,  490 
Combined  stresses,  X38,  480,  57a,  X114 
Commercial  weights  and  mearares» 

28 
Commodes,  dimensions,  X638,  1640 
Competitions,  architectural,  X733-X747 

ethics,  1729 
Composite  Order,  1702 
Composite  piles,  timber  and  concrete, 

X98 
Composition,  forces,  288 
Compound  sections,  moment  of  inertia, 

339 
radius  of  gyration,  344 
ConimMioo,  127 

members,  steel,  specification,   Z20x- 

X203 

sig-,  106s,  X068 
Concrete    (see,   also,   Reinforced  con- 
crote),  240 
adhesion  to  steel,  9x2,  919,  920,  938, 

940 
aggregates,  241,  287,  908,  909,  945 

effect  of  hest,  8x7 

strength,  287 
beam-protection,  860 
beams,  not  reinforced,  6a8,  637 

coefficients  for,  628 

fiber-stresses,  557 
bearing  surface,  285 
blocks,  816,  956 

fire  test,  956,  957 

machinery  for,  8x6 

walls,  233 
bonding  old  and  new,  965 
capping  of  piles,  19  x 
cinder,  242,  250,  909,  930 

corrosion  of  stesl,  8x8,  960,  961 

fire-resistance,  8x8 

weight,  250 
column -protection,    780-783,    Saa- 

826 
columns,  284 
compressioo-tests,  983 
compressive  strength,  283,  287,  44X 

tests,  2^4-286 

working    stresses,    265-267,    287, 

441,  9" 
consistency,  243,  a86 
corrosion  of  steel,  8x8,  960,  961 
cost,  249-250,  910 
dehydration  of,  245 
design  of  massive,  246 
electrical  action,  17 13 
finish  of  suriaces,  246,  965 
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C4Micret8»  fireproofing,  coluiftn-protec- 

tion,  780,  782,  8aa-826 

concrete  blocks,  8x6,  956 

roofs,  866,  871 

tests,  24s,  955-960 

warehouse-construction,  780-783 
flour-mixtures,  17x3 
forms,  245,  963-965 
freezing-temperature,  344 
gravel,  24 x,  286,  908 
heat,  conductivity,  245 

effect  of,  345,  817,  957-95* 
I-beam  protection,  780,  847 

ceilings,  849 

roofs,  871 
I  beams,  854 
laitance,  344 
limestone,  weight,  350 
mass,  strength,  267 

design,  246 
materials,  proportions,  243,  347,  907, 

909-910,  945 
mechanical  analysis,  9x0 
mixers,  963 
mixing,  243,  343,  963 
mixtures,    909-9x0,    945,    963-964. 

1713 
modulus  of  elasticity,  934,  935 

blocks,  heated,  956 

design,  assumption,  934 

ratio  to  steel,  9x3 
modulus  of  rupture,  384 
molds  for,  962-966 
natural  cement,  235,  267*  284 
painting,  X573 
partition?,  876,  88 x 
penetrative  washes,  X7X2 
permeability,  causes,  X7X0 
pile-capping,  191 
piles  (see  Piles) 
pipe-column  filling,  469 
placing,  244 
plant-cost,  250 
Portland-cement,  240-351 
pouring,  964 
preparing,  242 
properties,  240 
proportions,  240,  243,  247-249.  907. 

910,945,  X712 
protective  coatings,  17x3 
xamming,  964 

reinforced  (see  Reinforced  concrete) 
retempering,  344 
rubble,  244 
saline  waters,  17x3 
sand  in,  241,  347,  908 

grading,  241 
shearing  strength.  284 
shrinkage,  245 
slag,  fire-resistance,  8x7 
specific  gravity,  XS03 


Concrete,  stone  (see  Coacnt^t$ 
gate)  J 

strength  (see  Concrete*  conyns 

tensile,  284  1 

surface-finish,  346,  965,  1555     J 
temperature-changes,  345  1 

tensile  strength,  284  J 

test  for  hardening,  245  ! 

tests,  383-387.  817  j 

tile,  strength  of,  ftz7  | 

tiles,  8x6  ' 

tools,  963-964  j 

cost,  250  j 

transporting,  964  ! 

trap-rock,  350,  817 

tremie,  use  of,  344  . 

under- water,  344  : 

uses,  340,  906 

walls,  338-329,  946-947.  965, 9«  , 
cost,  350 

water  used  in,  342,  909 

waterproofing,  246,  X7C9-X717 

weight,  350,  X503 
Conductora,  electricity,  1458 

lightning,  1704-1707 

water,  roofs,  1658 
Conduits,  electric-wiring,  1479 
Cono,  38 

center  of  gravity,  295  . 

frustum,  38,  61,  63  I 

surface,  61  . 

volume,  63 
Conic  sections,  38 
Coniferous  woods,  ultimate  unit  sticai 

649 
Connections     (see     under     CskHM 

Beams,  etc.) 
Consoles  (Glossary),  i8xx 

terra-cotta,  278 
Construction,  insurance  duris^.  i'^ 
Continuous  beams  and  girden,  3I 

671-680,  979,  93o 
Contract  drawings,  1753 
Contracts,  arbitration,  1763 

architect  and  owner,  1740, 1746 

contractor  and  owner,  X75X 

forms,  X750,  1752 

owner  and  competitor,  X740,  ir^ 

subcontractor  and  contractor.  ijtS 

uniform,  1749 
Contractor  vs.  Architect,  rdatica,  rpi 
Contractor's  insurance,  1756 
Conversion  tables,  metric,  33-35 
Coping  (Glossary),  x8xx 

stone,  XS39 
Copper,  roofs,  1604 

sheets,  X049,  X5X0-X51X 

specific   gravity   and   weight,  tjV 
15x0 

wire,  40X,  X469,  X474,  XSU 
current  capacity,  1470 
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rtel  (Glossary),  tSii 
rda,  sash  (see  Saab-eords) 
re-boringa*   foundation-bed   testing, 

!e8f  steel,  in  concrete  columns,  441 

eduction  for,  in  castings,  1521 

inthiaa  Order,  170a,  1703 

Biar-baai&a.  dimensions,  1641 

»«r-alaba,  dimensions,  1641 

nices  (Glossary),  i8xx 

nills,  764,  769 

iT-bara,  916,  923 

rr-meah,  S53 

[ffoaioii.  cinder  concrete  on  steel,  8x8, 

960,  961 
rmcated  bara,  9x6 
[mcatad  iron  and  ateel  roofing*  X046, 

1049.  1599-1604 
rragatad  shaata,  X599-X604 
Atl-condens.  tion  lining,  X603 
ieilings,  X604 
overing  capacity,  X603 
loors  and  roofs,  85  x 
(alvanixing,  x6oo,  1604 
;auges,  40a,  15x0,  x6oo 
lying,  x6ox 
ides,  building,  X603 
reight,  x6oo,  X603 
Mcanta,  tables  of  natural,  xx7 
inaa»  tables  of  natural,  95 
itt  coats,  brickwork,  X544-X547 

mill-buildings.  8o8~8xo 
»ttildings,  cubic  foot,  X6XX-1634 
milding-papers,  X568 
arpenters'  work,  X564 
ement,  ajS,  248,  9x0 
olumns,  mill-construction,  8x0 
oncrete,  349-250,  9x0,  X613,  x6x8 
ubic  foot,  buildings,  X61X-X634 
ut  stonework,  1539 
[rafting,  structural  steel,  x2o6 
Iriving  wooden  piles,  x9s 
twellings,  16x3 
levators,  1659,  1670 
nameled  bricks,  1544 
recting  structural  steel,  xao6 
itimating,  buildings,  i6xx-x63S 
xcavating,  1536 
aposition-buildings,  1627 
'ederai  buildings,  16x3,  x626'x633 
(Its,  X565.  X568 
re-proof  partitions,  889 
agstones,  X539 
oors  in  mills,  8x0 
lass,  XS74-XS77 

polished  plate,  X576 

sheet,  X575 

skylight,  X580 

window,  XS77 
icandescent  lighting,  1482 
ibor,  X564 


Coat,  lathing  and  plastering,  1557 
library-stacks,  X697 
mill-construction,  reinforced-concrete, 
777,  16x3,  x6x8 

slow-burning,  758,  777,  802-8x0 
mineral  wool,  x6io 
ofilce-buildixigs,  16x3 
partitions,  sound-deadening,  889 
piles,  driving,  195 
pitch-slag,  roofs,  X598 
plttmbing-fixtures,  8x0 
public  building,  16x3,  x6a8-x634 
refrigeration,  X695 
reinforced  concrete,  250,  9x0,  x6x3, 

x6x8 
roofs,  mill-buildings,  777,  8x0 
roofing,  asphalt-gravel,  X599 

gravel,  X598 

slag,  1598 
slate,  X046,  X585 
tile,  X046,  X587,  X607 
tin,  X046,  1589,  XS93,  XS94 
saw-tooth  roofs,  777 
school-buildings,  x6x3,  16x4,  x6x6 
slates,  X046,  X585 
slow-burning  construction,  758,  80a' 

8x0,  x6x9 
square  foot,  buildings,  X627-X634 
steel,  structural,  x 204-12x2 
stonework,  X538 
tiles,  X046,  X587.  1607 
tin,  gutter-strips,  1594 
rolls,  XS94 

roofing,  X046,  X589,  XS93,  xs94 
trusses,  steel,  X2o6 
warehouses,  777,  802*8x0 
Cotanganta,  tables  of  natural,  1x5 
Cotton,  weight,  733 
CottOB-^nill,  design  and  cost,  803 
Cotton  ropa,  406 
Cooatarbraeaa,  wooden  trusses,  xoo»- 

X006.  X034,  XX04 
Coonterforta,  retaining  walls,  263 
Countar-tiaa,  386 
Coontartfamat,  305 
Covar-plataa,  box  girders,  696 
plate  girders,  687 
riveting,  42  X,  422 
Crane,  chain,  4x0 
clearance-diagram,  1x95 
load,  1x97,  xaoz 
truss,  X069 
Creoaote,  X570 

oil,  X503 
Crockery,  weight,  723 
Crosa  (Glossary),  x8x2 
CroM-aectiona,  332-374 
Crown,  of  arch,  305 

CroaUng  strength  (see  under  each  ma- 
terial) 
Cubage,  x6xa 
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Cube,  cubes,  38 
Cube  root,  4 

t&bles,  8-24 
Cubic  measure,  37 

metric,  31 
Cummings  system,  reinforcing,  923 
Cupola  process,  iron,  1379 
CvrUnc-stones,  1539 
Cycloid,  definition,  80 

problems  on,  80 
Cy&iders,  38,  63 

contents  of,  various  diameters  1403 
Cypress,  beams,  distributed  ioads,  641 
deflection,  664 
flexure-stress,  557,  650 

columns,  safe  loads,  450,  453 

crushing-loads,  across  the  grain,  454 
with  the  grain,  449 

specific  gravity,  1503 

ultimate  stresses,  650 

weight,  650,  X503 

working  stresses,  647 

DaUstrom  metal  doors,  896 
Dams,  concrete,  cost  of,  250 
Dead  load,  definition,  126 
Deadening  partitions,  890 
Daadening-quilts,  1565 
Decagon,  37 

Decimals  of  inch,  table,  26 
Deck-beams,  steel,  loads,  56s 
Deflection,  beams,  663-670 
allowed,  566,  628,  664*  736 
steeU  566,  6x2,  668-670,  677 
wooden,  636,  653,  654-^57 

continuous  girder,  674-676 

dia4^ram,  670 
Deformation,  definition,  125 
Degree,  degrees,  of  heat,  1250 
Density,  1247 

Denver  building  code,  masonry-loads, 
267,  287 

thickness  of  walls,  231-232 
Department-stores,  steel,  weight,  1908 
Depreciation  of  buildings,  1634 
Derrick,  rope  for,  408 
Desks,  sizes,  1640,  1645 
Details,  structural,  specifications,  1202 
Diagonals,  37 
Diameters,  37, 1814 
Diamond  bar,  reinforcement,  9x7 
Diamond  bits,  foundation-bed,  testing,  145 
Diamond-mesh  lath,  884 
Dimensions,  useful,  1637-1658 
Dodecagon,  37 
Dogwood,  hardness,  1558 
Dolomite,  131,  132 
Domes,  1213-123X 

(Glossary),  18x4 

angle,  critical,  12 13 

reiniorced  concrete,  1217,  x085->xa3i 


Domes,  ribbed,  2933 

secondary  stresses,  X2so 

smootb-sheU,  1213 

steel,  X222 
weight,  1324 
Door,  doors,  fire-resisting«  801 

iron,  standard,  definitioB,  x8s4      i 

metal   and    metal-covered,  894'^ 
901-902 

school-buildings,  1648 
Door-frames,  cement,  898 

metal,  897  1 

terra-cotta,  898-899 
Door-sills,  stone,  1539 
Doric  Order,  1699-1700 
Doubie-pienum-duunber  syUcm.  h^ 

ing,  13*7 
Douglas  fir,  beams,  distiibcted  kd^ 
643 
deflection  in,  664 
flexure,  557,  628.  647,  650 
columns,  safe  loads,  451 
crushing-loads,  with  the  gruo.  44 
crushing  strength,  across  the  gifl 

454 

s];>ecific  gravity,  1503 

unit  stresses,  376,  4x2,  647t  6so 

weight,  650,  1503 
Dovetailing  (Glossary),  18x5 
Dowel  (Glossary),  18x5 
Documents^     American     lostitott  4 
Architects,  list,  1767 

standard,     American     Institste  1 
Architects,  1748 
Draft,  definition.  1564 

natural,  air-velocity,  1302 
Draftiag,  stnxctnial,  cost,  X2o6 
Drain,  drains,  1407-14x4 

area,  1408 

cellar,  X42X 

house,  1407-X414,  14x9-1421 
Drain-pipes  (see  Pipes) 
Drainage  of  buHdisgs,  X407-I4X4,U9 

X42X 
Drainer,  cellar.  142  x 
Drawings,  architect's.  172 J,  T751 

competitive,  X737,  X744,  X74S.  i«<* 

contract,  X753 

property  of  architect,  X733 

shop,  X7S4 

working,  steelwork,  xx9$ 
Drift-pins,  4x4,  683 
Drill-rooms,  floor-loads,  719 
Drop-hammer,  pile-driving,  190 
Drum-trap,  X413 
Dxy  measure,  37 
Dry-rot,  759 

Du  Long's  formula,  beat  of  cesl,  i:) 
Dttchemin's  fonnnls,  wind.  xt«9 
Ducts,  air.  design,  X333-1341 

cold-air,  furnaces.  X3X9 
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Kicts,  fresh-air,  sizes,  x$aa 
hot>air,  area,  1301 
metal  gauge,  1356 
system,  design,  1346 
irellings  (see  also  RefidMices) 
cellar  walls,  229 
cost  of  constructing,  1613,  16x4 
floor-joists,  737,  742 
floor-loads,  149,  7X9>  tx9S 
heating,  1256,  i3S3>  136X-X365 
wall-thickness,  230,  232 
fwatnSSf  weight  of,  723 

irthy  xnatttAal,  132 

weight,  IS37 

istera  flr,  safe  load,  639 

safe  stress,  647 

xceatric  loads  (see  Loads*  eccentric) 

JsoeSy  acoustics,  X487 

lucation,  registration  laws,  1769 

lucational  inatitiitioDS*  1779 

Borescence,  brickwork,  1547 

[yptiaa  long  measures,  34 

QTptian  style,  architecture,  1704 

■stie  limit,  definition,  126,  381,  9x3 

asticity,   coefficient  or  modulus  ol, 

126,  626,  662 
reinforced  concrete,  9x2,  934 
steel,  38X,  9x2,  934 
timber,  647,  73X-734 
bows,  heating,  pressure'loss,  1338 
BCtxic  work  for  buildings,  X457-1485 
cabinet- wiring,  1477,  148X 
center  of  distributioA,  1471 
circuit-breakers,  X46X 
code-requirements,  X480-1482 
conductors,  X458 
conduit  system,  X479 
cost,  of  lighting-equipment,  X482 

of  wiring,  X482 
design  of  lighting  systems,  X446-X448 
drop  of  potential,  X470 
feed- wires,  X478 
fuse,  enclosed,  1461 
fuse-block,  X481 
insulators,  X458 
interior  wiring,  1482 
knife-switch,  1477,  X479 
lamp-arrangement,  1465,  X466 
amps,  number  of,  1446,  X449f  X475 
national  electrical  code,  X480 
xywer-computations,  1459 
tpecificatiotts,  1482 
twitches,  X478,  X479 
ystems  of  lighting,  X464-X469 
rire-calculations,  1 469- x 47 2 
rire,  dimensions,  weights,  X474»  X475. 

1477 
carrying  capacity,  1470,  X473,  X47S 
riring-diagTam,  1476 
symbols,  X476-X478,  X484 


Electricity,  1457-1464 
Electrolysis,    reinforced<concrete  foot- 
ings, x86 
Elevator,  1659-1677 

car-platform,  x66z,  x666,  1675,  1676 

comparison    of    types,    x66o,    1664, 
X670 

cost,  16^9,  X670 

counterweights,  protection  of,  X662 

development  of  systems,  1667-1669 

economic  considerations,  Z67X 

efficiency,  1659 

electric,  1659,  1666,  1669,  1676,  X677 
versus  hydraulic,  1660, 1664, 1670 
passenger  systems,  1667-X670 

express,  1661,  1673,  1675 

geared,  1659,  1669 

gearless,  1659,  1665 

hatchway,  size,  1660,  X667,  X675,  X676 

hoist  way,  1660, 1662 

hydraulic  plunger,  1670 

versus  electric,  z66o,  1664,  1670 

installation-data,  1663,  1674,  1675 

laws  governing,  1663 

loads,  1662,  1674 

local,  1661,  1673,  167s 

machinery-room,  z66o 

motors,  current-consumption,  1677 

•     feeders,  1677 
sizes,  X676,  1677 

number  required,  z66z,  1673 

operating-costs,  1670 

power-diagrams,  167  x 

push-button  control,  1666 

safety-appliance,  X664,  1669,  X672 

service,  formulas  for,  1673 

signal-systems,  1672 

sizes,  z66i,  1667,  1675 

specifications,  X663 

speeds,  X662,  X674 

standard  designs,  1663 

time-schedule,  1671 

towers  for,  in  mills,  764,  765,  768 

traction,  1665,  1669,  1670 

traffic-capacity,  1672 

types,  z66o,  1668 

use  of,  Z667 
Eleyator-tower,  mill-construction,  764, 

76s 

storehouse,  768 
EUipse,  38 

center  of  gravity,  293 

problems  on,  74-79 
Ellipsoids,  60,  65 
Elm,  hardness,  1558 

specific  gravity,  X503 

ultimate  unit  stresses,  65  x 

weight,  651,  ZS03 

working  stress,  flexure,  557 
Elongation,  eye-bars,  386 

steel,  38Z,  384.913 
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Enamel,  painting,  1570 
Enameled  tile,  1605-1607 
Eneivy,  work,  1248 

and  power,  relation,  1250 
Eni^eering,  architectural,  terms  used, 

X24, 128 
Engineering    News    fonnnla   for    pile 

foundations,  193 
Engines,  fire,  dimensions,  1642 

foundations  for,  17x6 

hot-air,  1393 
Enneagon,  37 
Entasis  (Glos&ary),  18x7 
Entropy,  of  steam,  X254 
Eqai]fl>rium,  124 

of  parallel  forces,  290 

polygon,  forces,   289,   299,  313-315. 

319 
Estimates,  architects',  1728 

guaranteed,  1731 
Estimating  (see  Costs) 

quantity  system  of,  1 635-1637 
Ethics,  professional,  1729,  X73X 
Eustyle  (Glossary),  1817 
ETSporation,  1251-1254 

equivalent,  boiler,  1274 
Evolution,  mathematics,  3-5 
Examination,    architects,    New    York 

state,  X773 
EzcaTStion,  200-223 

below  water,  303 

bracing,  201 

Chicago  method,  209 

data  on,  1536 

dredged  wells,  2x0 

earth-pressure,  20X,  205 

freezing  process,  214 

needling,  218-222 

open-caisson  method,  210 

pneumatic-caisson  method,  2x1-2x4 

p>oling-board  method,  209 

protecting  adjoining  structures,  3x4- 

322 

quicksand,  X37,  2xx 

rock,  1537 

sheet  piling,  200-209 

shoring,  214-222 

underpinning,  2x4,  2x8-222 

volume  of,  computing,  65 

well-curb  method,  2x0 

well-digger's  method,  3xx 
Expanded  metal,  846-847,  883-884,  9x9 
Expansion-bolts,  1534 
ExiMUision-tank,  1360 

hot-water  heating,  X307,  X308 
Exposition-buildings,  cost  of,  X627 
Expenses,  architects.  X73x 
Expert,  in  competitions,  1735 

services,  payment,  X728 
Extrados,  arch.  305 
Eye-bars,  386,  395 


Pace,  arch,  30s 
Faee^wall,  definition,  355 
Factor  of  safety,  126,  37s,  556 
Factories,  air-changes,  1260, 1353 
brick,  8ot^8xo 

heating,  direct  radiatioa,  X296 
hot-blast,  13*4,  1336,  1342-mj 
temperature,  1256 
non-fireproof,  height,  8x3 
reinforced-concrctc,  96S-997 
steel,  X2XO,  1627 
wooden  construction,  75J»-Sxe.  Hn 
Fahrenheit  thermometer,  lasc 
Fan,  maximum  speed,  1357 

ventilation,  1341-X347.  X357 
Fan  system,  heating,  13  24-1341 
Fan  trusses,  102  5- xo 29.1x4.5 

stresses,  xo5^xo6o.  1078.  iiis 
Federal  bnildinffB,  cost,  16x3,  itzi  if] 
Feed-wires,  electric.  1478 
Fees,  architects',  1731 
Feet  oonvertod  Into  iniilmi,  34, 55 
Feldspar,  X3z 

specific  gravity  and  veH^ht,  1504 
Fellowships,  architectnnd,  ti7^  t^it 
Felts,  asbestos,  1567 
building,  X564-X56S 
cost,  XS65,  X568 
Ferroixiclave,  floors,  850-^51 
roofs,  85  X 

stair-construction,  9eo-*9oz 
Fiber-stresses    (see,   also,  nadercid 

material).  X26,  556,  557 
Field-rirets  (see  Rnwts) 
Fillers,  web-stiffencrs,  666 
Filters,  water,  1421 
Finial  (Glossary).  x8i8 
Fink  trass,  X02 5-1030,  iT€x-xii4 
cambered,  stxesaea,  Z070-X08X 
stresses,  xos8-io6x 
steel  members,  X148,  xz6x-xx64 
Fir,  DougUs  (see  Doo^bs  ir} 
Eastern,  beams,  safe  loads,  €^ 
unit  stresses,  647 
Fire-clay,  fiue-linings,  zs8i 
Fire-doors,     metal-covcied,     Sa^^i 
90Z-902 
stairways,  779 
tin-covered,  90X,  1855 
Fire-engines,  dimenrions,  x64a 
Fire  escapes,    warehouiics,    764.   ^ 

778,  779 
Fire-extinguishers,  903 -^oo^ 
Fire-protectioa,  alarm  system,  diets 
903 -00s 
doors  (see  Fire  -doei  s^ 
fire-extinguishers,  905-905 
fire-retardants,  759 
hose.  768 
hose-reels,  903 
outside  hasard,  901-90J 
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•-pirotection,  partitions,  Sot 

>umps  for  fire-streams,  759,  X401 

roof  nozzles,  8oz 

scuppers,  767 

(hutters,  759,  778,  801,  901,  903 

ignaling  systems,  905 

sprinklers,  801,  903-905 

nxUl-buildings,  759,  768 

timber-spacing,  777 

tanks,  779 
stairways,  764,  7^5,  778,  779 
(tandpipes,  768,  8oz,  905 
tteam-pumps,  1401 
steelwork,  468,  760,  780-782,  8x9, 

822-8a6 
:anks,  779.  140a 
Nrater-supplies,  803 
irire-glass,  759,  778,  82X 
e-imxnps,  steam,  759,  X40X 
e-resiatance  of  xnaterialB  (see  Fire- 
proofing) 
e-stopa,  mill-construction,  759 
e-streams,  1397 
>umps  for,  X40Z 
e-tests  (see  Tests) 
e-towera,  764,  76s,  778,  779 
e^walla,  storehouses,  765 
eplaces,  flues,  1282 
eproofing,  asbestic  plaster,  818 
isbestos,  8x9 
>eams  and  girders,  780-782,  827-842, 

844,  849,  854-860 
brickwork,  8x4 
buildings,  81X-905 

cost  of,  802,  8x2,  X619-X625 

percentages  of  cost,  x6x9 
;eilings,  871-872 
columns,  cast-iron,  78X,  829-826 

steel,  468,  780-782,  822-826 

wrought-iron,  780,  8x9 
:oncrete,  column-protection,  824-826 

concrete  blocks,  8x6-8x8,  956 

floors,  860-866 

roofs,  866 

tests,  245,  955-960 

warehouse-construction,  780-783 
looring,  892-893 
loors,  826-866 

nterior  finish  and  fittings,  893-901 
naterials,  811-905 

fire-resistance,  245,  8x4-823,  955- 
960 
nortars,  8x8 

municipal  definitions,  8xx,  X853 
i)aint,  82X-822,  894 
partitions,  873-892 
[rfaster,  818,  878-882,  889-891 
plaster  of  Paris,  8x8 
prism  glass,  82 x 

rcinforced-concrete,  781,  8xx,  955- 
960 


Pireproofing,  roofs,  801,866-872,  x597 
stairs,  899-900.  947,  983 
steel,  468,  760,  780,  832-826 
stone,  8x4 
terra-cotta,      234,     8x4-8x5,     828, 

874 

trusses,  860 

wall-coverings,  881-892 

wire-glass,  82  x 

wood,  fire-proof,  820,  894-895 
Fires,  cast-iron  in,  8x9 

steel  and  wrought-iron  in,  8x9 

concrete  affected,  245,  955-960 
Fish-plate,  roof-trusses,  X155 
Flagpoles,  dimensions,  1644 
Flagstones,  282,  X539 
Flashings  (Glossary),  x8i8 
Flats,  steel,  safe  loads,  389 
Flexure,  X26,  324~33x,  332-334,  S5S 

reinforced-concrete  beams,  924-94X 

steel  beams,  564-573 

wooden  beams,  627-637,  647-656 
FUnt,  130 

specific  gravity  and  weight,  X504 

tile,  X605 
Flitch-plates,  beams  and  girders,    655, 

656 
Floor,  floors,  asphalt,  x6o8 

Akme  system,  949 

beam-and-slab,  968 

Berger's  metal  lumber  and  concrete, 
852,  858 

brick  arches,  827 

cantilever  flat  slab,  950 

Climax  system,  855 

Corr-plate  system,  950 

Excelsior,  tile,  838 

expanded-metal  and  concrete,  847 

Ferroinclave,  850-85  x 

fire-proof,  brick  and  tile,  826-842 
concrete,  842-866 

fire  tests,  827 

flat  reinforced,  845-846,  949-952 

Floredome  system,  953 

Floretyle  system,  952-953 

framing,  steel  (see  Framixig) 

girderless,  968,  993-997 

girders,    steel,    specifications,    x2ox, 

X202 

Guastavino,  84X-842,  843,  X243 
heat-transmission,  X259 
heating  pipes  through,  X360 
Herculean,  838-839 
I-beam  system,  concrete,  854-855 
Johnson  construction,  837-841 
joists  (see  Floor- Joists) 
keys,  tile,  835 
loads  (see  Loads) 
lock-woven  fabric,  849-850 
M  system,  948-949 
metal  lumber,  858 
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Plow,  miU,730,  760,  766,  769.  78a-794 
(see  MUl-constmction) 
New  York,  tile,  840 
reinforced-concrete,    842-856,    934- 

940,  94«-9SS,  968,  97X 

cost,  250 

design,  985-997 

four-way  reinforcement,  949 

girderless,  968,  993-997 

mushroom  system,  950,  993-997 

S.  M.  I.  system,  950 

top  coat,  239 

triangular-mesh  fabric,  850 
reinforced  tile,  838-842 
sectional  systems,  853-854 
segmental,  concrete,  844-845 

tile,  831,  833 
separately-molded,  953 
side-construction,  830-833 
Siegwart  system,  855 
skewbacks,  tile,  834,  835 
square-panel  system,  968 
steel  framing,  computations,  861-866 
System  M,  948 

terra-cotta,  828-840,  1604-1607 
tie-rods.  307,  832 
tile,  828-840,  953,  1604-1607 
tile-and-concrete,  951-952 

end-construction,  829,  833,  837 
Vaughan  system,  856 
Waite's  concrete  I-beam  system,  854 
warehouses,  764,  777 
Watson  system,  856 
weight  (see  Loads) 

of  wooden  construction,  7x8 
welded-metal  fabric,  848 
wire  fabrics,  848-850 
wooden,  cost,  8x0 

estimating,  1563 

framing,  72X-73X,  746-757 

mill -construction,  730,  760,  766 

old,  strength,  749 

plank,  730-735 

strength  and  stiffness,  7x7-757 

warehouses,  764,  777 »  893 
workshop,  769 
Floor>joiats,  wooden,  assembly-halls, 
maximum  span,  739,  744 
bridging,  748.  749.  1804 
churches,  738,  743 
continuous,  7x7 
corridors,  739»  744 
dwellings,  span,  737,  743 
framing-deUiis,  749-757.  783-795 
hangen,  7 50-7 57, 783-794 
nominal  and  actual  sizes,  637 
office-buildings,  738,  743 
plans,  717,  737.  747 
school-buildings,  717,  737,  74a 
sisEc,  637 
spans,  maximum,  736-746 


Floor-Joistat  woodoi,  sliffwrn ,  ta^ 
63s.  638-646  1 

stirrups,  7SO,  7Si,  754-757.  7«7-» 
stores,  span,  739,  744 
strength,  tables,  635,  638-646 
tenements,  737,  74a 
theaters,  maximum  spaa,  738,  74} 
weight,  wooden,  718 
Floor-slabs  (see  Reiaforcad 

slabs) 
Floor-tilinc  (see  Floocinc) 
Flooring,  banks,  893 
cement,  83 x,  893 
composition,  893 
concrete  finish,  965 
fire-proof,  893 
hotels,  893 
matched,  1563 
mortar  over  concrete,  965 
Mosaic,  x6o7 
slate,  x6o6 
terrazso,  1607 
tiling,  x 604- X  607 
toilet-rooms,  893 
warehouses,  764,  777,  892,  893 
wooden,  cost,  8x0 
estimating,  XS63 
mill-construction,  760,  766 
old,  strength,  749 
plank,  730-73  S 
strength  and  stiffness,  7x7-757 
Floredome,  953 
Floretyle,  952-953 
Florilnze,  X579 
Fines,  X38x-xa83,  1365 
gas-velocity,  1364 
vent,  1356,  1357 
Fluid  BMasore,  38 
Flushometar,  Kenney,  1420 
Font  (Glossary),  1819 
Foot'batfis,  dimensions,  1641 
Foot-candle,  1439,  1440 
Footings,  X29,  333  (see  also, 
tions) 
areas,  minimum,  153 
bending-streases,  173-178 
brick,  326,  227 
cantilever,  165-X69,  978 
columns,  design,  178-188 
loads  for  design,  151,  153.  160 
proportioning,  155-164 
moments,  x  76^-1 78 
reinforced-concrete,  974,  978-9^ 
compound,  178 
concentric  loads,  160 
concrete,  225,  226 
cost,  350 
design,  X79 

reinforced,  x86,  946,  9  78 
conditions  affecting,  x88 
continuous  beams,  979 
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otincs*  conaet,  149*  s^'T^v  «t3 

cracks  in,  224 

crushing,  faflurt  by,  17 1 

defined,  1S51 

depth  of,  minimua,  xS8 

design  of,  178,  978 

eccentric  loads,  x6» 

factor  of  salety,  tjt 

Cail«reoC  170-17* 

flexural  strength,  178^179 

StilUge,  «tod,  X66-169,  z8x~i8s 

homogeneous  slabs,  178 

inverted  arches,  s  17-1 28 

light  buildinsB,  12s 

toads,  z 48-163. 170.  a«3,  «6i-a67,  978 

offsets,  163-165,  179,  013-3x7 

paers   (see  FootioiBiW  colusms*  aod 
Piers,  footings) 

projection  and  dq>th,  ratio,  x8€^z8z 

reinf  orced-concrete,  186, 946, 978 
electrolysis   186 

retaiung^wiJls,  261,  s6a 

settlement,  153^160 

shear,  failure  by,  170-171 

size  and  form,  169 

slabs,  homogeaeoas,  178 

spreading,  faihxre  by,  171 

steel  beams  in,  i8z-'Z8s 

stone,  a33~324 

stresses,  169-178 

timber,  i86-z88 

unit    and    separate-layer   coapaied, 

x8o 
toot-pound,  290 
oot-pound-second  sfitem*  1347,  1350 

to  B.t.u.,  X33« 
brce,  forces,  134 

axial,  37 S 

center  of  gravity,  127,  391-096 

composition,  286,  io6s 

codipression,  XJ7,  X065,  io68r*xo73 

equilibrium,  X34,  389,  399,  3x3-3x5. 

319 
external,  125,  325,  zo66 
graphic  statics,  1065 
internal,  125,  325,  xo66 
lever,  principle  of,  163,  390-194 
line  of  action,  389 
masaitude,  388 
moments  of,  xs?,  389,  33s 
parallel,  390-391 
parallelogram  of,  389 
point  of  application,  3^9 
polygon  of,  s89>  X070 
reactions,  beams,  3  2  3-314 

trusses,  xo66 
MBOlatioa,  a88,  xo6s 
resultant,  288 
sense  of,  289 

signs  for.  1065,  xeSS/zoyt 
shear,  128 


99KB,  ttreai  (m»  Otnn) 

tension,  127,  1063,  xo68,  Z073 
torsion,  cs8 
triangle  of,  289 
Forge-sbop,  steel,  weight,  1309 
Flwked  loopk  tension-member,  387 
Fonns  for  concrete,  245,  963-965 
FossiUfonms  limestoiMO,  132 
Foondatioa    (see,   also,  Footiacs  and 
Foundation-beds),  129-320 
adjoining  excavations,  130,  X47 
adjoining  structures,  protecting,  2x4 
bridt,  236-337 
caisson,  3x0-214 
cantilevers  in,  x6s-x69,  978 
Cathadiml  of  St.  Joha  the  Divine,  251 
columns,  x6x-x63,  Z76-X78,  184,  974, 

978-982 
concrete,  325,  226,  349-25X 
early  examples,  djz 
pile,  x88,  296-000 
reinforced,  x86,  196,  978 
conditions  affecting,  xM 
definition,  129,  1852 
depth,  x88 

engine,  water-proof  ceaient,  17x6 
excavating   for,    200-2x4   (see,   also, 

Excavation) 
footings  (sec  Footii^(8) 
general  requiremeats,  129,  X30 
girderiag-methed,  166-169 
grillage,  steel,  X66-X69,  x8x-x85,  6y% 
light  buiMinga,  233-229 
Manhattan  Life  Insurance  Building, 

251 
mining  districts,  X47 
needling,  2x8-222 
piers,  139,  x88  200 
pile^  reinforced-concrete,  196-000 

sheet,  30X-209 

wooden,  X88-X96 
reinforced-conciete,  186,946^47,978 
screw-jacks,  2x5,  2x6,  231 
settlefaent,  equal,  X52-X60 
sewers,  X47 
shafts,  147 
shoring,  2x4-322 

spread,  166-169,  i8x-x88,  978,  980 
subways,  X48 
temporary  buildings,  187 
timber,  spread,  x  86-188 
trenches,  X47 
tunnels,  X48 

aaderpinning,  2x4,  2x8-223 
walls,  X29,  200,  228,  229,  979 
Washington  Moaumeat,  251 
waterproofing,  X709-X717 
wedges,  2x5 
weHs,  147 
Foundation-bods    fsee,  also, 
tions),  X29-X48,  223 
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Fottndation-beds,  boulders,  134,   136, 
141 

clay,  135,  138.  X39.  Ui,  i43 

dirt,  13s 

drill  tests,  145 

earthy  material,  133*133,  135,  138- 
Z40 

filled  ground,  140 

geological  considerations,  130 

glacial  deposits,  133 

hard-pan,  135,  141,  143 

gravel,  i34»  136,  141,  I43 

loads  on,  140-143,  148-160,  223 
tests,  143-Z46 

loam,  13  s,  143 

materials  composing,  130-140 

mould,  135 

mud,  13s,  139 

peat,  13s,  139 

pipe-borings,  144,  14s 

quicksand,  136,  137,  141,  143 

river-deposits,  133 

rock,  130-132,  134,  135,  X4r 

sand,  X34,  136-138,  141.  i43 

shale,  135 

silt,  13s,  139 

soil,  132,  135,  143 

testing,  1 41-146 

topographical  conditions,  146 

trenches  for  footings,  226 

varying  pressure  on,  163-164 
Poundry-cattincB,  379 
Foundry,  heating-temperature,  1256 

lighting,  1451 

steel,  weight,  1209 
Frames,  door,  898,  899 

window  (see  WindowtframM) 
Framing,  floors,  wooden,  721-731,  746- 

757 
mill-construction,    760-764,    766, 

769,  782-794 
saw-tooth  roof,  772-777 
steel  beams,  612-618 
cast-iron  columns,  445,  447,  457, 

4S8,  946 
fire-proof  floors,  86x-866 
Lally  columns,  474,  477 
steel  columns.  468,  470,  471,  473- 

478,  945,  946 
wooden  floors,  616,  752,  753,  755, 
786-792 
truss- jomts,  1149-1x70 
arched,  X024,  1039 

heel,  434-439.  ioo3.  1x50-1x70 

iron  ties,  X019 

lattice  truss,  xoo8,  X009 

pin-connected,  423-429 
wind-bracing,  1174-X176,  1183-1x93 
Freight  rates,  structural  steel,  X205 
PreiSht-<ttr8,  capacity,  X643 
Frendi  truss,  X026 
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Frictkuit  theorem,  952*»54 

water  in  pipes,  X388 
Fios^proofliiCv  pipes,  1400 
Frustum,  of  cone,  38,  61.  63-^4 

of  pyramid,  38,  61,  64 
Fuels,  X271-X273 

air  required,  1272 

boiler-rating  affected,  1277 

calorific  value,  is7Zf  is72,  1273 

combustion,  1272,  1273 

consumption,  heatxng-boilezs,  127! 

heating,  example,  13 17 
Fukmm,  grillage,  166 
Furnace,  combination,  1358 

pipes,  13 XX,  13 18,  13a 2,  i358-x|fc> 

ratings,  13x4 

registers,    131 7-1320,    1355 
X360 
air- velocity,  1367 
pressure  loss,  1338 
symbol,  X350 

stack,  X3X2,  1317,  X32S,  1358 

work,  specifications,  1357-1359 
Fumace-heatinCf  1310-1334 

fuels,  13x7 

specifications,  13  $7-13  59 

where  used,  X355 
Fumace-iron,  379 

Furnace-leaders,  X311,  13x7.  X324,i35i 
Furniture,  dimensions,  1637-1640 

metallic,  898-899 

weight,  X49 
Furring,  metal,  88x,  89a 

mill-construction,  759 

outside  walls,  891 
Fuses,  electric  work,  1461 
Fusion,  latent  heat,  1251 

Gable  (Glossary),  1820 

Gallon,  capacity,  1247 

Gatvanized  iron  and  sted,  1600,  x6o4 

Garage,  floor-load,  1198 

Gargoyle  (Glossary),  1821 

Gas,  acetylene,  1431 

coal,  X43X 
as  fuel,  X273 

gasoline,  1432 

illuminating,  x 43 1-1436 

illumination  by,  1448,  X450,  1451 

lamps,  X451 

natural,  X43X 

periect,  X256 

piping  for,  1432-1436,  144S 

velocities,  flue  and  chimney,  1364 

water,  X431 

weight,  X273 
Gas-pipe,  Feparat<»s,  steel  beam,  6u 
Gas-piping,  1432-X436 

symbols,  1445 
Gaskets,  pipe.*x389 
Gasoline,  1432 
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■.laC^Sf  American  Steel  and  Wire,  401, 

402,  1512 
"Srown    &   Sharpe,  401,  402,   1469, 

1473,  1509.  1510 

circular-mil,  wire,  1469,  1473 

corrugated  sheets,  15 10,  x6oo 

for  air-duct  metal,  1336 

piano  wire,  401 

pressure,  1248 

railroad-tracks,  1642, 1643 

Hocbling's  wire,  403,  1509 

sheet-thickness,  1509 

standard,  compared,  400,  402 

TJ.    S.  standard,  metal  sheets,  402, 
1600 

'Washburn  &  Moen,  wire,  402,  1509 
roarsy  size  and  speed,  1720   . 
r«nerator,  electric,  1463 

heat,  1309.  1316 
r«ological  data,  foundations,  130-140 
reometrical  problems,  66-90 
reometry  and  Mensuratioii,  36-65 
rarder,  girders  (see,  also.  Beams) 

bearing,  634.  687 

Bethlehem  girder  beams,  358,  594~ 

597 
box  (see  Box  prders) 
built-up,  wooden,  652-656 
continuous,  555,  671-680,  979-98o 
deflection,  663-670 

continuous  girders,  674-676 
double-beam,  564,  603,  604 

tables,  607-6x1 
fireproofing  for,   780-782,  827-842, 

849,  854-860 
framing  (see  under  Framing) 
grillage-foundations,  678 
I  beam,  603-6x1 
latticed,  1 008-1 0x0,  1089- 1091,  1181 

wind-bracing,  1176,  xi8i,  1182 
loads,  tables  of  safe,  5  74-59 1|  594> 

632,  605-6x1 
plate  (see  Plate  girders) 
reinforccd-concrete,  972-974 
riveted  (ses  Box  and  Plate  girders) 
steel  (sjs  Beams,  steel) 
wall-support,  612,  792 
wind-bracing,  xi?i 
wooden  (ie:  Beams,  wooden) 
[yirdering,  cantilever  foundations,  x66, 

169,  978 
Qlacial  deposits,  133 
&lass»  cast,  x6o6 
cost,  1 574-157 7 
crystal-sheet,  1575 
defects,  i57S 
diffusion  of  light,  1453-1456,  X577- 

1580 
figured  rolled,  1577 
grades,  1574 
leaded,  X573 


Glass,  mills  and  warehouses,  759,  763 
764.  769,  772 
saw-tooth  roof,  775 

mirrors,  1580 

Novus  sanitary,  z6o6 

plate,  X576 

prism,  821,  1454-1456,  1578-1580 

prism-plate,  1577 

polished-plate,  1576 

saw-tooth  roof,  775 

sheet,  1574 

sizes,  1574-1577 

skylights,  1580 

specific  gravity,  1504 

tile,  z6o6 

types  of,  for  lighting,  1454 

weight,  723,  1504,  1651 

window,  1577 

wire,  fire-protection,  759,  8ai 
Olossary,  1796-1850 
Gneiss,  132,  282 

sptecific  gravity  and  weight,  1504 
Gold,    specific     gravity    and    weight, 

1504 
Gordon's  formula,  cast-iron  and  steel 
columns,  460,  461,  481,  484,  485, 

487,  493-495,  496 
Government  buildings,  cost,  z6 28-1634 
Grain,  weight,  723 
Granite,  131 

angle  of  friction,  253 

beams,  coexficieats  for,  628 
fiber-strefM,  557 

compressive  strength,  266,  280,  281, 
282 
allowed,  267,  287 

curbing  for  sidewalks,  1539 

fire-resistance,  814 

modulus,  of  elasticity,  282 
of  rupture,  282 

shearing  strength,  282 

specific  gravity,  282,  1504 

tension,  282 

weight.  282,  1504 
Graphical  analysis,  arches,  31 1-321 

bending   moments  in   baams,  328- 
336,  564,  678,  690,  695,  698 

bending  moments,  in  pins,  426-429 

column  formulas,  496 

deflection  of  beams,  670 

domes,  1224 

forces,  252,  288-291 

friction,  252 

moment  of  inertia,  345 

piers  and  buttresses,  297-304     , 

retaining-walls,  257-259 

roof -trusses,  1065-1x37 

vaults,  1234-1243 
Graphite,  specific  gravity  and  weight, 

1S04 
Gtappier  cement,  736 


lEKiex 


6 


:l» 
iil 
if) 

ea) 

fiD 
g« 
git 

gt 

lo 

lo 

Dt 
II 
A 
P 
P 

q 

r 
r 

8 

s 

I 

I 

1 

1 


Fo 

To 


Ti 


Onf^ttrtLt  boilen.  1276,  2283 
Grate,  furnace,  1321 

surface,  heating-furnace,  13x5 
Gravel,  angle  of  repose,  256 

beds  of,  133,  134 

concrete  aggregate,  286,  908 
grradcd,  241 

cost,  249,  250 

dednition  of,  134,  136 

roofing.  871,  1027,  I595-IS99 

safe  loads  for  foundations,  X4t,  143 

specific  gravity,  1504 

weight,  256,  1504,  1537 
Gravity,  center  of  (see  Center  oi  grav- 
ity) 
Gravity,  spedilc,  substances,  r 500- 1508 
Gray-iron  castings,  379 

specific  gravity  and  weight,  1505 
Grease-traiw,  14x4 
Grecian  long  measures,  34 
Greek  letters,  symbols,  123 
Grillages,  beams,  spacing,  182 

cantilever  foundations,  x66 

column-footings,  1S4 

foundations,  166^169, 181-185 
continuous  girders,  678 

fulcrum,  foundations,  167 
Groin  (Glossary),  X821 
Groined  vaults,  1235-1240,  X822 
Groins,  X23S 
Grouting,  269 

brick  footings,  227 
Guastavino  tile-arch  system,  841,  842, 

Gum  wood,  unit  stresses,  651 

weight,  65  X 
Ouimite,  column-protection,  826 
Ounter*s  chain,  measure,  25 
Gusset-plates,  truss-joints,  xx6o,  tx6i 

wind-bracing,  X176,  XX79-XX86.X189, 
X190,  X193 
Gutters,  1590 

mill-building,  769 

proportioning,  1658 

saw-tooth  roof,  775 
Gutter*stripa,  tin,  cost,  1594 
Guys,  wire,  406 
Gypsinite,  partitions,  877-878 
Gypsum,  131 

floors,  856 

plaster,  818,  xsss 

slabs,  heat-transmission,  X259 

specific  gravity  and  weight,  1505 
Gjrpsum-block,  partitions,  876 
Gyration,  radius  of  (see  Radius  of  gjrra- 
tion) 

H  beams,  base  price,  X204 
loads,  table,  585 
properties,  356 
struts  and  columns,  ii74 


H  columns,  456. 4?i  <? 
Bethlehem,  475.  iVf.  tk-j 
table  of  loa<k  i^^.  o 
cast-iron.  456,  i<i  cv 
safe  loads,  4^ 
Hair  in  plaster,  isss 
Halls,  air-changtA,  i;k. 
Hammer-beam  txns,  tcr-i 

X089 
Hanuners,  piie-dritcn.  7«,^ 

sheeting'plank.  soi. 
Hangers,  beam  and  jck. : 

795 
box,  753.  790.  792,  r-1 
Duplex,  752-754.  7^ 

794 
Goetz.  7S».  79».  TS3 
I-beam.  752.  75J.  75S 
Ideal,  754.  786 
Lane,  756 

mill-construction,  7S:,  "H 
National.  755,  756 
stirrup.  750,  75^757 
strength,  756 
Van  Dom,  755,  j^-T^^"^ 
wall,  750-757.  783-755. :si 

Hard-pan,  135,  141.  i;! 

Hardwoods,  unit  stresses.  ^^ 

Hatchway,  elevators,  1660. : ' 
1676 

Haunch,  arch,  305,  312 
arches,  filling  of,  83a 

Havermeyer  bar,  9x7 

Hawser-rope,  404 

Hazlewood,  hardness,  iss^ 

Headers  (Glossary).  1S24 
brick  footings,  126 
floor-framing,  728,  747.  TlJ 

Heat,  X249-I2SX 
absolute,  1250 
British  thermal  unit,  33.  ^-^ 
concrete  fireproofing,  ef«t« 

827,  937.  955-959 
furnace-rating.  13x4 
horsc'power  equtvakst,  us* 
insulation.  X360.  1363,1438. 
intensity.  1249-1 2  51 
latent.  X25r-x352 
loss,  1256-X264 

furnace  heating,  r3t2 

walls,  X256 
measurement,  X247-XIS0 
mechanical  equivalent,  ust 
of  evaporation,  X251 
of  liquefaction,  1684 
of  the  liquid,  1251 
of  vaporisation,  1684 
sensible.  X25X 
specific,  X2SO.  X684 
steam,  x 249-1254 
thermometers,  xaso 
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i-al.  vapoi,  19 s A 

I     /  of,  I256'i364,  16S4 

I  ^.'dsion  by  walis»  1356-1264, 1684 

j   "*  »oi&»  location,  1357 

(^ 'hot- blast,  1329 

I  j^x  247-1365 
Ranges    pec  hour,  1360,   is6x, 

■  53.  1354 
B_;  system,  1324 

r  supply,  1319,  J333 
-^indirect  radiation,  1264 
1  ^  radiation,  1264,  Z283,  1296 
i      'stem,  1324-X341 

*'  :c  heating,     1310-1324,     1355 
'    ^>^$ee  Furnace  heatiiig) 
I       '"^y  systems,  1283,  1298 
■*-  r,  13x0-1324 
^•*'  ><l-cold  system,  1327 
'^  jist  system,  X324-X34X,  1346 
^'"mple,  1342-1347 
2--^  ater,  1302-X310 
•Viti;  .iators,  X264,  1270 
.te:-.;cification,  1359 
sx::  easury  Department,  X303,  1308 
Ic;.:  S.  Gov't  Buildings,  X303-X3o6, 
ini  .  1308 

Mp,  lere  used,  1355 
SdM:>s  and  branches,  1284, 1289, 1291, 

itimr  >350 
jr'  iting-surface,    walls    and    win- 

0^3-  dows,  1256,  X258.  1259 

,^>f.£:  iters  (see  Radiatofft) 

^liters  (sec  Registers) 

^  iences,  air-changes,  Z353 

^..ot-air,  1310-X324,  X357 

g,  vot-water,  1302-13x0,  1359 

j  „-,  smperatures,  1256 

.^^.'olcs,  1354 

.,^^team,  1361-X363 

r,    uirements,   buildings,   1 256-1264. 

r,^    X3S4 

^^,.r-tooth  roofs,  776 

.'.  ^ifications  (see  under  each  system) 

■^'.,  am,  X264,  X283-X302 

^  'Bis^<>P  ~  Babcock  •  Becker  system, 

1387 

direct,  X  383- X 291 

'  gravity  system,  1283,  1298 
';  hot-blast,  1324 
'-J^  low-pressure  system,  129X-X298 
f'  one-pipe  gravity  system,  X883-X285 
I    Paul  system,  1286 
'    pipes  (see  Pipes) 

'   special  gravity  system,  1286 

specification,  1361-X363 
^^ '  two-pipe  gravity  system,  1286 

where  used.  1355 
'  (tructures,  large,  1324 
.  ormboli  used,  1350 
^  tanks.  X400 

vacuum  system,  1287-X291 


Heating,  water,  by  steaiBr<oils,  1430 

workshops,  769,  776 
Hemlock,  beams,  coefficients  for,  628 
deflection,  664 
flexural  strength,  557,  648 

columns,  safe  loads,  452 

compression,  449.  454f  647,  648,  650 

Clashing  stiength,  across  grain,  454, 
648 

crushing  strength,  with  grain,  449, 648 

modulus  of  elasticity,  647 

safe  loads,  638 

shearing-stresses,  412,  647.  648,  650 

specific  gravity,  X505 

tensile  strength,  376,  647,  648,  650 

weight.  650,  X505*  X558 
Hemp  rope,  406-408 
Hennebique  system*  920,  940 
Heptagon,  37 

Herculean  £loor-4ircht  838-839 
Herringbone  metal  Jatli,  884,  885 
Hexagon,  37 
Hickory,  hardness,  1558 

specific  gravity,  1505 

unit  stress,  65  x 

weight,  65  X,  1505 
Hides,  weight,  723 
Hip-rafters,  lengths  and  bevels^  90 
Hoists,  1723 

rope  for,  404,  407 
Hollow  tile  (see  Terrm-cotla) 
Homes,    heating    and    ventilating   re- 
quirements, 1354 
HmeyweU  beat^enefaton.  1309,  13x0 
Hook-Hqilice»  roof-trtuses,  1x55 
Hooks,  for  chains,  1723-1725 
Hoops,  water-tanks,  1398 
Hornblende,  X31 

specific  gravity  and  weight,  X505 
Horse-power,  1248,  1250,  1460,  1720- 
1722 

boilers,  1274 

chimney,  X368 

electrical,  1460 

heat-equivalent,  1251 

machinery,  1720 

pumps,  1397 

raising  water,  X397 

transmitted,  by  belting,  1721 
by  shafting,  1732 

windmills,  1394 
Horse-stalls,  dimensions,  1643 
Hose,  768 

Hose-otciiages,  dimensions,  1641 
Hose-reete,  905 

Hospitals,  heating-temperature,  1256 
and      ventilating      reqniremcats, 

I3S4-I357 
non-fire-proof,  height,  8x3 
ventilation,  1349,  13$^,  I353i  X354- 

1357 
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Bot-air  encines,  i393 
Hot-air  heating,  xj  10-13  34 

fuels,  13x7 
Hot-and-cold  system,  heating,  1327 
Hot-hlast  heating,  13  24-1 341 

example,  1342-1347  , 

radiation,  1324 
Hot-water  heating,  direct,  X302-13X0 

radiators,  X264 

specification,  1359 

U.  S.  Gov't  Buildings,  X303,  X306, 
X308 

where  used,  X35S 
Hotels,  fire-hose  in,  905 

floor-loads,  live,  7x9,  1x98 

flooring,  fire-proof,  892-893 

furniture,  weicht  of,  149 

non-fire-proof,  height,  813 

steel,  weight,  x2o8 

ventilation,  X353 
House-tanka,  size,  X415 
Howe  truss,  999-iooS 

design  of,  IX42-X143 

joint-details,  XISX-IX56 

stresses  by  computation,  1063,  X065 
by  graphics,  1075-X077,  1102-1x05 

types,  X000-X008 

weight,  XOS7 
Humidifying-apparatua,  hot-blast  heat- 
ing, 1324 
Humidity,  temperature-relation,  1352 
Hydrants,  mills,  759 
Hydrated  lime,  155X 
Hydraulic  jacks,  shoring,  215,  2x6.  221 
Hydraulic  lime,  235  (see  Cements) 
Hydraulic  limestone,  132 
Hydraulic  ram,  X390 
Hydraulics,  X381-1406 
Hyperbola,  38 

problems  on,  79-80 
Hyperboloid  of  revolution,  volume,  65 
Hy-rib,     concrete-reinforcement,     853, 
886 

I  beams,  anchors  for,  6x9 

bending   moments,   maximum,   574- 

575 
Bethlehem,  592 

loads,  safe,  592,  593,  598-602 

properties,  357 
buckUng  of  web,  x8i-x8s,  565,  567- 
569,  6x2 

table,  574,  575^ 
Carnegie,  dimensions,  352-353 

properties,  354,  355 

safe  loads,  5 7 7-58 x 
concrete,  854 
connections,  anchors,  6x9 

floor-framing,  6x2-6x9 

limiting  values,  61S 

separators.  613-614,  X202 


ik- 


I  beams,  connectioDs,  standard,  6ii 
with  Bethlehem  H  coluraos.  r,j 
with  built-up  column5,  475<  <;* 
with  cast-iron  cidumns,  446, 4(1 

^457.458  i 

with  plate  and  box  girders,  iis 
continuous,  677-680 
cost,  base  price,  X204 
crippling  oi  web  (same  as  bcciisL' 
deflection,  lateral,  566,  670 

vertical,  566.  577-s8i.  6*3,669 
dimensions,  35a,  353.  565  | 

double-beam    girders,    loads,   5^J 
603,  604,  607-6x1  ] 

economy,  relative,  565 
end-bearing,  minimum,  574-575 
end-reactions,  569,  574.  575 
fireproofing  *  (see  Beaims,  stcd.  i» 

proofing) 
framing,  between  columns.  €14 

to  wooden  beams  aad  j<HSts,  64 

752,  753.  755.  786-791 
girders,  603-6x1 

double,  safe  loads.  607-611 

single,  safe  loads,  605-606 

grillage   foundations,    x 67-169, 

X85,  678-680 
light  versus  heavy,  565 
loads,  Bethlehem,  table,  594-^> 
Carnegie,  table,  577-s8x 
examples  solved,  570-573 
moment  of  inertia,  336 
needling,  2x8-221 
oblique  loading,  573 
properties,  3Sa-3S5.  357.  35* 
radius  of  gyration,  336 
separators  for,  6x2-614,  1202 
shearing,  181-X85,  567,  56S.  5*9 

table,  574-575 
single-beam  girders,  loads.  605,  6o< 
span-lengths,  limiting,  618 
standard,  dimensions.  352-353 
properties,  Bethlehem,  357*35^ 
properties,  Carnegie,  35*-3S3 
supplementary.  352 
tie-rods  for.  6x9,  865 
web-resistance,  x8x-xS5,  567-56? 
table,  574-575 
Ice,  melting-temperature,  X25X 

specific  gravity  and  weight,  X505 
Ice-maldng,  1693-1695 
Idaho,  registration  law,  X778 
Igneous  rocks,  X31 
Illinois,  registration  law,  1778 
IHuminants,  hygiene  of,  1452 

selection,  1452 
niumfaiating  gas,   lighting,  X4st-i4d^ 

1451 
Illumination  (see  Ligiitiag  and  Btf^ 

nation) 
Incandescent  lamps,  1462,  1471.  ^ 
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mndMcaBi  Ughting  (see  Liglttiiig) 

ich,  equivalents,  35,  a6 

idk-potind,  390 

filined  planet  frictioD,  253 

cntstatioa,  boilers,  1439 

artiAy   moment  of    (see  Moment  of 

inertift) 
fluence  lines,  x  134-1 137 
ftitntions,  educational,  aTchitectnral, 

1779 
filiating  quilts,  1565 
■Illation,  1683,  1690 
beat,  i430f  1566 
mineral  wool,  z6zo 
pipe,  1430 

Bolators*  electric,  1458 
surance  during  constructi<m,  2756 
terphoneSy  1707 
tnuloa,  arch,  305 
rerse  squares,  law.  light,  Z440 
vohition,  arithmetic,  3 
otic  Order,  1699-1703 
Die  Volute,  1702 
m,  cast  (see  Cast  iron) 
galvanized,  1604 
properties,  375 
wire,  400 

m,  wrougbt  (see  Wroui^t  iron) 
isceles  triangle,  293 

ek,  jacks,  hydraulic,  316,  221 

ck-rafters,  lengths  and  bevels,  90 

ck-screws,  shoring,  2x5,  3x6,  221 

cket,  furnace,  X3X0,  13x1 

wish  long  measures,  34 

bnson    floor-constructicm,    837-  840, 

&4X 
int,  rupture,  dome,  22x3 
iats  (see  under  each  subject) 
ist  (Glossary),  1826 
ists,  floor  (see  Ploor-jolsts) 
ceiling  (see  Ceiling-loists) 
ist-hangers  (see  Hangers) 
ale,  X250 
vy,  competitions,  X737>  ^743 

ilm  bar,  922 
system,  940 
ilamein  iron,  894-895 
sene's  cement  plasters,  1556 
>l8ey  wanu'-air  generator,  1316 
uiney  flushometer,  X420 
mt's  chimney-formula,  X366 
sy  expanded-metsl  lath,  884 
Byed  beams,  653-655 
Bys,  compound  beams,  654 
Bystone  arches,  305>  308,  3x0  (Glos- 
sary), 1827 

Sankine's  formila,  308 

Trautwine's  formula,  309 
Bystone  hair  insulator,  1566 


Eilowntti,  defined,  1460 
King-post  truss  (see  Roof-tmst) 
King-rod  truss  (see  Roof*tniss) 
Kitchen  ranges,  flues,  1383 
Kitchen-sinks,  dimensions,  1641 
Kneo-braces,  tni88es,'xo35-io37  xii6- 
XX18,  1x64,  2x68 
wind-bracing,  2279,  1282,  2x85-1x90 
Knife-switch,  2477,  2479 
Kno-bnm  lath,  884 
Kno-fur  lath,  885 

Labor,  cost,  2564 
Laboratories,  lighting  for,  2452 
Ladng-bars,  385 

Ladder-wagons,  dimensions,  2649 
La  Farge  cement,  336,  338 
Lag-screws,  2535 

roof-trusses,  2x57 
Laitance,  344 
Lally  coluxnns,  467,  474,  477 

loads,  488,  5x6 
Tramps,  arc,  2463,  2463 

arrangement,  2465,  2466 

bowl-size,  2443 

brilliancy,  2439 

gas,  2452 

height,  2444 

incandescent,  2462,  2472,  2483 

kinetic  burner,  2452 

location,  2443,  2443,  2446 

number,  2446,  2449,  2475 

sizes,  2443,  1444 

tungsten,  2444,  X447 

WeUbach,  2444,  2452 
Land,  measure,  37 
Lard-oil,  weight,  733 
Lath,  meul  (see  Metal  hitfa) 

wire  (see  Metal  lath) 

wooden,  2554 
Teething,  2554 

cost,  2557 
Lattic»-bars,  columns,  477^479 

specifications,  2203 
Lattice  columns,  477-479 
Lattice  girders,  2008-2020,  2089-2092 

wind-bracing,  2x76,  2281,  2x82 
Lattice  trusses,  2008-2020,  2089-2092 
Laundry-tubs,  dimensions,  2642 
Lava,  232 

crushing  strength,  280 
Lavatories,  dimensions,  2642 
Laws,  building  (see  BuUding  laws) 

registration,  architects,  2768-2779 

ventilation,  2354 
Lead,  anchor-bolts,  240 

castings,  shrinkage,  2532 

pipe,  2408,  24x3,  24x6-2428 

sheet,  2428,  2522 

specific  gravity,  2505 

weight,  2505,  Z52Z 
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Leaders,  furnace,  131 1,   13x7,  1324, 

X556 
Leatfier*  weisbt,  723 
Length,  unit  of,  1247 
Lever»  principtk  of,  165,  ago,  093,  394 
Liliraries,  book^staicks,  1696 

ventilation,  X353 
Licenee  law,  architects,  1768-1779 
Liens,  1758 
Light,  brilliancy,  1439 

candIe-p>ower,  1439,  X440»  X46a 

diffusion,  1453-1456,  1577-1580 

heat,  emission,  126X 

intensity,  1439 

nature  of,  1438 

refraction,  1 455-1456,  x577'-z58o 

sources,  1438 
colors,  X438 
Lighting  and  iUiuniaadon,  1437-X436 

accounting-offices,  X446 

auditoriums,  1451 

bibliography,  1456 

ceiling-lights,  X446 

4:eiling-outlets,  X449 

class-rooms,  1451 

coloring  of  ceilings,  1442 

•design  of  system,  1444,  1446 

diffusion  by  glass,   X453-X4S6,  1577- 
X580 

<]irect,  1441,  1443,  Z446-X448 

<lraf  ting-rooms,  1451 

electric-lighting  systems,  1464-1469 
cost,  1482 
design,  1446-1448 

electric  power  required,  1441 

factories,  969 

feed-wires,  1478 

fixtures,  care  of,  1443 

in  direct  systems,  X446-1448 

in  semiindirect  systems,  Z448-X450 

foundries,  1451 

gas,  1448,  1450,  145 1 

amount  of  gas  required,  1441 
calculations,  X446 
pipe,  sizes,  X45^^i436 
piptng,  symbols,  1445 

:general  principles,  X437 

heights  of  lamps,  1444 

Holophane  reAector,  X447 

hygiene  of,  145  a 

indirect,  144Z,  1443»  144^^x450 

intensity,  1 439*  X44'0 

laboratories,  X45x 

law  of  inverse  sQwares,  1440 

lecture -halls,  145X 

machine-shops*  14SX 

mill-buildings,  969 

•outlets,  1442,  1445.  X446 

piping  for  gas,  1431-1436,  144s 

reflectors,  1447,  X448 

roof -lights,  775 


Ligbtiiic 

roofs,  77a.  775 
school-rooms,  1451 
semiindirect,  1442,  1448-1450 
single-phase  system,  1464 
snitches,  1478,  X47gt,  1481 
systems,  1464-1469 
three-phase  system,  1464-1469 
three-ime  system,  1464-X469 
two-wire  system,  1464 
windows,  775,  X453-I4$6 
wiring,  cost,  1482 
workshops,  769,  X45X 
Lightning-conductacc,  1704-1707 
Lignite,  combustible,  X37x.  X272 
Lignttm-vitc,    ukirauate   luut 

651 

weight,  651 
Lime,  1548-1553 

Alca,  15^ 

chemical  properties,  1550 

classification,  1549 

data,  1553 

hydrated,  x$5k 

hydraulic,  235 

inspection,  X550,  isst 

nature,  X548 

properties,  1548,  xsso,  iS5a 

sampling,  1549 

specific  gravity,  1506 

specifications,  X549-XSSZ 

tests,  XS49 

weight,  723,  1506 
Limestone,  132 

beams,  coefficients  for,  6sS 

calcite,  X3X 

calcium,  1549 

compressive  strength,  •66,  tSo,  ^ 
283,  a87 

constituents,  1548 

dolomitic,  XjX,  1549 

fiber-streaaes,  557 

fire-resistance,  8x4 

modulus  of  elasticity,  28a 
of  mptmre,  282 

shearing  strength,  282 

specific  gravity  and  weight,  tSi,  134 
X506 

tensile  strength,  a8a 
Line  of  fliaolnre,  arches,  3x6 
Linear  xneaonres,  as 

metric,  31 

Gunter^s  chain,  25 

ropes  and  cabUa»  25 
Lines,  center  of  gravity  ef,  >9' 

geometrical  probksna,  66 
Tisiiwi  of  ireMore*  arches,  3xr-32i 

buttresses,  297-304 
Links,  strength  eC,  chains,  4x0 
Linnned  ail,  X568,  1569 

specific  gravity  mmA  migkt,  xj^S 
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Etete,  SOS 

:jist-iTon,  620-637 
cross-aectioii,  Ideal,  6to 
deflection,  628,  664 

formulas,  6 20-6  2  x 

safe  load,  tables,  624-627 
'cinforced-concretc,  975 
itone,  1539 
tuid  measure,  27 
metric,  32 

|uef action,  heat  of,  1684 
re  loads  (see  member  loaded) 
definition,  126,  149 
Adp   loads    (see,   also,  each    member 

loaded:  also  Weight) 
cast-iron  columns,  46X 

footings,  162-165 
eccentric,  columns,  489,  946 

footings,  162-165 

steel  column,  485-489 

steel-pipe  column,  472 

wooden  column,  453 
oblique,  steel  beams,  573i  593 
on  columns,   method  of  computing, 

148-152,  4»9.  490 
on    floors,    fire-proof,    833,  837-844, 
850-852,  856,  863-865 
mill-buildings,  802-808 
reinforced  concrete,  936,  948.  967, 

971,  984-987 
steel,  1 197 

various  buildings,  149 
wooden,  7^7*749 
on  foundation -beds,  141-X43,  148-X60 
on  masonry,  265-267,  287,  441,  442, 

X200 

on  roofs,    740-741 »    745,    746,    X048- 

1057,  "96 
on    reinforced-concrete   slabs,   984- 

987 
safe-load,  definition,  X25 
snow-loads,  1049,  105  2-1057 
tests,  fire-proof  floors,  827,  866,  956- 

958,  967 
foundation-beds,  141-146 
wind-loads,     148-160,     1049,     X052- 

X057,  1171-1173,  1198 
ock-woven  fabric,  849 
ocomotiyes,  dimensions,  1642 
octtst,  safe  fiber-stress,   flexure,   557, 

648 
specific  gravity,  1506 
unit  stresses,  651 
v;eight,  651,  1506 
odging-house,  defined,  1853 
filt-lniildings,  chimneys,  1368 
>ofts,  cost,  1613 

live  loads  on  floors,  149,  1x97 
4»gwood,  extract  of,  723 
/Oop-eyes,  386 
Aop-rods,  386,  396 


Looifliaiia,  regittiBtton  law,  177S 
Looisrille  code,  loads  on  foundation- 
beds,  143 

masonry  loads,  287 
Lumber  (see,  also.  Timber  and  differ- 
ent woods) 

asbestos,  8x9 

data,  1558-X564 

framing,  X559 

hardness,  relative,  X558 

measurement,  X559-X563 

metal,  858 

specific  gravity,  1501-X508 

weight,  150X-X508,  X558 
Lnten  truss,  923 

McGiU  UniverBity,  tests  on  brick  piers, 

275 
Machine-sliop,  design  and  cost,  802-803 

saw-tooth  roofs,  774 

steel,  weight,  1209 
Mmchxaery,  vibration  of,  763 
Machines,  dynamo-electric,  1463 

refrigerating,  1685-1690 
Mackolite,  partition-blocks,  877 
Mahogany,  unit  stresses,  651 

specific  gravity^  X506 

weight,  651,  1506 
Mail-chutes,  167  7- 1679 
Mains,  steam,  1284,  1289,  1291,  1350 
Manhattsn   Life    Insursace   Building, 

foundations,  25X 
Manila  rope,  406-408 
Maxisard  roof,  tiles  for,  870 
Mantel-tile,  X605 
Maple,  deflection  in  beams,  664 

hardness,  X558 

unit  stresses,  651 

weight,  651,  1558 
Marble,  beams,  coefficients  for,  628 

compression,  266,  282 

crushing  strength,  380,  382 

fiber-stresses,  flexure,  557 

fire-resistance,  814 

loads,  safe,  masonry,  266 

shearing  strength,  382 

specific  gravity,  282,  X506 

strength,  267 

tension,  282 

tile,  1605 

weight,  382,  1506 
Marbleithic  tile,  1606,  1607 
Masonry,  1538,  1539  (see,  slso,  Bricfc- 
work.  Stonework,  Walls,  etc.) 

arches  (see  Arches) 

bearing  pressure,  allowable,  44X-444 

bed  (Glossary),  1802 

bond  (Glossary),  1803 

bond-stones,  effect  of,  269 

building  codes,  267,  287 

cement  mortar  required,  339,  347 
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MMonry.  cUsiification,  1538 
coefficients  of  friction,  ass 
compressive  strength,  a65,  441 
cost,  1538,  XS39 

crushing  strength  of  stone,  279-182 
footings,  178,  223-225 

tensional  strength,  Z78-X79 
grouting,  269 
measurement,  1538 
mortar  for,  229-239,  247 
piers,  270 
pressures    allowed,    265,    267,    287, 

44Z,  Z200 

safe   working  loads,   265*267,   287, 

441 

strength,  265-282,  441,  1200 

stresses  in,  265 

thickness  of  walls,  229-234 

walls,  228-234 

weight,  1506 
MaBS-concrete,  strength,  267 
Mathematical  signs  and  characters,  3 
Mathematics,  practical,  3-5 

McGill  University,  tests  on   brick 
piers,  275 
Measure,  measures,  25-35 

ancient,  34 

circular  and  angular,  30 

conversion  tables,  33-35 

cubic,  27 
metric,  31 

dry,  27 
metric,  32 

Egyptian  long,  34 

fluid,  28 

Grecian  long,  34 

Jewish  long,  34 

land,  27 

linear,  metric,  31 

liquid,  37 
metric,  32 

metric  system,  30-33 

miscellaneous,  26,  28,  34 

nautical,  26 

Roman  long  and  weight,  34 

Scripture  and  ancient,  34 

surface,  27,  31 

time,  30 

value,  29 

volume,  27,  31 

weight,  28-29 
metric,  32 
Mechanical  refrigeration,  1684-1695 
Mechanics,  applied,  definition,  124 
Mechanics  of  materials,  terms  used,  124 
Medals,  architectural,  1779-1788 
Melan  arch,  844 
Mensuration,  38-65 

definition,  38 

solids,  6T-65 

surfaces,  38-61 


MwnhsniHsff,  weights,  7ax-7S3 
Merchant-har  iron,  577  I 

Metal,  asbestos-protected,  8x9 

data,  1509 

doors,  894-897.  90X,  902 

finish,  896 

sheet,  standard  gauges.  402  I 

Metal  frames,  fire-proof  bui1ding%  S^i 
Metal  foxxinc,  881,  89s 
Metal  lath,  882-892,  9x9 

column-protection,  822 

expanded,  884 

fireprooftng,  781 

partitions,  878,  882,  888,  890 

sheet,  402,  886,  15x0,  XS99 

woven-wire,  887 
Metal  lumber,  858 
Metal-rib  plaster-board,  888 
Metal  sashes,  fire-proof  baildiafn,  S^ 
Metallic  furniture  and  fitttngs,  S9»-S» 
Metamorpluc  rocks,  131, 132 
Metric  system,  30—3  a 

conversion  tables,  32-35 
Mica,  131 

specific  gravity  and  weight,  1506 
Mica-schist,  132 
Middle  third,  theorem  cf ,  254 

arches,  3x1-3x5 

buttresses,  301,  304 

domes,  X225.  1227 

footings,  X64 

retaining- walls,  259 

vaulu,  1233,  1234,  1240 
MiU-buUdinfS    (see.    also,    WO^em- 
struction),  brick.  SoS-8z9 

cost,  808-8x0.   Z206 

depreciation,  X634 

reinforced  concrete,  968-997 

steel,  cost,  x2o6 

weight,  X2o8,  X209,  xzio 

wooden,  758-8ZO 
MiIl-construction»         reinforce4-06e> 
Crete,  948,  968-997 

columns,  969,  976,  9/8,  9S0 
loads,  distribution,  976 

cost,  777.  z6z3,  x6x8 

floors,  968,  97  X.  993 
beams,  secondary,  971 
formulas  for  design.  985-997 
girderless.  968,  993*997 

footings,  978,  982 

girders,  974,  975 

lighting,  969 

lintels,  975 

stairs,  899-^01,  982.  983 
Mill-constructioii,  slow-buniag,  75}- 
8x0 

belts,  shafts,  765 

boiler-plant,  765.  780 

ccdumna,  cost,' 8x0 

fireproofing,  780,  781,  822-8:6 
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ill-constructioii,    tlow-boniiiig    col- 
umns, framing,  769,  782-800 
conductors,  775 
cornices,  764,  769 
cost,  758,  777,  802-8x0,  1613,  1618 
doors,  80 z 
dry-rot,  759 

elcvator-towere,  764,  768 
&re-protcction,  768,  777,  779,  801, 

903 -90s 
Eire-retard  ants,  759 
&re-sh utters,  759,  778,  8ox,  901,  90a 
Sre-stops,  759 

^reproofing' metal  members,  780-782 
Boars,  760-764,  766 

cost,  810 

estimating,  1563 

framing  (see  Framisc,  floors) 

old,  strength,  749 

pUtnk,  730  735 

strength  and  stilTness,  717-757 

surfacing,  769 

warehouses,  777 
'fames  and  shutters,  764 
iraming,  steel,  786,  788 
general  description,  758-760 
5irder-supports,  792 
flass,  759.  763,  764,  769,  77a,  775 
{Utters,  769,  775 
iiangers,  782,  785,  789 
seating.  769,  776 
leight.  of  buildings,  777-778,  8x3 

of  stories,  765,  810 
bist -supports,  79^-794 
>ainting,  7S9.  763 
Mirtitians,  759.  801 
>luinbing-fixturcs,  810 
K>st  and  girder-connections,  795-800 
>ost-caps  and  bases,  782-788,  791, 

795-800 
mmps,  759 

oofing- materials,  760,  800-80X 
oofs,  760 

cost,  810 

example,  769 

materials  (see  Rooflng,  materials) 

timber  framing,  765 

walls,  768 
aw-tooth,  772-777 
cuppers,  767, 
hafting,  76s 
kylights,  76s 

prinklers,  768,  777,  779.  8ox.  904 
tairways,  759.  8io 

tower,  764,  768,  778,  779 
team-pipes,  764 
tirrups,    wrought-iron,    750.    754- 

757.  •'87-794 
torehouses,  765-788 
tructural   details,    782-792.    "94- 

Z212 


Mill-constnictioii,   slow-btming    tim- 
bers,   759.    762,  763 

towers,  764.  768,  773.  779 

trusses,  772 

ventilation,  769,  775,  776 
of  timbers,  763 

walls,  760,  765,  768,  778,  809 

warehouses,  777-782 

weave-shed,  773 

windows,  763,  769,  772,  775,  778 
fire-guards,  759 
frames,  764 
Milwaukee  building  code,  formula  for 

steel  columns,  481 
Mineral  wool,  1566,  1609,  z6io 
Mlxmoapolis  building  code,  formula  for 
steel  columns,  481 

loads  on  foundation-beds,  143 

office-buildings,  assumed  loads,  151 

thickness  of  walls,  23X-232 
Mineral  oil,  fuel,  1272 
Minerals,  forming  rock,  130 
Mirrors,  1580 
Modulus  of  elasticity,  126.  626,  66a 

concrete,  912,  924.  934.  935,  956 

definition,  126 

notation,  symbols,  X22 

steel,  381,  91a.  934 

stone,  282-283 

various  materials,  647,  664 
Modulus  of  rupture,  126 

concrete,  mortar,  and  stone,  282-283 

woods,  650-651 
Modulus,  section  (see  SectioB-modnhis) 
Molding  (Glossary),  1830 
Moldings,  classical,  1697,  1698 

plaster,  1556 
Molds,  concrete,  962-966 
Moment  of  force,  definitions,  127,  289, 

322 
Moments,  bending   (see  Bending  mo-> 
ments) 

of  inertia  (see  Moments  of  inertia) 

of  resistance,  333,  S5fi 

principle  of,  289-291,  294,  301,  322- 

324 
Moments  of  inertia,  areas,  332-352 

compound  sections,  339-345 

definitions,  332-333 

determined  graphically,  345 

notation,  122 

rectangles,  tables,  346-347 

structural  shapes,  354-359.  362-369 

transferring,  338-345 
Moments    of    resistance,    flexure-for- 
mula, 333.  556 
Maney,  United  States,  29 
Montana  registration  law,  1778 
Mortar,  adhesive  strength,  240 

aggregates,  241 

a  lea  lime.  1553 
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Mortar,  brickwork,  227,  971 

cement,  235-240 

cement-gun,  &36 

colors,  1547 

durability,  8x3 

fire-resistance,  818 

floor-tiles,  829 

for  plastering,  239,  I5S4"I558 

freezing,  effeci  of,  239 

grouting,  227,  269 

hair  in,  1555 

hot  water  in,  239 

hydrated  lime,  1551 

lime,  compressive  strength,  282 

mixing,  cement,  239 

natural-cement,  235 

compressive  strength,  283 

Portland-cement,  238 
compressive  strength,  283 

quantity  required,  239,  247 

relative     compressive     and     tensile 
strength,  2S3 

salt  in,  239 

specific  gravity,  1506 

stone  waJl»»  229,  230 

water  required,  238 

weight,  1506 
Mortar-colors,  1547 
Mortuary,  refrigerator,  1683 
Mosaics  (see,  also.  Tile) 

Ceramic,  1605,  1607 

Florentine,  1605 

Roman,  1605,  1607 

ternuEzc,  1607 
Motion,  definition,  124 

rate,  1247 
Motor,  1463 

for  elevator,  1676,  1677 

for  fan-drive,  1347 

heat-emission,  1261 
Mod,  X39 

MuUion  and  munion  (Glossary),  1831 
Mushroom  vysttm,  reinforced  concrete, 
9SO,  993-997 

Nails,  1 5 29-1 534 

National  Board  of  Fire  Underwriters 
code,  masonry -load,  287 

concrete,  958 
National  Electric  code,  1480,  1481 
Natural  cement,  235 

concrete,  235,  267,  284 

mortar,  235 

compressive  strength,  283 

production,  235 

strength,  235,  284 

weight,  235 

where  used,  235 
Natural  gas,  1431 
Nautical  measures,  26 
Needling,  218-222 


Neutral  aiis,   beam-sectioBs. 

555.  621 
New  Jersey  registratioa  law,  177? 
New  Orleans  building  code,  iott  • 

foundation-bed,  142 
thickness  of  walls,  231 
New  York  City  buildinc  code,  tn^ 

307 
bearing  pressure  on  masonry,  u^.m 
column -formula,  cast-iron,  460 
compression,  steel  mem  ben,  J9S 
formula  for  steel  colamns,  4SX.  491 

495 
loads  on  foundation -beds.  143 
masonry -loads,  267 
office-buildings,  assumf^l  Iob(^.  x:: 
pipe-column  formula,  469,  474,  4ft 

498 

rivets,  hearing  and  shear.  419 

skeleton  construction.  234.  ixrx 

terra-cotta.  276 

thickness  of  walls,  230.  231-257 

wind  bracing.  1x71 
New  York  State,  registration  lav.  179- 

1776,  X778 
Nickel  tubing,  14 15 
Nicking  test,  wrought  iro».  378 
NonagMi,  57 

North  Carolina,  registration  law.  xtH 
North  Dakota,  registration  law.  177$ 
Novus  sanitary  glass,  1606 
Norway  pine,  beams,  loads.  64X 
deflection,  664 
fiber-stress,  safe,  557 

columns,  safe  loads.  450,  452 

crushing-load,  449 

crushing  strength,  across  grain,  454 

specific  gravity.  1507 

unit  stresses,  376.  647.  650 

weight,  650,  X507 
Notation  mathematical.  122, 123 
Nozzles,  roof,  Sox 
Nuts,  X52S 

standard  dimensions.  X5i€ 

weight,  X527 

Oak,  beams,  coefficients  for,  628 

deflection,  664 

distributed  loads,  safe,  645 

fiber-stresses,  557     , 
columns,  safe  loads,  450,  451 
crushing-load,  with  the  grain.  <49 
crushing  strength,  across  the  gnk 

454 

hardness.  1558 

shearing-stresses.  4x2 

specific  gravity,  1506 

unit  stresses.  376,  412.  647.  M-  ^ 

weight,  6s X.  1506,  xssS 
Obsidian,  xjr 
Octagon  37 
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aLee-builajacs*  chimney,  1368 

r«>st,  1 6 13 

&  re-hose  in,  905 

Boor-joists,  738,  743 

Roor -loads,  149,  151,  719,  7201  "98 

rurniture,  weight,  149 

I  beams,  sizes,  864 

steel,  weight,  1207,  xaoS 

Aces,  air-change,  1353 

fsets,  footings,  163-165,  179,  223-227 

isn,  defined,  1458 

U  mineral,  as  fuel,  T272 

>eii-hearth,  steel,  380 

lera-houBCS,  dimensions,  1657 

chairs,  1653 

seating  capacity,  1654-1656 

iders,  classical,  1698-1704 

:«con  Pine  (see  Douglas  fir) 

rganizations,  architectural,  1788-1795 

Etawa  sand,  235,  241,  908 

rerdraft,  in  furnace,  1310 

vBer,  competitions,  X7S9i  X740f  ^746 

wmmr's  right,  in  contract,  1760 

lint.  Painting,  1568- 1573 
cement  and  concrete,  1573 

driers,  1569 
enamel,  1570 
fire-proof,  821-822,  894 

inside,  1570 

mill -construction,  759 

old  work,  1 571 

outside,  1569 

paints,  1568-1570 

pignxents,  1568 

plastered  walls,  1571 

priming,  1569 

repainting,  1571 

steelwork,  1203,  1206,  1572 

timbers,  763 

tin  roofs,  1570,  15894  i59o 

varnish,  1568,  1570,  1573 

vehicle,  1568 

*antry-sittk8,  dimensions,  1641 
teper,  building,  1564-1568 

weight,  722 
^aper-mUls,  cost,  805 

steel,  weight,  1210 
*uabola,  38 

center  of  gravity,  293 

problems,  79 
Paraboloid  of  revokitioa,  volume,  65 
^araHelogram,  37>  39 

of  forces,  289 
^rallels,  36 
Parapets  on  mills,  768 

architecture,  1833 
E^rchment,  water-proof  sheathing,  1568 
Parking,  defined,  1853 
E^artitions,  brick.  873 
concrete*  876,  880 


Partitions,  defined,  1853 
double,  880,  890 
fire-proof,  873-892 
fire  test,  873.  889 
gypsum-block,  876 
heating  pipes  through,  1358,  1360 
hollow-tile,  873-874.  890 
mackolite,  877 

metal-lath.  878,  882-888,  890 
mill-construction,  759,  8ox 
rib-stud,  881 
soundproofing,  889-891 
scantling,     incombustible,     defined, 

1853 

solid  plaster,  878,  880,  890 

terra-cotta,  873,  875,  890 

types,  873 

wooden,  725-727,  748 
Partition-walU  defined,  1853 
Party  waUs,  873 

defined, 1853 

floor-loads  on,  234 
Patent  rights,  payment,  1759 
Patterns,  castings,  1521 
Paul,  air-line  system,  heating,  1286 
Pavement-prisms,  1579 
Pavements,  asphalt,  1608 
Payments,  on  contract,  1758 
Pearl-alum,  weight,  723 
Peat,  139,  1272 
Pedestal-iules,  198 
Peerless  radiators,  1265,  1266 
Pentagon,  37 
Perimeter,  37 

of  triangles,  center  of  gravity,  292 
Persons,  heat-emission,  1261 
Pews  (Glossary),  1835 
Philadelphia    building    code,    bearing 
pressure  on  masonry,  444 

formula  for  steel  columns,  481,  493 

loads  on  foundation-beds,  143 

masonry-loads,  267 

pipe-column  formula,  469,  474 
Phosphorus  in  steal,  381,  383 
Pianos,  dimensions,  1638 
Piers,  arch,  305 

brick,  268-269,  271-276,  278 
bond-stones,  269 
safe  loads,  26s>  268 
strength,  268,  271-276,  278 
tests,  275 

caisson,  2x2,  214 

center  of  gravity,  300,  301,  302 

footings  for,  161,  162,  176-178,    184, 

185 
fouadation,  129,  1S8,  200 
line  of  pressure,  300 
on  concrete  and  wooden  piles,  X99 

grillage.  184,  185 
pneumatic-caisson  method,  2x2,  214 
reinforced-concrete,  980 
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Piers,  stability,  297-304 
stone,  270 
terra-cotta,  276-278 
thrust,  297,  298 
Pigments,  paints,  1568-1570 
Pilasters  (Glossary),  1835 
Pile-drivers,  190,  194-196,  202-204 
Piles,  durability,  188,  196 
iron-pipe,  199 

reinforced  concrete,  196-200,  945 
versus  wooden,  strength,  196 
wooden,  188-196 

capping,  190-192,  198 

timber-grillage,  191,  19  a 
cost  of  driving,  195 
crushing  strength,  196 
driving,  189, 190, 194-196,  202-204 
durability,  188,  196 
Engineering  News  formula,  193 
municipal  requirements,  189 
plan  of,  for  building,  192 
safe  loads,  189,  193,  195 
specifications,  193 
strength  versus  concrete  piles,  196 
under  piers,  199 
woods  used,  189 
Piling,  sheet,  200-209 
Pillars  (Glossary),  1835 
Pin,  pins,  in  trusses,  423-429 

steel,  stresses,  618,  X138,  1200 
Pine,  specific  gravity  and  weight,  1507 
Norway  (see  Korway  pine) 
white  (see  White  pine) 
yellow  (see  Yellow  pine) 
Pinnacle  (Glossary),  1836 
Pipe,  pipes  (see,  also,  Bucts) 
block-tin,  1418,  1419 
brass,  1429 
capacity,  1383.  1403 
cast-iron,  1389,  1407,  14271  1428 
conduits,  1479 

coverings,  1360,  1363,  1430,  1610 
drain,  1407-14x2,  14^9,  1420 
expansion,  X437-Z439 
flow   of   water   through,    1382-1400, 

1420 
friction  in,  1388 
frostproofing,  1400 
furnace,    X311,    X3x8,    1322,    1358, 

1360 
gas,  1432-X436 

hot-water    heating,    covering,    1360, 
1430 
si«c,  1 30s,  X306 
speci6cations,  1359 
hot-water  supply,  X41S,  1428,  1429 
lead,  1408.  1413,  1415.  14x6-1418 
location,  fireproof,  826 
sewer,  1407-1409,  X4X9,  1420-1422 
sheet-metal,  X337 
smoke,  1362 


Pipe,  soil.  Z407"i4io,  1437 

steam-heating.  764,  1362 
covering,  X363 
pressure-loss,  1292 
size.  1294 
specifications,  1362 

steel,  Z408 

supply,  1390-1398,  X4XS 

symbols,  1350,  1424-1426 

tests,  1388,  14x2 

tin-lined,  1418 

vent,  1407,  X4X0 

warm-air,  size.  1318 

waste,  1407-141X,  1416.  14x7, 14^ 

wrought-iron,  1408.  X429,  X432-X4U 
Pipe-columns,  469-474.  4S8 

loads,  488,  497-498 
Pipe-coverings,  steam-pipes,  1360, 13^ 

1430,  x6io 
Pitch  of  roofs,  867.  869.  X046.  Z053 
Pitch,  gravel  roofs,  IS95-XS99 

slag  roofs,  i595-rS99 

specific  gravity  and  weight,  1507 
Plane,  36 

inclined,  25a 
Plaster,  alca-ltme,  1553 

asbestic,  8x8 

fire-resistance,  8x8 

gypsum,  818,  X55S 

hard- wall,  1556 

hydrated-lime,  XS51 

Keene's  cement,  1556 

machine-made.  1555 

measuring,  1556 

mortar  for,  239,  1554-X558 

staff.  X558 

wall,  X55S 

weight,  723 
Plaster-blocks,  876 
Plaster  of  Paris,  column-protectim,  is: 

fire-resistance  8x8 
Plastering,  x 5 54-1 558 

coats,  XS54 

cornices  and  moldings,  1556 

cost,  XS57 
Plate,  base,  forms  of,  44X 

bearing,  440 

pressures,  441,  laoo 

cast-iron,  weight,  X524 

cover,  riveted  joints,  421 

steel,  384,  385 

base  price,  1204,  1205 
punching,  effect,  382,  414,  688 

wall  (see  Wall-plates) 
Plate-and-tn^e  columns,  46,,  479 

connections,  477 

moment  of  inertia.  343 

radius  of  gyration,  344 

tables,  48S.  ':r7-532 
Plate  girders,  681-7x6 

construction,  details.  683-683 
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fe.te  slrd«n*«teiiMiiU,  706-716 
snd-reactions,  maximum,  703,    706- 

7x6 
sxamples,  688-694 
'ranting  and  connections,  614-6x6, 682 
tnoment  of  inertia,  section,  340-342 
ftaCe  loads,  706-716 
shear,  684-687,  690,  691,  696,  698, 

703 
specifications,  X20X,  X202,  X203 
splice-plates,  693 
stiff eners,  68x,  686,  691,  696,  X20x, 

1203 
stresses,  design,  683i  X20X 
web,  68x,  703-70S 
buckling,  686,  705 
shearing  value,  703-704 
stresses,  684,  686,  69X 
weight,  687 
jitforms»  stone,  X539 
lenmn  chamber*  X350 
lenum  systesr,  ventilating,  X3s6 
tumbinCf  1407-X430 
definition  of  terms,  X407 
fixtures  (see  PlumMag-Fiztares) 
pipes  (see  Pipes) 
synxbols,  X4a3-X426 

testing,  X412 

Ittxnbi&g-flztures,    X4X0-X4X5,    X420- 
1426 

cost,  mill-buildings,  810 

dimensions,  1640-1642 
Innco-bath,  X422 
latoxiic  rocks  X3x,  132 
tteumatic,  caisson,  2XX-214 

water-supply,  X396 
'oint»  36 

tolinS'board  method,  foundations,  209 
blyfons,  definition,  36 

equilibrium,  289,  299,  313-315.  3X9 

factors  for  determining  elements,  40 

force,  289,  X070 
>olyhedrons,  regular,  63 
^pbir  (see,  also,  Whitewood) 

columns,  safe  loads,  4SO<  453 

crushing-loads,  with  the  grain,  449 

hardness,  1558 

specific  gravity,  1507 

unit  stresses,  651 

weight,  651,  1507,  1558 
^»rtal  bracing,  1176,  1182 
Portland,  Ore.,  building  code»  loads  on 

foundation-beds,  143 
Portland  cement,  236-  240 

adhesive  strength.  240 

composition,  236 

concrete,  reinforced,  907,  908 

concrete  blocks,  233 

cost,  238 

defined,  237 

fineness,  237,  907 


Porfiaad  caiiMnt,  manufacture,  as6 

mixing,  238 

mortar,  238 
compressive  strength,  383 
proportions,  335,  347 
specific  gravity  and  weight,  1506 

quantities  in  concrete,  347,  348,  249 

setting- time,  337.  907 

specific  gravity,  237,  907, 1503 

specifications,  236,  907 

strength,  237,  240,  283,  284,  907 

testing,  237,  240,  907 

weight,  23s,  723,  XS03 
Post-caps,  782-788,  791,  795-800 
Post-office  buildings,  cost,  X630 
Posts  (see  Columns) 
Pound-feet,  290 
Pound-inches,  290 
Power,  X248,  X250 
Power-haxnmer,  underpinning,  33i 
Power-houses,  steel,  weight,  xaxo 
Pratt  truss,  1026,  X029, 1031, 1033 

economy,  X055 

with  inclined  ties,  1077 
Pressure,  barometric,  X349 

earth,  201,  205 

gauges,  X248 
Prism,  38,  62 
Prism-glass,  X454-1456,  1578-1 580 

fire-resistance,  821 
Prismoid,  quadrangular,  62 
Prisons,  ventilation,  X353 
Prizes,  architecture,  17  79-1788 
Profeswional  practice,  A.I.  A.,  X737 
Programme,  competitions,  X737t  X74i 
Public  building  (see,  also.  Federal  build- 
higs) 

cost,  x6i3,  1628-X634 

defined.  1853 

registers,  heating,  1355 
Pulleys,  arrangement,  X733 

sash,  1649 

size  and  speed,  1720 
Pulpit  (Glossary),  1838 
Pumice,  131 
Pumps,  air-lift,  1395 

deep-well,  X39X 

fire,  140Z 

mills,  759 

plunger,  1391 

pneumatic  system,  X396 

private  water-supply,  1390 

single-acting,  X393 

slip,  1247 

steam,  140X 

vacuum,  size,  X290 
Punching,  effect  on  steel  plates,  383, 

414.  688 
Purlins  (Glossary,  1838),  998,  183S 

channels,  11 69 

connections,  1x53,  1x69,  xx7o 
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Pufltes,  dcsifii,  1144,  Z169,  iiro 

I-beam,  1x69 
oblique,  stress,  573,  593 
spacing,  1003-1004,  1006 
steel,  specifications,  1201,  1204 
supports,  X004,  1046,  X047 
weight,  X050,  1055 
wooden,  X003,  iX44f  xx53i  "^ 
workshops,  771 
Z-bar,  1x69 
Puzsolaa  c«m«iit,  336,  237 
Pyramid,  38 

center  of  gravity,  393 
frustum,  38 
surface^area,  6x 
volume,  64 
surface-area,  61 
vertex,  38 
volume,  64 
Pyrom*t«r,  1349,  1350 

Quadntngular  priimoid,  62 
Quadrangular  truss,  1033,  1033,  X091, 

X094 
Quadrant  of  circle,  center  of  gravity, 

293 
Quadrilaterals,  36 

center  of  gravity,  292-393 
Quantity  system  of  estimating,  1635- 

1637 
Quartz,  X30 

specific  gravity  and  weight,  1507 
Quartzite,  132 
Queen  truss,  999-1004 

example,  of  analysis,  X055,  1x39 

graphic  analysis,  107  x 

wind-stresses,  xix2-xxx6 
Quicklime,  1549 
Quicksand,  X36 

excavations  in,  X37,  2xx 

foundation-beds  in,  13 7,  X41 

pockets,  X37 

safe  load  on,  X4X 
Quilts,  building,  1564^x568 
Quoins  (Glossary),  1839 

Radial  Brick  Chimney,  X369-X373,  1377 
Radiation,  x 264-1 27 x 

versus  hot-blast  heating,  X324 
Radiators,  1 264-1 27 x 

air-removal,  1285 

cast-iron,  I26s-X867 

concealed,  X370 

connections,  1264,  X283 

direct,  1264,  1283 

direct-indirect,  1264,  I26& 

hot-water,  1264,  X270 

indirect  heating,    1264,    1299,    X300, 
1356 
location,  1355 
specifications,  1360,  1362 


Radiaton,  indirect  heating,  symM,  19 

materials,  1*64 

measurement,  1365 

pipe  coil,  X267, 1S69 

pressed- metal,  1264,  X365,  x*^.  nli 

rating,  1265 

types,  X  265-1270 

wall,  X268 
Radius  d  gyraticni,  333 

areas,  334-338   (see,  also,  MsssiM 
of  inertia) 

compound  sections,  344 

definition,  333 

hoUow-ronnd  sections,  table,  348-3# 

hollow-square    sections,    table.   34> 
3SO-3SX 

notation,  122 

steel-pipe  columns,  472,  497-498 

structural  shapes,  354-359,  jfi^-^ri 
double  angles,  37 r,  37*.  503 
double  channels,  $73,  374. 499,  S» 
plates  and  angles,  344.  5x7^32 
plates  and  channels,  533-554 
Rafters,  1003,  1046,  X836 

bevel  and  length,  90 

details,  XX50-X154 

hammer-beam  trass,  ioi4-xot6 

on  steel  purlins,  XX69 

span,  maximum,  740.  74X,  745,  7*« 

stresses,  1x40,  X141 

weight,  X050 
Rass,  weight,  733 
Rams,  hydraulic,  1390 
Random  work  (Glossary),  1X39 
Rance-boUefs,  dimensions,  1642 
RanUne's  formula,  cast -iron  cohuass, 
460-461 

depth  of  keys*  ne.  308-309  j 

steel  columns,  481,  484,  493-496       j 
Raymond  ccmcrete  pile,  197 
Reactions,  beams,  332,  671 
Reaming,  steel,  382,  414,  423.  6S3 
Reaumur  therxnooseter,  1250 
Reciprocals,  7,  8,  34 
Rectan^es,  37,  39 

axis  of  moments,  335 

moment  of  inertia,  335,  346 

radius  of  gyration.  335 

section-modulus,  335 
Redwood,  beams,  loads,  640 
deflection,  664 
fiber-stress,  safe.  557 

columns,  safe  loads,  450,  453 

crushing-loads,  with  the  grain.  449 

crushing  strength,  across  the  pia, 

454 
shear,  647 

tension,  safe  stress,  376.  647 
unit  stresses,  647,  650 
weight,  650 
Reflection,  multiple  (acoustics),  r^ 
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lefnetiDiB  of  KfH  t453->45^  XS77^ 

1580 
africeratioiif  mechanical,  X6S4-1695 
e€riceratots,  1679-X6S3,  i69x>xd93 

^(isters,  air-velocity^  X3S7 
furnace,  i3i7^'S>o 
pressure-loss,  1358 
in  public  buildings,  1355 

Mze,  1358 

specifications,  1360 

symbol,  1350 

esiatrntion  of  architects,  1768-1776 

ftinl—BsJ  cottcnts  (see,  also,  Ceacrste 

and  Rei]iforc«meat),  906-997 
adhesion  (see  bond,  below) 
a««regate,  241,  287,  908.  9o9.  945 
beams,  924-941 

bending  moments,  935^36 

compressKoa-roda,  921-933,  941 

diagonal  tension,  921,  938 
bond,  940 

allowed  stresses,  9x1,  91s 

tests,  9x9 

use  in  design,  938 
cantilever  flat-^lab  system,  950 
cast-iron  column-connectloo8,94S~946 
cement  used,  907 
chimneys,  I373-I37S 
cinders,  342^  250,  909,  930 

corrosion  of  steel,  818,  960'-96x 
columns,  941-946,  969,  980 

calculations,  976 

fire-proofed,  95S,  959 

metal-cored,  944-945 
compressive  strength,  9x0-91  x 
Donductivity,  955 
connections,  944-947 
construction  in  general,  906-967 
Dorrosion-protection,  960-963 
cost,  250,  910,  1613,  16x8 
Cummings  system,  923,  945 
iesiKU  of,  9»4-947 
liagonal  tension,  921,  938 
electrolysis,  186 
srection,  906,  962-963 
factors  of  safety,  91  x 
factory-construction,  968-997 
ire  test*,  956,  957.  960 
E^re  Underwriters'  requirements,  958 
arcproofing,  78X,  81  x,  955,  957-958 
lat-slab  construction,  949 
loors.     842-856,    9»4-940,    948-955 
(see  slabs,  below) 
load  tests,  967 
surface-finish,  239,  246,  965 
ootings,  186,  946-947,  978 
orms,  245.  96a,  964-965,  966 

permanent  centering,  853,  853 
oundations,  x86,  196,  946-947.  978 
our- way  system,  949.  95<»»  993*997 


Miaforatd  coaeMto,  gravet,  908 

heat,  effect  of,  245,  827,  937,  955- 

959 
Hennebique  system,  919-920,  940 
historical  notes,  906 
hoUow-Uk  and  concrete,  951-953 
I  beams,  reinfoiced,  854 
inspection,  965-966 
joining  new  work  to  oM,  965 
Kahn  system,  931,  940 
metal-core  columns,  944-^45 
mateiiats  used,  907-923 
mill-construction,  948,  968-997 
mixing,  963,  964 

mixtures,  909-910,  945.  963,  964 
modtthis  ol  elasticity,  9T2,  924,  934, 

935,  956 
molds,  962,  963,  964-965.  966 

permanent  centering,  852,  853 
Mushroom  system,  950,  993-997 
piers,  978 
piles,  196-200,  945 
pouring  and  ramming,  964,  966 
proportions  of  materials,  240,  247— 

249.  910,  X7I2 

protected  from  fire,  958 

reinforcements  (see  RoiaforeenMat) 

retaining-walls,  261-263 

roofs,  866-872,  968,  976 

sand,  9Dft 

sectional  systems,  853-854 

separately  moulded  system,  953-955 

shear,  912,  921,  937-940 

shrinkage-stresses,  937 

skeleton  constnictioa,  948 

slabs  (see,  also,  floors,  above) 

bending  moments,  932,  936,  984, 

987 
cost,  250 

design,  example,  97 x 
diagrams  for  strength,  984-987 
flat-slab   construction,    845,   846, 

949-95* 
girderless  floors,  968,  993-997 
loads,  safe,  984-987 
rectangular,  formulas,  932 
separately  molded,  953 
strength,  932,  97 x,  984-987 
in  T-beam  design,  934,  975 

stairs,  900.  947,  982,  983 

stirrups,  921-923.  939,  94©,  973 

stone,  908-909,  935 

superintendence,  965-966 

System  M,  948-949 

T  beams,  932,  933,  937,  940,  971, 
975.  988-991 

temperature-stresses,  937 

tension-members,  9x3-915 

tensional  stress,  924 

tests,  adhesion,  930 
corrosion,  961 
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Reinforced  «oo£rete«  tests,  fire-reaist- 

ancc,  955-960 

hooped  columns,  942 

i.>ad8,  967 
thickness  of  concrete,  958 
tUe-and-concrete  floors,  953 
tile-protection,  959 
two-way  tile  system,  949-953 
types  of  construction,  948-955*  968 
unit  system  of  reinforcement,  923-923 
Vaughan  system,  856 
Waite's  concrete  I  beam,  854 
wall-piers,  978 

walls,  946,  948,  968,  975-978 
water  for,  909 

wet-concrete  mixtures,  963-964 
working  stresses,  9x1-9x3,  935 
wrought  iron,  907 
Reinforcement,     9x3-924     (see,    also. 
Reinforced  concrete) 
adhesion    (see  Reinforced   concrete, 

bond) 
Akme  system,  949-950 
bars,  915-92X 

area,  X5X4-Z521 
compression,  921,  933,  941 
Corr-mesh,  853 
corrosion,  960,  961 
corrugated  bars,  916 
Cummings  system,  923,  945 
deformed  bars,  915,  919 
Diamond  bar,  9x7 
dovetailed  corrugated  sheets,  850 
expanded  metal,  846,  883,  884,  919 
Ferroinclave,  850-851 
grades  used,  9x3 
Havermeyer  bar,  9x7 
Hennebique  system,  919,  920,  940 
hollow-tile  and  reinforced,  951 
Hy-rib,  8S3 
Kahn  bar,  921,  940 
Kalman  bar,  918 
lock-woven  fabric,  849 
loop  truss,  923 
Luten  truss,  933 
metal  fabric,  welded,  848 
metal  lath,  882-888,  923 
Monotype,  918 
multiplex,  Berger's,  853 
Ovcid  bar,  918 
peicentage,  925,  9.^7 
permanent  centering,  852,  853 
Ransome  bar,  915 
Rib-bar,  917-918 
rib-metal,  847-848 
rib-truss,  853 
rivet-grip  bar,  919 
rods,  number,  937-938 
rust,  186 

Self-Centcring,  Duplex,  853 
Sell-Sentering,  853,  885-886 


Reiafoccement,  spacing,  992,  93B 

specifications,  904 

System  M,  948 

triangle  mesh,  850 

types,  843.  855.  880-890^  9xi-9tj 

unit  system,  922-923 

welded-metal  fabric,  848 

wire-fabric,  850 

wire-mesh,  9x9 

working  stresses,  9x2,  913 

wrought-iron,  907 
Repose,  slopes  and  angles,  353.  354 

256 
Residences  (see,  also,  DweUinss] 

air-change,  1353 

heat-temperature,  1356 

non-fireproof,  height.  8x3 

steam-heating    specificatkim.    ij^i- 

1363 
Resisting  moment,  333,  556 
Resolution,  forces,  288,  389. 1065 
Rest,  definition,  124 
Resultant,  force,  388,  389 
Retsining-walis,  353-264 

angles  of  friction,  353 

angles  of  repose,  356,  359-260 

batter,  359-360 

breast  walls,  363—363 

cleavage-plane,  357-358 

coefficients  of  friction,  353 

construction,  details,  259 

footings,  361-362 

friction,  theorem  of,  352 
angles  of,  353 

grouted,  369 

internal  stresses,  357 

pressures  on,  357 

principles  of,  353-355  j 

proportions,  sfix  I 

reinforccd-concrete,  361-36^ 

slopes  of  repose,  356 

thickness,  360 

theories,  355 

vault-walls,  363-364 
Reverberation,  acoustics,  X4S7 
Rhomboid,  37 
Rhombus,  37 
Rib-bar.  918 

Rib-metsl,  properties,  847-84S 
Rib-stud,  plaster  paxtitioos,  SSx-SSs 
Rib-truss,  853 

Richmond    buUdtng    code,    loads  a 
foundation-beds,  143 

office-buildings,  assumed  loads,  151 
Risers,  stairs,  rules,  1648 

table,  1646-1647 
River-deposits,  133 
Rivet,  rivets  (see.  also.  Riveting),  *U 

American     Bridge     Co.,     stsatbii 
table,  420 

annealing,  382,  414 
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iiTBt,  arraogementf  4x4,  4x5 
base-price,  1205 
bearing  value,  415,  4x6 

area  used,  4x6 

Boston  law,  418 

by  proportion,  693 

column-connections,  469 

Cambria,  4x8 

Carnegie,  4x8 

determination  of,  4x5 

field-rivets,  6x8 

formula  for,  4x6 

live  loads,  4x5 

New  York  law,  4x8 

riveted  girders,  table,  4x8 

shop-rivets,  618 

steel-beam  connections,  table,  4x9 

steel  trusses,  table,  4x9 

tables,  4x8,  4x9 

wrought  iron,  4x5 

wrought  iron,  table,  4x8 
ben  ding-stress,  432,  433 
bridge- work,  423 
butt-jointSy    comparative    efficiency, 

42X 
chain,  definition,  421 
clearance,  414 
columns,  number  of  rows,  diagrams, 

467 
conventional  sign,  4x7 
cost,  base-price  for  rivets,  X205 

punching  holes,  X204 
cover-plates,  diagrams,  42 x,  422 
diameters,  plate  and  box  girders,  682 

standard  connections,  617 
distance  from  edge  of  plate,  682 
drift -pins,  4x4,  683 
driving-tools,  1203 
failure  of  joints,  4x5 
field,  433 

lengths,  table,  420 

shearing  value,  6x8 

symbols,  617 

weight,  percentage  added,  6x7 
^ips,  table,  420 
beads,  4x3,  4X4>  68a 

diagram,  4x6 

eccentric,  414 
boles,  413 

aline ment,  4x4 

allowance  for  errors,  6x5 

deductions,    plate   girders,   tables, 
702,  703,  704 

deductions,     plates     and     angles, 
tables,  399,  400,  702 

deductions,  f:om  various  authorities, 
603.  604 

diameter,  414,  4x5,  682 

punching,  3S2,  4x4.  4t5«  2303 
>n  flange-angles,  687,  691 

spacing,  specifications,  X202 


Rivet,  in  plate  girders,  diagram,  6x5 
in  stiffeners,  687 
ixkitial  slip,  422 
inspection,  4x4 
lap-joints,  diagram,  421 
lengths,  4x3 

field-rivets,  table,  420 
loose,  4x4 

machine-driven,  4x4,  683 
material  of,  413 
number  of,  column-connections,  469 

equation  for  determining,  687 

examples,  699,  700,  70X 

-    joints,  42 X,  422 

plate  girders,  69 x,  696,  70X 

for  double  shear,  4x6 

standard  connections^  6x6,  6x7 
pitch  (see  spacing) 
proportions,  diagrams,  4x6 
punching,  diameter  of  die,  4x4,  682 
reaming,  382,  4x4,  423,  682 
shanks,  diagram,  4x6 
shearing  value,.  41X,  4x3,  4x6,  693 

area  used,  4x6 

by  proportion,  692 

column-connections,  469 

determination  of,  4x5 

double  shear,  4x1,  4x6 

field-rivets,  6x8 

live  loads,  4x5 

shop-rivets,  6x8 

single  shear,  4xx,  4x6 

steel-beam  connections,  table,  4x9 

steel  trusses,  table,  4x9 

tables,  4x8,  4x9 

wrought  iron,  4x5 
shop,  4x4.  417.  423 

bearing  value,  6x8. 

shearing  value,  6x8 
signs,  conventional  diagram,  4x7 
sizes,  determination  of,  415, 1201 

diagrams,  4x6 

for  plate-thicknesses,  4x5 

shop-practice,  415 

table,  420 
spacing,  4x4 

cover-plates  of  plate  girders,  683 

flange-angle,   examples,   696,   6971 
699-701 

plate  girder,  example,  69X,  693,  693 

8()ecifications,  1202 

standard  connections,  6x7 

steel  columns,  469 
staggering,  4x4 

standard  connections,  6x6,  6x7,  6x8 
symbols,  417 
taper-rivets,  423 
weights,  standard  connections,  617 

steel  rivets,  1528 
working  stresses,  4x5,  4x6,  433>  6x8, 

XX38,   X20O 
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lUwt,  wocking  stnases,  colttmn*connec* 
tions,  469 
compared,  692 
for  bridges,  423 

standard  connections,  table,  6x8 
Riveting  (sec,  also,  Rivets),  4x3-423 

definitions,  413,  42 x 

field,  comftared  with  shop,  423 

machines,  4x4 

shop,  414,  41S,  423 

nngle,  definition,  421 
Robertson  Process  Metal,  819 
Rock,  angle  of  repose,  256 

argillaceous,  131 »  132 

boulders,  134,  136 

classification,  X3X-X32,  X34 

composition,  130 

disintegration,  133,  X34 

excavation,  cost,  1537 

foundation-bed,  X30-X32, 134,  x35,X4i 
loads, X43 

igneous,  131 

inclined  strata,  146 

ledge,  134,  135 

loose,  134,  13s 

metamorphic,  131,  132 

plutonic,  X3i>  i3» 

rotten,  134,  135,  256 

safe  loads,  141,  143 

sedimentary,  131 

siliceous,  131 

testing,  145 

under  caisson-piers,  2x4 

weight,  loose,  256 
Rococo  radiator,  X265 
Rods  and  bars,  steel,  385-399 

forked -loop,  387 

looped,  386.  396 

safe  loads,  388-392 

screw-ends,  387,  393-39* 

weights,  15x4-1521 
Roebling's  Sons,  wire^gauge,  400 

standard  wire  lath,  887 
Roman  long  measures,  34 

weight,  34 
Roof,  roofs  (see,  also,  Rooiinc  mad  Roof- 
trasses) 

cost,  777,  8x0 

conductors,  1658 

dampness,  Soo 

fire-proof,  866-872 

fire-protected,  801,  1597 

flooding,  801 

gutters,  1658 

heat-transmission,  1259 

leaks,  800 

loads,  740,  74X,  745,  746,  1048-1057, 
ZX96 

mansard,  870-87X 

znill-oonBtructioa,  760  (see  Min*«on- 
Btruction) 


Roof,  mill-coastrBctkm,  cost,  810 

example,  7G9 

materials  (see  RoqJtin 

timbers  axul  f  razainc  765 

walls,  768 
nozzles,  801 

pitch  or  slope,  867,  869,  1C4C  tc*: 
rafters  (sec  RsJtera) 
reinforced-concretc,  866-872, 908, 9" 
saw-tooth,  77»— 777 
trusses  (see  Roof-^nraaes) 
Roof-loads  (see  Leeds) 
Roof-tm^es,  998-1x70  {«ce,  k9*,  Bsi 
and  Roofliif ) 
anchoring,  iz  50-1 15  2,  ix€8 
arched  trusses,  1035-10x3 

{Presses  in,  xzr8-xi23 

wooden,  TOSO-X034 
arches,  trussed,  xi*x-zt33 
bending  moments,  moving  kttd,  iz> 

II3S 
bolt-connections,  429—459,  XJ'5 
Bow's  notation,  xo66 
bowstring,  1035,  1094,  xo?5 
cambered,    xoxx-xoxg,    io;€    xt^ 

X033-X035    (see,    »l*o,  Suisa 

truss) 
stresses  in,  X056.  zo6e,  lo^t,  tits 

X086,  X093-X09S 
cantilever,  X043-X045,  iioy-ixo8 
car-barn,  X028,  X056,  1209 
cost,  X208 

counterbracing,  xooo-xoo€,  X034,  its 
crane,  1069 

diagrams,  lettering,  zo66 
fan  (see  Fan  troas) 
Fink  (see  Fink  trass) 
fireproofing  for,  860,  S6f 
fixed  arch,  X045,  tx3x 
fixed   and   free    ends,    wisd-ftiease 

1x09,  xzxo 
flat  roofs,  example,  1057,  tx^cj^ 
stresses,  graphics,  ro7s,  1077.  «<* 

XO92,  XK0t~XX04 

types,  X030-X034 
forces  acting,  1066,  X070 
French,  X026 
hammer-beam    (see    Tf  1  1  1  m  fc^ 

truss) 
hinged.  X038-X043,  tX2x-xz5a 
hook -splice,  rx55 
horixontal  cliord«,  1004 
horizontal      deflection,      logf-  i3il 

XXX9,  XX29 
horizontal  thrast,    ze85-ie6S,  tzt 

1129-1x30 
Howe  (see  Howe  trass) 
influence-Mnes,  ZX34--XY37 
joints,  steel,  4«3-4a9.  si€o-xi:« 
wooden,  412,  4x3,   4«9h-4ML  isi^ 
Z160 
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king-rod,  998.  xiS3.  ii54 

atrcnct,  1048,  2069,  X099 
knee-braces,   1025-1097,   ttT6-'ttt8, 

Z164,  Z168 
lateral  bracing,  X033 
lattice,  1008-XO10,  1069-X09X 
loadfl  (see  Ldtttfa) 
Bimberft,  proportSoning,  1x39 
notation.  Bow's,  xo66 
pin<onnections,  433-439 

iiM,  X030,  1033,  1034 
Pratt,  XO36,  X031,  103a,  X077 
putlint  (see  Pttfttn*) 
quadrangular,  1033, 1033,  xo9x-t094 
queen,  999-XO04,  xx39»  XX40 
load-distribution,  X055 
stresses,  X07X,  xxx3'tli6 
reactions,  xo66 

unsymmetrical  loade,  X096,  1098 
wilKl>kMMk,  xixo 
roller-bearing,    wind'^tresaet,    x  x  t  x , 

xix8 
sag-tie,  1035 
saw-tooth  roofs,  779-777 
scissors  (see  Sdsaora  tmnat) 
shed,  X035 

spacing,  X047,  X048,  X05X 
ipllcinit  la  wooden,  1x95 
steel,  xoa5-i045,    XZ44-XX49,    xt6o- 
XX70 

cost,  X306 

saw-tooth  roofs,  77^-777 
secondary  stresses,  1x37 
shop-drawings,  1x62,  1207 
specifications,  1201 
weight,  X050,  X05T,  1309 
steel  columns  in  trusses,  XX39 
Itreeaes,  xo46^xx37,  1x38 
influence-lines,  1134-1x37 
coefficients,  x  098^1 065 
graphics,  X065-XX37 
unit,  timber,  XI38 
wind-load,  xxz8,  XX23'XX38 
(uapended,  X032,  X089 
ypc«.  998-1045 

tnsymmetrical,     xo9fr'Xo98,     xxoo- 
1x07 
loads,  X096,  X098 
rall-platas,    xz5o-xx53,   X156,    1x58, 

1x65, 1x68 
Varren  (see  Wairen  trass) 
reight,  toso-xosz 
rhite-pine,  X138 
rooden,  439 
bolted  connections,  439-439 
cantilever,  1044 
design,  xi38'tY44 
joints,  XX49-X160 
types,  998-X034 
«iit  stresses;  xtjS 


lbw<  KUiisit  woodai,  washers,   tt57<^ 
xx6o 
weight,  1050-1057 
RooflnCf   X58X-X604    (see,  also,  Roofs 
and  Ro«MnisSM) 

asbestos,  corrugated  sheathiag,  8x9 
shingles,  8x9 

asphalt*gtavel,  871, 1598 

asphaltic  materials,  x6o8 

Barrett,  1595 

Bonanza  tile,  868,  869 

book^ile,  868 

canvas,  8ox 

cement  tiles,  868,  869 

copper,  X049,  X604 

corrugated  iron,   X046,   X049,   1599- 
X604 

dampness,  800 

felt,  weight,  X049 

flat  roofs,  866,  X046 

galvanised,  1604 

gravel,  87  x,  XO37,  xs9s>t599 
fire-resistance.  1597 

incombustthk,  defined,  1853 

leaks,  800 

materials,  800,  X046, 1567,  X58X-1604, 
x6o8 
fire-resistant,  8x9,  817,  1597 
weight,  X049 

mUlH^onstniction,  760,  800 

pitched  roofs,  867-869,  X046 

prepared,  X599 

ready,  X027,  X046,  X049.  X599 

reinforced-cement  tiles,  867,  868 

sheathing,  X049,  1055,  X567 
paper,  X567 

shingles,  X046,  X58X 

slag,  80X,  XS95-XS99 

slate,  87X,  X046,  XO49,  X58a-X586 

steel  sheets,  X599-X604 
asbestos-covered,  8x9 

tar-and-gravel,  871,  xoa7 

tile,  866,  867,  871,  X586 

tin,  80X,  1046,  X049,  1588,  X59S  (see 
also,  tin,  roofing) 

warehouses,  800 
Roofs,  heat-'ttansmission,  1259 
Room,  fresh  air  for  furnace,  1323 
Rope,  for  bells,  X736 

cotton,  hemp  and  Manila,  406-408 

weight,  733 

wire,  404-408 
Ropes  and  cables,  measures,  35 
Rosin,  weight,  723 
Rotary  converter,  X463 
Rotten  rock,  X34,  X35,  356 
Royalties,  payments,  1759 
Round  rods,  safe  loads,  388 
Rubble  (Glossary),  X843 
Rubblework,  266,  44 x,  1538, 184s 

cement,  235 
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Ruptnra,  Modulus  of  (see  Modaint  «< 

rapture) 
Rust,  reinforced  concrete  footings,  i86 

Safe  load,  definition,  125 
Safety,  factor  of,  definition,  126,  ^75, 
SS6 
appliances,    elevators,    1664,    1669, 

1672 
St.  John  the  Divine,  Cathedral,  founda- 
tions, 251 
St.  Louis  building  code,  loads  on  foun- 
dation-beds, X43 
loads  on  masonry,  267 
office-buildings,  assumed  loads,  151 
thickness  of  walls,  230-232 
St  Paul  building  code,  loads  on  foun- 
dation-beds, Z43 
office-buildings,  assumed  loads,  151 
Saints,  symbols,  1727 
San  Francisco  building  code,  loads  on 
foundati(»i-beds,  143 
thickness  of  walls,  231 
San  Francisco  fire,  tests  of  materials, 

957 
Sand,  Z34,  x5S3 
angle  of  repose,  256 
beds  of,  Z34 
chemical  analysis,  138 
classification  and  composition,  136 
cost,  249 

foundation-beds  on,  141 
in  reinforced  concrete,  908 
Ottawa,  23s,  241,  908 
proportions,  in  concrete,  241-243,  247- 
25Z,  908 
in  lime  mortar,  Z5S3 
quicksand,  Z36,  X37,  X4Zi  211 
safe  loads  on,  Z4X,  Z43 
screening,  Z553 
sieve  tests,  X38,  241 
source  of,  Z30,  Z553 
specific  gravity,  Z507 
voids,  247-249 

weight,  248,  256,  ZS07,  IS37»  ISS4 
Sand-bars,  formation  of,  Z33 
Send  finish,  plastering,  X555 
Sandstone,  Z3z 

beams,  coefficients  for,  628 
fiber-stresses,  557 
tensional  strength,  282 
bituminous,  paving,  Z609 
crushing  strength,  266,  270,  279-282 
fire-resistance,  8z4 
loads,  safe,  266,  267,  379*  282 
modulus,  of  elasticity,  282 

of  rupture,  282 
shearing  strength,  282 
specific  gravity,  28a,  Z507.  1508 
weight,  282,  X507,  X508 
Sftsli,  hoUow-metal,  897 


Sash»  weights  for.  1649,  1651 
Sash-balances.  165  a 
Sash-chains,  Z650 
Sash-cords,  X649 
Sash-pulleys,  Z649 
Sash-ribbons,  Z650 
Sash-weiglits,  1649.  1651 
Saw-tooth  roofs,  772-777 
Schedule  «f  charges,  architecu,  i;;l 

1731 
Schists,  132 

SchlierenmeUuMle,   pbotograpluBc  n- 

disturbances,  1 495-1499 
Scholarships,  architectoral,  177^1711 
School-buildings*  1644-1648 

cost,  Z613,  z6x4.  z6i6 

doors,  Z648 

flagpolea,  X644 

floor- joists,  7Z7 
spans,  737,  74^ 

floor-loads,  live,  719   720,  ris^ 

heating-temperature,  1256 

hot-blast  heating,  Z324 

non-fire-proof,  height,  Szj 

size  of  rooms,  717 

stairs,  1648 

ventilation,  Z3S3 

water-closets.  Z641 
Schoolrooms,  blackboards,  1644. 1641 

desks,  Z645 

dimensions  of,  717,  Z644 

floor-loads,  7x9,  720,  1x98 

heating,  1256,  1324 

lighting,  145 1 

seats,  1645 

ventilation,  1349*  I3S3 
Schools,  architectural,  1769,  Xi7S.i::i 

X779-X78S 
Scissors  trusses,  1004,  xoio-xozj,  ios& 
X056 

stresses,  zoSi— 1087 

wall-joint,  xxs6 
Screen  (Glossary),  1843 
Screw-ends,  386-39S 
Screw-jacks,  2x5,  2x6,  221 
Screws,  1535,  1S36 

lag,  IX 57,  Z535 

threads,  standard,  X525 
Scripture  measures  and  wei^its,  54 
Scuppers,  767 

Seat-baths,  dimensions,  164X 
Seating  capacity,  1653-1656 
Seating-space,  churches,  1653^  x6s4 

schools,  Z645 

theaters,  Z653-Z656 
Seats,     dimensions    of,      1638,    i««'« 

1653 
Seattle  building  code,  masooiy  lat^ 

287 
Secants,  Uble  of  natural,  zx6 
Section-factor  (see  Sectioflrflwdalss) 
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Baetifla-iiiodiiliti^  ss$ 
elementary  sections,  334'-35B 

structural  shapes,  354-359,  362-369 
Sector  of  circle,  38 

center  of  gravity,  293 
Sedimentary  rocks,  131 
Segment  of  circle,  38 

center  of  gravity,  393 
iego&eatal  arch,  305,  307,  331 
{eleoite,  13 1 

tomicircle,  center  of  gravity,  S93 
lepjirators  for  steel  beams,  6x2-6x4, 

i2oa 
torvices,  architects,  1731 
ievTAge,  ejectment  of,  1432 
tovrer-pipes,    x  407-2409,    14x9,    Z490, 

1422 
(ewers,  as  affecting  fouttdations,  147  ' 

house,  1409 
lezagon,  37 

thaft,  elevator,  1659,  x66o,  1666,  1675, 
1676 

fire-proof,  889,  890 

for  mills,  764,  768 
Ihafting,  loads,  XX97 

machinery,  1720-1733 
thale,  132,  143 

bricks,  27s 

specific  gravity  and  weight,  1508 
bear,  128,  411 

beams  (see  Beams) 

bolu  (see  Bolts) 

buildings,  wind-pressure,  1x76-1x83 

cast  iron,  41a 

double,  4x1 

failures,  illustrations,  X70,  171,  4x1, 
413 

girders  (see  Beams) 

horizontal,  wooden  beams,  412,  635 

pins,  423,  424 

plate  girders,  684-687,  690,  691,  696, 
698,  703 

reinforced-concrete,  913, 921,  937-940 

rivets  (see  RiTets) 

single,  /,ix 

steel.  382,  412,  567,  569,  113a 
specifications,  1203 

vertical,  beams,  411,  565,  567 
diagrams,  685,  686,  690,  698 
wind-bracing,  X176-1183 

web-plates,  in  plate  girders,  703 

wind-bracing,  1x76-1183 

woods,  412,  647-651,  XX38 
iMaring,  effect  on  steel,  383,  4x4,  6M 
tieathing,  asbestos  corrugated,  8x9 

mill-constr action,  759 
papers,  XS64-XS68 
roof,  weight,  X049 

wooden,  X049,  1563 
deathlng-qoflt,  1564-1568 
bieat  lath,  886 


Sheet,  metal,  40a,  886,  isxo,  xsxx,  (599 

tile,  1587 
Sheet-pUiiig,  200-209 
Sheet  iron  and  steel,  asbestos^covered, 
8x9 

base-price,  1205 

ceiling,  1604 

corrugated,  1599-1604 

galvanized,  1604 

gauges,  403,  15x0,  1600 

roofing,  X599-X604 

siding,  X603 
Shelf-angle,  beam-framing,  787-790 
Shelf-hangers,  752,  788,  790 . 
Shingles,  158X 

asbestos,  8x9 

dimensions,  X583 

nails  required,  X581,  1583 

sizes,  1 581 

staining,  1570 

tin,  1046,  X049 

weight,  X046,  X049,  158X 

wooden,  X046,  X049,  X3'7o,  X58X 
Shop  drawings,  X754 
Shops,  hot'blast  heating,  1324 
Shoring,  excavations,  2x4-332 
Shot-drills,  foundation-bed  testing,  X45 
Shatters,  fire,  759,  77S*  Sox,  901-909 
Sideboards,  dimensions,  1638,  1640 
Sidewalks,  flagstones,  X539 

granite  curbing,  1539 

vault-walls,  263-264 
Siding,  beveled  and  drop,  wooden,  1563 

corrugated  metal,  1603 
Silica  minerals,  130 
Silicates,  X30 
Sills,  stone,  1539 

sat,  139 

Silver,   specific    gravity   and    weight, 

1508 
Simplex  concrete  pile  method,  X97 
Sines,  table  of  natural,  95 
Sinks,  14x2,  X64X 
Sirocco,  fans,  X34X,  1344 
Skeleton  construction,  334,  948,  xx7X 
Skewback,  arch,  305,  307 

floor-arches,  834-835 

vaults,  X232 
Skylights,  ghiss  for,  X580 

mills  and  warehouses,  765 

saw-tooth,  769,  77»~777« 

standard,  defined,  1854 

weight,  X049 
Sky-signs,  wind  load,  XX99 
Slabs,  reinforced-concrete  (see    Rein- 
forced concrete) 
iMag,  in  cement,  236,  337 

roofing,  80X,  X595-X599 
Slag  cements,  characteristics,  S36,  S3 7, 

238 
Slag  concrete,  fire-resistance,  8x7 
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beams,  coefficients  for,  63S 
safe  fiber-streM»  SSI 

coet,  X046,  1585 

crushing  strength,  38a 

flooring,  z6o6 

grading  of,  1583 

laying,  1583 
Old  English  method,  2584 

measurement,  1584 

modulus  of  elasticity,  382 

modulus  of  rupture,  283 

nails  required,  is8s 

punching,  1585 

roofs,  871,  Z046,  1049,  X 583-1586 

sizes.  1583 

specific  gravity,  38s,  1508 

strength,  383,  5S7 

thickness,  1583 

tile,  1606 

weight,  382,  1049,  1508, 158s 
81eeTeHiut%  386,  387.  397 
SlendamaM-ntio,  columns,  448 
Slip,  in  pump  action,  1247 
Slop-wnki,  dimensions  of,  1641 
Slope,  of  roofs,  867,  869,  X046,  1053 

of  repose,  ss6 
Stoo»buming  GOastmctioB  (see   Mill* 

oonatractiim,  tloir-kiiftilM) 
Smoke-piptt  X36a 
Snow-loada,  Z049,  1053-1057 
Soapatone,  13  x 

Sodetkea*  atcUtectural,  X78IH1795 
Sofas,  dimensions,  1640 
Soffit,  arch,  305 
Softwoods,  ultimate  unit  stresses,  649^ 

6sx 
Sou,  X33 

angle  of  repose,  356 

foundation-beds,  135-148,  980 

weight  of  loose,  356 
Soil-pipes,  X407,  X4X0,  Z437 
Solids,  mensuration  of,  61 
Sound  (see  Acoustics) 
SoaodpcoeABS,  partitions,  891 
South  Carolina,  registration  law,  1779 
Span,  arch,  305 

beams,  definition,  555 

wooden  joists,  736-746 
Spandrels,  arch,  305 
Specifications,  cast  iron,  379 

column-connections,    cast-iron,    457, 
458 

electric  wiring,  14^3 

devator-inttallation,  X663-X664 

fire-shutters,  tinned,  901-902 

furnace-heating,  X357-i559 

gravel  roofing,  X595''i599 

hot- water  heating,  1359 

hydrated  lime,  X55Z 

lime,  1549 


SpeciflcstJoas,  paint, 

plate  girdcts,  689 

plumbing-fixtures,  1640 

Portland  cement,  336,  907 

reinf  orcing-steel,  9x4 

roofing-tiles,  1586 

slag  roofing,  X59S-XS99 

standard,  A.I.A.,  X75»-'Z764 

steam-heating,  1361 

steel,  in  reinforced  concrete,  914 
structural,  $Bs,  rz94-X3a4 

tile  roofing,  1586 

wiring,  electric  work,  X483 

wooden-pile  foundations,  X93 

wrought  iron,  377 
Speette  gmnrity,  x  500-1508 
Specific  beat,  X350,  xfi84 
Spedfle  veluM^  gases,  xssfi 
Spheres,  38,  60,  64 
Spheroids,  60,  65 
Spider,  domes,  xssa 
^•kes,  cut  steel,  153a 

steel-wire,  1533 
Spinnlnc-mUls,  cost,  80s 
Sprinc-line,  arch,  305  * 
SpringHieedles*  3sx 
Springers,  arch,  305 
Sprinklers,  automatic,  801,  dor-Ses 

framing  to  accommodate,  777 

mills,  759,  768 

tanks,  779 
Spruce,  beams,  coefficicnta  foe,  638 
deflection,  664 
distributed  loads,  sale,  639 
fiber-stress,  557,  647.  648 

columns,  safe  leads,  451 

crushing-loads,  with  the  grain,  449 

crushing  strength,  acfo«  the  gaisi 

454 

modulus  of  elasticity,  647,  664 

shearing  strength,  4x3,  647,  648 

specific  gravity,  1508 

stiflness,  664 

tension,  376,  647,  648 

unit  stresses,  376,  4x3.  647,  648,69^ 

weight,  650,  XS08,  X558 
Square,  squares,  37,  39 

hollow,  moment  o<  Inertia,  33s 

measures,  37 

moment  of  inertia.  334 

radius  of  gyration,  334 

section-modulus,  334 

tables  of,  8-34 
gf  usre  roetn,  3 

tables,  8-34 
Stability  of  strectwea,  ^finitioa,  las 
Stack,  boiler,  1383 

furnace,  13x3,  X3X7, 133s,  1358 

steel,  1376 
anchor-belta,  X377 

tall  buUdings,  1383,  1368 
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iStaf,  X558 

SttiflJess  €9mmkt$,  938 

MaitB,  dimensions,  1646,  1647,  164S 

Ferroinclave  foundation,  900 

fire-proof,  899-900,  947,  985 

band-raU,  1648 

hoUow-tiltt  steps,  899f  904  - 

mill-construction,  759,  8zo 
tower,  764,  768,  778,  779 

mnfocced^concrete,  900,  947*  98s 

risers,    2648 
table,  1646,  1647 

school- houses,  1648 

towers  for.  764,  768,  778,  779 

treads,  899,  1648 

table,  1646,  1647 
takway*,  loads,  1x98 

protection,  fire,  764,  7^5,  778,  779 
tendplpea,  76S,  801,  905 
tates,  registration  ol  architects,  1768, 

1777 
tiftiaCic*,  definition,  ia4 
latas,  architects,  1738,  1754 
vain,  1251-1254 
consumption,  engines,  1947 
heating,  1264, 1283-1302  (see  H««t- 

ing,  steam) 
saturated,  properties,  X95| 
laftoa-coita,  heaiini  water  by,  1344 
eam-liMitiiic  (see  H«atlB«) 
80I9  adhesion  to  concrete*  91a,  9I9> 

920,  938.  940 
bars,  3S$-398 

areas,  etc.,  15x4-1591 

safe  loads,  388-399 

weight,  X5X4-X52Z 
base-price,  1904,  x9Xo-xai9 
beams  (see  Beams) 
Bessemer  process,  380 
bnmding,  385 
carbon-content,  381 
:bemi<:al  propartiet,  383 
rbimneys,  1376 
roefficient  of  expansion  382 
;old-bend  test,  378,  384*  38s>9S4 
;olumn9  (see  CohMMS) 
tompressive  strength,  449  * 
KMVoaion  In  concrete,  960^^ 
;orrusated,  baa»*pnjce»  laos     • 

wetifht,  x6o»»  z6q3 
oat,  1 904-1 91 2 
lefii&ed,  380 
lastic  behavior,  381 
lastic  limit,  38X.  9x3 
lonsation,  38X,  384,  9IS 
ye-b*r».  386,  S95 
nished  material,  384 
re-resiatance,  819 
>rm  o#  test'4pecimeo,  3A4 
nanufactun,  380,  3^3 
aerchant,  cost.  X9io 


Steel,  modulus  of  elasticity,  381,  91^, 
934 
open-hearth  process,  380 
plates,  384,  385.  X204 
pho«phorus<<ontent,  381,  383 
properties,  chemical  and  physical,  383 
punching,  effect  on  plates,  382, 4x4, 

688 
leinforciag  (see  lUinfoffcesMat) 
roof-trusses  (see  BAof-tmasas) 
rope,  404-406 
rupture-stress,  381 
shearing,  382,  4x2,  567,  5fi9>  IS38 
sheet,  1599--X604 

asbestos-covered,  8x9 

base-price,  X905 

corrugated,  X205,  1599-1604 

gauges,  402,  X5XO 
specifications,  383  « 

specimens  for  tests,  383,  384*  407 
strength,  407,  914 

carbon  and  phosphorus,  effect,  38 x 

specification,  383 

ultimate,  389 

wire,  40X,  406 

working,  376,  4x9,  357»  1x38,  xi99 
stress-strain  diagram,  38a 
stresses  (see  strength) 
structural  (see  Stmclwal  ateoi) 
tests,  383-385,  XI9S 
thickness,  corrosive  agents,  xaos 
weight,  38a,  X5XO-X52X 

estimating,  rule  for,  159  x 

sheets,  xsxe,  X51X 

variation  in,  385 
wire,  400-406,  X5X9 

weight,  X5X2 
yield-point,  38X,  383,  9xa,  9x3 
Stael-piya  folaauia»  469-474, 488 

safe  loads,  488,  497 1  498 
Steelwork,  XX94-X206 
bolted  connections,  X204,  xao6 
buildings,  weight,  X907-X909 
cost-data,  X204-X2xa 
cut  to  length,  X2«6 
design,  X20x 
drafting,  cost,  x2o6 
erection,  xsos,  X9o6 
>fin«pffotactioa,  46^*  76a,  f  8p«  $»9^ 

826 
foundations,  1x03 
freigbt^rates,  X905 
inspection,  1203, 1905 
sailUbuHdiags,  786,  788,  xaxo 
painting,  X203,  X2o6,  %sja,  1573 
specifications;  383,  XX94-X904 
stresses,  618,  1x38,  xx99 
weight,  estimates,  X207-X9XO 
workmanship,  X202 
Steps,  hollow^tilsi  899 
stoM,  XS39 
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Stiffenen,  girder- webs,  68  x,  686,  691, 

921-923,  939,  940,  973 
StiffneWy  definition,  125 
Stirrupc,     reinforced-concrete     beams, 

921-923,  939,  940,  973 
wooden  beams,   750,   7S4-7S7,  787- 

794 
Stone  (see,  also,  Stoii«wofk   and  each 

kind  of  stone) 
angle  of  friction,  253 
beams,  628 

fiber-stress,  557 
building-data,  2S2 
caps,  1 539 

coefficient  of  friction,  253 
concrete,  90S 
coping,  1539 
cost,  1538,  1613 
crushed,  cost,  249 
crushing  height,  269 
crushing  strength,  279-282 
fire-resistance,  8x4 
footings,  223,  224 
lintels,  Z539 

masonry,  265-270,  1538 
modulus  of  elasticity,  982,  283 
piers,  270 

quantities  In  concrete,  247-249 
sills,  1539 
steps,  1539 

strength,  265-^10,  279-282 
weights,  282 
Stonework  (see,  also,  BlAtonry,  Stone, 

Walls,  etc.) 
ashlar,  441,  1538 
bluestone,  cut,  1539 
coefficients  of  friction,  253 
cost,  data  for  estimating,  1538 
crushing  strength,  265 
cut-work,  1538 

data,  X  538-1 539 

hammer-dressed,  1538 

loads,  safe,  266 

measurement,  1538 

rubble,  441,  1538 

sidewalks,  1539 
Storehouse-constraetloii,  765''788 
Straicht-Unefonnnla,  cast-iroii  oofaunas, 
460-461 

depth  of  keystone,  308-309 

steel  columns,  481-482,  493-496 
Strain,  definition,  125 
Strencth,  beams,  law  of  variation,  56s 

breaking,  556 

coefficient  of,  556,  628 

compressive,  448 

definition,  125 

elastic.  126 

elongation-relatiofn,  steel,  381 

flezural,  definition,  X2S,  $56,  631 


Strength,  of  materials.  definitioB,  iji 

shearing,  411.  635,  657,  667 

tensile,  375 

ultimate,  definitions,  125,  375,  ^i. 
411.  448 

working,  definition,  125,  375 
Stienctti  of  matefialB  (see  name  of  s> 
teiial  in  question) 

definition,  125 
Strees,   stresses,    125,    254    (see,  the, 
materials  in  question) 

bearing,  4x5 

bending,  265,  628,  647 

combined,  128,  480,  572, 11x4 

compressive,  127,  647 

constants,  wooden  beams.  628 

diagrams  and  formulas,  1065-1137 

distribution  of,  254 

elastic  limit,  126,  381 

fiber,  126,  32s,  555,  556 

flexural,  126,  3*5.  333,  55$ 

intensity,  definitions,  125,  254,37s 

modulus  of  rupture,  126 

notation,  X22 

resultant,  254,  1x83 
-  reversal  of,  1x04 

rupture,  381 

secondary,  1x37 

shearing.  128,  4x1,  415,  64T 
horizontal,  63s,  687 

shrinkage,  in  concrete,  937 

stress-strain  diagram,  582 

temperature,  in  concrete,  937 
trusses,  1x28 

tensional,  X27,  375.  4i5i  647 

torsion,  128 

transverse,  265,  480,  555,  62S 

ultimate,  375 

uniform,  254 

unit,  definitions,  125,  126,  37s,  KTS 

varying,  254 

wind,  trusses,  xxog-zixS.  1X23-XI1I 

wind-bracing,  11 76-1x83 

working,  defixiitions,  1 25,  37s 

yield-point,  381 
Strew-ffbmin  '**^f— ^-^  389 
Strinc-ceone  (Glbsaary),  1846 
Stnictoml  Bfanpes,  33^-374  (s«e 
Chmwielt,  I  Imnrnw,  etc) 
Stractnnd  wtttl  (see  Stodwoik) 
Stmctures,  definition,  124 

domical,  z  2x3-1 231 

large,  heating,  13  a4 

theory  of,  124 

vaulted,  X23X-xa43 
Struts,  angle,  tables,  488,  501-503 

as  bMeams,  571,  57a 

bracing,  formulaa,  495 

cast-iron,  trussed  girders,  66t 

channel,  loads,  table.  499-500 

compression-fomulas,  496 
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Stmts,  dottble-steel-tngle,  loadtt  50s 

eccentric  loads,  453,  489 

I-beam,  strength  of,  489 

in  trusses,  steel,  480 

loads,  X20I 

tables,  488,  493-495 

single-steel-angle,  loads,  50X 

trusses,  998 

wood,  633 
strength  of,  448-452 
trussed  girders,  66  z 
bboontroelor'f  agreement,  1765 
kibocmtracts,  1761 
kigar,  specific  gravity,  1508 

weight  of,  723.  1508 
lalphur,  anchoring-bolts,  340 
taperitttendent,  architects,  1728 
kucharses,  306 
tnrface,  center  of  gravity,  292 

finish,  concrete,  246,  965,  1555 

measures,  27 
metric,  31 
Way-rods,  wind-bracing,  1x76,  zi8i 
iwedce-bolts,  steel  columns,  6x9 
Mtches,  electric  lighting,  1478,  X479, 

X48X 
Ifcainore,  specific  gravity,  1508 

weight,  1508,  1558 
lyenite,  131 

compression,  282 

tension,  383 
lymbols.  Apostles  and  Saints,  1727 

electric  wiring,  1 476-1478,  X484 

gas-piping,  1445 

mathematical  122.  133 

pipes  and  fittings,  1350 

I^umbing,  X424-X426 
yatam  of  units,  engineers',  1247 

'  beams,  reinforced  concrete,  diagrams 
for  strength,  988-991 

example,  97 1,  975 

formulas,  933-934 

reinforcement,  937,  940 
-sections,  steel,  base-price,  zszs 

firerpnN)f  ceiings,  872 

girder  flange,  682 

sise  and  properties,  337,  368,  369,  565 

strength,  as  beams,  591,682 
laUes,    furniture,    dimensions,    X638. 

1639 
neks,  wire,  1533,  IS34 
ail-beams,  floors,  749 
•Ic,  131 

specific  gravity  and  weight,  1508 
aU  Imfldings,  sucfc,  1283,  X368 

tables  of  natural,  X04 
anks,  capacity,  Z404-X406 
construction,  Z398-X402 
expansion-tanks,  1307, 1360 


Taiun,  f  rost-proofiog  pipM,  1400 

gravity-taniks,  water,  779 

heating,  X400 

house-tanks,  14x5 

incrustation,  X429 

materials,  1398 

standard  sixes,  X40X 

steel,  X402 
wind-load,  1x99 

wooden,  X398 
Telephones,  automatic,  1707 
Telltsle  (Plumbing),  1400 
Temperatoxe,  absolute,  1250 

concrete,  344,  345 

humidity-relation,  1352 

inside,  table,  1356 

maintenance,  heating  buildings,  1256 

outside,  in  U.  S.  table,  1257 

roof -trusses  affected  by,  1x28 

United  States,  X257 
Tempering-coil,  heating,  1328 
Tenement-honse,  defined,  1854 

floor  loads,  7x9,  1x98 

specifications,  xsoo 
Tension,  X27,  375 

building  materials,  376 

members,  steel,  385-387 
safe  k>ads,  388-392,  399 

sign,  X065,  X068,  X072 
Terms,  architectural  (Glossary),  X796- 
X850 

building  codes,  X85X-185S 

building  Utws,  1851-1855 

engineering,  i34-xa9 

technical,  1796-1855 
Ten  a  tetta,  beam-protection,  782 

book-tUe,  867,  868 

column-protection,  782,  822-826 

composition,  276,  8x4 

dense,  8x4,  8x6,  875 

facing  of  walls,  269 

fire-resistance,  234,  8x5,  8x6,  828, 

874 
floors,  828-840,  x6o4-x^7 
heat-transmissioD,  X258-X259 
hollow  walls,  233-234 
ornamental,  fire-resistance,  8x4 
inside  finish,  89^-899 
staircases,  899 
partitions,  873-875,  889 
piers,  276-278 
porous,  8x5,  87$ 
properties,  276 
roof -construction,    866,    867,    871, 

X586 
semiporous,  8x5 
sound-resistance,  889,  890 
strength,  266,  276-278,  287,  8x5 
tests,  276-278,  8x5,  873 
truss-protection,  860 
weight,  378 
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/Tem«o  floofiitf*  t^97 
Tests  (see,  also,  materUU  in  question) 
brict  piers,  272-278. 
bricks,  270,  281,  1542 
cast  iron,  380,  446,  Sij^ao 
cement,  236-237,  240^  907 
chains,  408-419 
column-coverings,  822-833 
columns,  cast-iroi&,  4160,  8s3 

steel,  822 

steel-pip«,  47  a 

wooden,  449 

concrete,  383-<a97f  8x7*  9ti 
eye-bars,  386 

fire-proof  floors,  887>  ^41,  844*  866 
fire-proof  partitions,  898,  873,  889 
fire-proof  wood,  8so 
floors,  7J0-721.  866,  967 
foundstion-beda,  K4t*-i46 
joist-hangers,  736,  794 
mortar,  283 

nails,  holdioc^power,  1331 
pipe,  water,  1388 
plumbing,  14x2 

reinforced-concrete,  adheaiQiiv  9i9-t- 
920 

corrosion,  961 

elastic  properties,  935 

fire-resistance,  955->96o 

hooped  columns,  94s 

loads  on  floors,  967 
sash-cords  and  sasb-ch*tns.  1650 
sound-absorptjoB,  i486'<'i5oo 
steel,  382-385 
stone,  279-281 

terra-cotta,  S76*  278,  8i6, 875^874 
wooden  beams,  built-up,  65a''654 

columns,  449 
wrought  iron,  377-'379 
Theater-curtains,  asbestos,  8x9 
Theaters,  chairs,  1653 
defined,  1834 
dimensions  of,  1657 
floor-loads,'  7Z9»  T^o,  XI98 
heatinf  and  ventilaUng  layout,  1348, 

1353 

seatJDH  capacity,  X654-1656 

seating-space,  165^ 
Thennometers,  thermometry,  1*49 
Threads  of  scffwa»  standard,  zsss 
Thrusts,  305 

Tie-beams,  wooden,  430, 43s,  434, 435, 
633 

built-up,  43'9 

steel,  stresses  in,  572 
Tie-plates,  steel,  X202 
Tie-rods,  for  I  beams,  6i9>  86$ 

roof-tffu^ses,  xzao 

segmental  ar^heS)  307,  83s 
Tile,  1 604-1 607 

aseptic,  1605 


Tilt,  c»at<«iass,  1606 

cement,  reinforced,  867«€69 

ceramic.  1605,  1607 

concrete,  816 

copper,  1587 

cost,  1046,  Z587,  x6o7 

enameled,  1605,  1607 

encaustic,  1604,  1607 

faience,  X607 

fireproofing,  234,  815.  828,  874 

flint,  1605 

flooring,  89S-S93,  Z604-1607 

Florentine  mosaic,  1605 

glass,  1606 

glazed,  X605,  x6o7 

hollow  (see  Terra-ooMa) 

and  concrete,  951-953 
interlocking  rubber,  t6o6 
lozenge,  1605 
Ludowici,  1049 
mantel,  1605 
marble,  X605 
mosaic.  X607 
piers,  278 

reinforced,  838-842 
reinforced-cement,  867-869 
Roman,  zq49,  x6os,  1607 

floor-construction,  953 
roofing,  866,  1586 

cost,  1587 

laying,  1586 

specifications,  Z586 
rubber,  1606 
semivitreous,  1604 
sheet-metal,  1587 
slate,  z6o6 
Spanish,  1049 
specific  gravity,  S508 
steel,  XS87 
tacraaao,  1607 
tin,  X587 
vaults,  X243 

vitreous,  1604,  1605,  2607 
wall,  1604,  z6o6,  1607 
weight,  X049»  X508 
Tile-arch,  Guasuvino,  841,  &4S,  xw 
Thnber  (see,  also,  Luasber  said  (^otf 
woods) 
board-measure,  1560-1562 
bond  (GloMary),  1803 
daU,  1558-XS63 
footings,   temporary  buildizifs*  iK 

X87 
framing,  sizes,  X559 
hardness,  relative,  Z55S 
measurement,  IS59~X563 
modulus    of    elasticity,    647,  Jif 

734 
painting,  763 
piles,  188-196,  X9S 
shrinkage,  table,  X4s8 
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Flmber,  diet  is  •lov*barmnt  ootattiuh 
tion,  759,  t6« 
stresses  (see  woods  in  questioii) 
ventilfttioB,  763 
weight,  150Z-X509, 155B 
working  unit  stresses,  647,  648,  650, 
X138 
nine,  measures.  30 

unit  o|,  1 147 
rin*  block,  pipe,  14x9 
brands.  1588 
casting,  1521 

fire-doors,  894-897,  901^04,  x8s3 
gutters,    1590 
lined  pipe,  14x5 
roofing,  80 X,  XS88-X595 

cost,  1046,  XS89,  1593,  1S94 

covering  capacity,  z 591-1594 

durability,  15  89 

gutters,  X590 

iBLying,  X  590- 1 593 

painting,  X5»o,  1589, 1590 

rolls,  1594 

valley,  X590 
sheets,  X588 
specific  gravity,  X508 
teme-platcs,  Z588 
weight,  733,  i049>  1508,  C53ip  ts88, 

1 591 
rinned  ftre-doort,  894-897,  90i--9O4, 

i8S3 
roncaa  metal,  X604 
ronion,  definition,  128 
Tvwr  (Glossary,  1848^  belt,  764,  765 

elevator,  764,  765,  768 

fire-escape,  .779 

stairway,  764.  765 

warehouses,  768,  779 

water,  wind-bracing,  XX84 
rower-<docka,  X695 
rracincs,  i7x8-t72o 

black-line  copies,  17x9 

blue-prints,  X7x8 

brown-line  copies,  1720 
rrain-sheds,  steel,  weight,  zsxo 

trusses  for,  X039 
rtanifarrad  hmt,  1684 
riansfonnerap  current,  1463 
rnnsmission  ol  h«at,  x 856-1 259*  1684 
ri»pozittm,  37 
f*«pe»ld,  37.  4P 

moment  of  inertia,  336, 337 

radius  of  gyration,  336 

section-modulus,  336 
rmp-rock,  13Z 

compressive  strength,  sSa,  287 

concrete  aggregate,  8x7 

specific  gravity  and  weight;  sSt,  i$46 
^ips,  plumbing,  14x0,  14x2-14x4 

drum,  X413,  X4X4 

grease,  X4T4 


Traps,  sewer,  1409 

ventilation,  14x2 
Trautwine's  fonHula*  depth  ol  keystone, 

309 
Travertiiie,  X3x 
Treads,  marble,  900 

rules  for,  X648 

slate,  900 

table,  X646,  X647 
Treasury  Department,  hot-water  heat- 
ing, 1303.  1308 
Tremies,  244 
Trenches,  as  affecting  foundations,  147 

preparing  for  footings,  226 
Triangles,  36,  39,  7i 

center  of  gravity,  292 

moment  of  inertia,  336 

oblique-angled,  9  a 

of  forces,  289 

radius  of  gyration,  336 

section-modulus,  336 

trigonometrical  functions,  91-94 
Trigonometry,  90-XX7 
Trim,  cement,  898 

electroplated,  898 

hollow-tile,  898,  899 

metal-covered,  894-899 
Trimmers,  floor,  728,  748 

safe  loads,  747 
Troy  weight,  29 
Truss-metal  lath,  885 
Trusses  (see  Roof-trasses) 
Tubing,  Benedict  nickel,  X4X5 

seamless-drawn,  14x5 
TungsteBt  specific  gravity  and  weight, 

1508 
Tungsten-lamps,  X444,  1447 
Tumhu^es,  386,  387, 397 
Tuscan  Order,  1699 

Under^xming,  2x4,  2x8-222 

Unit  stress,  definitions,  125,  xa6,  332. 

375,  "7a 
Unit  system,  reinforcement,  922 
Units,  system  of,  1247 

electrical    and    mechanical,    equiva- 
lents, 1248 
foot-pound-second  system,  X247 
Uxihrersity  of  DUnois,  tests  on  brick 
piers,  275 

tests  on  terra-cotta  piers,  277 
Urinsl-stalls,  dimensions  of,  X64X 
United  States  Govennent  buildings  hot- 
water  heettng,  X303,  1308,  1309 
United  States  measure  qi  tsIim,  29 
United    States    Naval     Obsefnttoxy, 

foundations,  25X 
Utah,  registration  law,  X779 

Vacuum-cleaners,  types,  X708 
Vacuum-gauges,  X248, 
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Vacnniiit  pumpA,  size,  1290 

systems,  steam-heating,  is87~X99x 
Valleys  and  cotters,  1590 
Valves,  equalizing,  caissons,  212 

heating,  symbol,  1350 
Vapor,  1249-1254  (see  Steam) 
Vaporizatioii,  heat  of,  1684 
Varnish,  1568,  1570,  i573 
Vault,  z  231-1243 

barrel,  1231-1235 

(Glossary),  1849 

framed,  1243 

groined,  1 235-1240,  1823 

legal  definition,  1855 

ribbed,  X240 

tile,  X243 
Vault-walls,  263-264 
Vaulting  (Glossary),  1822 
Velod^,  unit,  1247 
Veneer,  buildings,  269 

defined,  1855 
Vent-flues,  air-velocity,  1357 

coils,  1356 
Vent-pipes,  plumbing,  1407,  1410 

sizes,  14x0 
Vent-shafts,  fire-proof,  889 
Vento  heater,  X330-1332,  X338 
Ventilatins  fans,  X34X-X347, 1357 
Ventilation,  1348-1354 

air  required,  amounts,  1260,  i3S4i  X3S^ 

buildings,  X348-Z354>  1356 

capacity  of  fans,  X341 

fans,  X34i-r347,  X3S7 

furnace-heating,  13x3 

gravity  indirect  heating,  1299 

hot-blast  system,  1325,  1327 

laws,  X3S4 

mill-buildings,  769,  775-776 

saw-tooth  roofs,  776 

systems,  X349 

timbers,  763 

warehouses,  776 

workshops,  769,  X353 
Verona  radiators,  X266 
Vibration  of  machinery,  763 
Volt,  defined,  X457 
Voltage,  candle-power,  X462 
Volume,  measures,  27,  31,  1247 
Volumes,  geometrical,  38,  60-65 
Vonsaoirs,  arch,  3051  31  x»  3^3 

center  of  gravity,  3i3i  3i8 

Walks,  cement,  239 

Wan  (see,  also,  Brickwork,  Biasonry, 
Stonewoik,  etc*) 
ashlar,  thickness,  233 
basement,  228,  229 
bearing-plates  on,  442 
breast,  262-263 
brick,  229 
backing,  269 


200,    aa8,    3i 


WtH,  brick,  orer  openings,  3x8 

safe  loads,  26s,  44Z 
buckling,  229 

buildings,  mercantile,  230-259 
cantilevering,  169 
cellar,  129,  228,  229 
cement-block-faced,  369 
center  of  gravity,  300,  30X 
concrete,  229.  946-947,  96s«  966 

cost,  250 
concrete  blocks,  233 
crushing  height,  269,  270 
curtain,  334 
dwellings,  230,  332 
external,  thickness,  229,  23X 
face,  269 
faced,  with  ashlar,  333,  269 

with  cement  blocks,  369 

with  terra-cotta,  369 
fire,  765 

fire-resbtance,  339,  234 
footings  (see  Footings) 
foundation,     129, 

979 
heat-transmission,  X356 

hollow-tile,  233 

loads  over  openings,  3x8 

mills  and  factories,  760,   765,  ^ 
778,  809 

needling,  218-223 

openings  in,  3x8,  778 

parapet,  768 

party,  334 

reiniorced-concxete,  946,     948,    9I 
975,  978 

retaining  (see  Retainiiig-'wnll) 

roof,  768 

safe  loads,  265-267 

self-sustaining,  334 
■  shoring,  2x4-233 

skeleton  construction,  234 

stability,  339,  301 

stone,  339,  333 
safe  loads,  266,  367 

8tone*faoed,  333,  369 
ashlar,  333,  369 

strength,  365-367,  369,  370 

superstructure,  339-334 

supports,  girders,  79s 

terra-cotta  facing,  369 

thickness,    339-334,    360-261,  ati 
760 

tile,  hollow,  333 

tiling,  x6o4,  x6os,  X607 

underpinning,  2x4,  3x8-333 

vault,  363-364 

warehouses,  330-333,  768,  778 
WalMiearte,  asbestos,  8x9 

metal-rib,  888 
Wan-boses,  783,  78s,  786,  792.  m 
WaU-hanfen  (see  HmngcEa) 
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^%0-opadflfi»  318,  778 
a]l-]ripe  (furnaces)  dimensioos,  1330 
tH-piatton  (see  Plaster) 
'^«n-platM,  beams  and  girders,   783* 

78s,  787,  788,  793 
roof-trusses,   1150-1159,  II56,  1158 

1x65,  1x68 
=  ahrat»  hardness,  1558 
specific  gravity,  1508 
unit  stresses,  651 
weight,  651,  X508,  1558 
•r  DepttrtmMta  hot-water  heating, 

1303 
'ardrobes,  dimensions,  1638, 1640 
'arehooaea,  basement  walls,  S39 

beams,  76s,  7^3>  779i  800 

boilers,  780 

cast-iron  columns,  780,  781 

cement  floors,  893 

construction,  general,  758^810 

cost,  777,  803-8x0 

defined,  1855 

fire-escape,  768,  778 

fireproofing,  780-783 

fire-protection  (see  sprinklers, below) 

floor-areas,  76s,  777,  778 

floor-loads,  721,  X198 

floors,  764,  777,  89a,  893 
sixe  and  weight  of  I  beams,  8^3 

girders,  762.  763i  779"8oo 

gravity-tanks,  779 

heating,  776 

height,  777 

live  loada,  731 

mill-construction  for,  777'^83 

openings  in  walls,  778 

roofs,  768,  772,  800 

roofing- materials,  800,  Sox 

scuppers,  767 

sprinklers,  768,  77  7f  779.  801,  903- 
90s 

stairs,  759,  764.  768,  778,  779.  8x0 

standpipes,  768,  8ox,  905 

steel,  weight,  2208 

story-heights,  765 

structural  details,  780,  788,  8x0 

towers,  768,  779 

ventilation,  776 

walls,  230-232,  768,  778 

wooden    columns    versus    iron    and 
steel,  780 

water-supplies,  803 
rarren  trnss*  types,  1030,  2031 

stresses,  X089-X09X 
^aahf-baama,  dimensions,  X64X 
Taahersy  437,  XX57-X160 

beveled,  437,  x2oa 
raahington  buHdiiic  code*  steel  col- 
umns, 48X 
raihinfton  lfoiiiim«Bt,  foundations, 

331 


WaaIi*pipeg,foQiidatlon»bed  testing,  144 
Waali-etinda,  ditnensioDi  of,  1638 
Waali-tuba,  X4xa 
Waate-pipea,   i407*x4ix,   1416,   X4i7t 

X427 
Wastft-stacks,  expansion,  X437 
Water,  density,  1247 

evaporation,  X25X-X334 

filters,  X431 

flow  in  pipes,  X383-X38S 

freezing-p<Hnt,  1350 

hard,  softening,  1429 

head,  X381-1383.  1389 

heating,  house-supply,  1430 

Incrustation  of  tanks,  1429 

pressure,  X381,  1382,  X389 

properties,  X38X 

required  for  mortar,  338 

softening,  X429 

specific  grav.ty,  X38X,  1300, 1308 

supply,  802,  1390-1398,  1415 

tanks  (see  Tanka) 

temperatures,  boiKng,  xssi 

weight,  138X,  X300, 1508 
Water-backa,  capacity,  1430 
Watecvdoaeli,  1411,  r438, 164X 
Water-curtains,  90X,  903 
Water-flltera,  X42X 
Water-gaa,  X43X 
Wbter-heaters,  1431,  X435 
Water-metera,  1425 
Water-pipes  (see  Pipe*) 
Water-aeal,  X4X3 
Water-supply,  1390-1398,  X4xs 

fire-protection,  802 
Water-tables,  stone,  1539 
Water-tanks  (see  Tanka) 
Water-towers,  wind-bracing,  1x84 
Waterpcooflng,  X70^X7X7 

cement,  X7xz,  17x7 

concrete,  246,  X7xz,  17x7 
foundations,  X709 

external,  17x3 

foundations,  X709-X7X7 

water-proof  cement,  X7X4 
paper,  X567 
Watt,  33,  1248,  X4S9 
Web   (see,  also,  Box  Oirders,  Plate 
girders,  and  Beams,  steel) 

box  girders,  buckling  value,  686,  70s 
shearing  value,  684,  703 
stiff eners,  68 x,  686,  692,  696,  X20X, 
X203 

domes,  X24r 

plate  girders,  68r,  703*7x6 
buckling  value,  686,  705 
•  shearing  value,  703 
stresses,  684,  686,  691 

steel  beams,  web-buckKng,  t8t-x85, 

565,  567-569.  6",  627 
wsb-thickness,  593 
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Weiglit  (lee  each  substeaco,  ^nd  alM 
Loads) 
adttlt  penooa,  1644 
measures  of,  2^-29 
metxic  lystan,  3s 
merchandise,  731-713 
sash,  X649-165X 

substances,  per  cubic  footi  t50S-l5o8 
unit  of,  Z347 
Weights  and  mea«u«s,  35-35 
Weld,  iron,  377 

steel,  377 
WeldedHOMtil  labfk,  948*^49 
Wellincton's  fomula  for  pile  fowida- 

ttona,  193 
Wells,  dredged,  foundations,  810 
driven,  watttr<4up|rty,  2391 
foundations  affected,  147 
Welfbaeh  &miwo»  X444-14SZ 
Wemliagw  shee^-paiiig,  ao9 
Wheat,  weight,  723 
White-oofttimb  plastering,  i5S5 
White  pine,  beams,  coefficients  lor,  628 
deflection,  664 
fiber-itress,  flexure,  safe,  557^  $47* 

648,  XZ38 
safe  loads,  639 
columns,  safe  loads,  450,  452 
crushing-loads,  with  the  grain,  449, 

650 
crushing  streagth,  across  the  gmi«» 

454.  650 
hardness,  1558 
modulus,  of  elasticity,  647,  664 

of  rupture,  650 
safe  loads  on  columns,  450^  45  a 
shearing-stresaes,  41  >,  ^41 » 648,  kjA 
specific  gravity,  1507 
stiffness,  664 

tension,  376,  (47t  648.  650,  113^ 
unit  stresses,  376,  4x2,  647,  650,  XZ38 
weight,  650,  1507,  1558 
Whitewood    (poplar),    columns,   safe 
loads,  4$o.  45  a 
crushing-loads,  with  the  grain,  449 
hardness,  1558 

•pecificgravity  and  weight,65z ,  <50T 

unit  stresses,  65T 
Wind*  force  of,  17x7 

pressure,  xx7x-f  X73 

resistance,  Z175 

stresses,  bracing,  XZ76-XX83 
trusses,  XX09-XXX8,  IX23-XZ48 
Wmd-brtdag,  iz7x«xx93 

building  law,  XZ7X-XX72,  {176, 1202 

column-connections,         1174*1x75, 
XZ79,  X189,  1x90 

columns,  typea,  1x83 

conditions  determioixig,  1x79 

deUils,  1x89,  X190 


^IHiul^bradiic*  enunplfls,  tiftT-ii^s 

general  theory,  x  x  73-1  x  74 
gusset-plate  type,  1176,  xi79*  id| 

Z190 
knee-brace  type,  1x76,  1179,  xx8o 
lattice-girder  ^pe,  X176,  xi8i         | 
moment-increments,  X176, 11 78 
portal  type,  X176,  xxSa 
resistance-factors,  indetccminate,iql 
stresses,  computation  of,  iXT^iiti 
sway-rods,  1x76,  zxSz 
types,  zi74'XX76,  xz»7'XX99 
water-towers,  Z184 

^nnd-ioftas,  X053, 1Z9S 

Wind-chMds.  scuppers,  767 
Wtnd-stresaes  (see  Stresses) 
WhulmiUs,  capacity,  1394 
Window-fiMMS,  broDxe,  895 

fire-resisting,  902 

Kalamein  iron,  89s 

metal,  897 

metal-covered,  895 

mill-construction.  764 
Window -sashes,  fire-reaistmg,  90s 

meUl.  897 

metal-covered,  895 
'    weights,  X649-X6SX 
WfaMlow-silky  Stone,  X534 
Windows,  bay  (Gloaaary),  1802 

fire-protection,  90X 

glazing,  1573-1580 

heat-transmission,  X358 

loads  over,  318 

metal-frame-and-wire-giass,  901-901 

mill-QonstnictioB,  739,  7631  769 
saw-tooth,  772,  775,  778 

sheet-metal,  902 

water-curtains.  9ox,  903 

wire-glass  in  warehouses,  778 
WinskMr  fotssnls,  wooden  ooluaus,  45: 
Wire,  402.  403 

annealed,  15x3 

aviator,  40X 

Bessemer,  15x3 

bright,  15x3 

copper,  40X.  S469,  X470>  X474.  X5U 

electric  wiring,  1466-1485  (a 
Wiring) 
calculations,  1469-1479 
UgiHing,  Z469 
resistance,  •X474 

fabric,  reinforcessent,  850 

feed,  1478 

finish,  400 

fire-detcctlttg,  903 

galvanized,  406,  15x3 

gauges,  40X,  1469, 1509,  xsxs 

gufi-ecrew,  13x3 

in  glass,  759,  82  x 

iron,  4»s 

Uth,  887 


Inda 


1907 


Wire,  length  per  pound,  403 
machinery,  15x3 
manufacture,  400,  2513 
market,  15x3 
nails,  1539 
piano,  401 
plough,  40X 
rope,  404-406 

freight,  403,  1474.  151  a 
aize  and  weights,  403,  1474,  1475, 

X477,  XS12 
steel,  400,  40X,  403,  404,  406,  XSX3 
strength,  400-40X,  403,  xsxa 
telegraph,  40X 
telephone,  40X 
tinned.  15x3 
uses,  401 
Xnr»>slasa,  759,  778,  Sax 
KHre-meth,  9x9 

firing,  electric-lighting,  X466-X485 
cabinet,  1477 
conduits,  X479 
cost,  X48a 

national  electrical  code,  X480 
specifications,  X482 
symbols,  X476-X478,  X484 
tables,  X475 
Tlmooamn,  registration  law,  X779 
food  (see,  also.  Lumber,  Tlinber,  and 
wood  in  question) 
beams  (see  Beams) 
columns  (see  Colimas,  wooden) 
compression,  across  the  grain,  454, 
647,  650,  651,  X138 
with  the  grain,  449,  647,  650,  65X, 
XX38 
fire-proof,  820,  894 
flexure,  557,  647,  650,  65X,  XX38 
friction-coefficient,  353 
fuel,  1272 

hardness,  relative,  X558 
metal-covered,  894-895 
modulus  01  elasticity,  647,  664 
painting,  X569-X572 
shear,  4x2,  647-65X,  1x38 
sheathing,  X049,  1563,  1564 
specific  gravity,  x  501-1 508 
tension,  376,  647,  650,  65X,  X138 
^^eigbt,  650,  65X,  X50X-X508,  1558 
'working  stresses,  647,  648,  650,  X138 
00I9  weight,  72X 
odK,  contractor's  changes,  X757 
energy,  X248 

[>rkiiic  streases  (see  Stress  and  ma- 
terials in  question) 
»rkSy  Clerk  of  the,  X728,  X733 
yrlcaliops,  slow-burning,  769-7  7  x 
irentilation,  769,  X353 
-onsht  iron,  377 
appearance,  377 
>«a]ns,  coefficients  for,  628 


WroDtlit  iron*  beams,  deflection,  664 

stiffness,  664 
bending  moments,.  43  x 
bolts,  43X,  X138 

bearing  strength,  1x38 
chains,  408,  4x0 
compression,  bolts,  X138 
crushing-loads,  449 
elongation,  378,  4x0 
finish,  378 
fire-resistance,  8x9 
flexure,  431,  557,  "38 
grades,  378 
manufacture  of,  378 
modulus  of  elasticity,  664 
physical  properties,  377,  378 
pipe,  X408,  X429,  X433-X436 
reinforcement,  907 
rivets,  4x8 
rope,  404-406 

shearing-stresses,  4x2,  431, 1x38 
specific  gravity,  xsos,  xsxo 
specifications,  377-378 
stirrups,  750,  757 

tension,  376,  377-378,  410,  43 Xf  XX38 
tests,  377-379 
use,  377 
weight,  X505,  X5XO,  xsax 

estimating,  X52x 

sheets,  X5X0 
welding,  377 
yield-point,  378 

TeUow  pine,  beams,  coefficients  for,  628 
deflection,  664 

fiber-stress,  flexure,  557,  647,  648 
safe  loads,  642,  643,  666 
columns,  safe  loads,  450,  45  x,  452 
crushing-loads,  with  the  grain,  449, 

650 
crushing  strength,  across  the  grain, 

464,  650 
hardness,  X558 

modulus  of  elastidty,  647.  664 
modulus  of  rupture,  650 
safe  loads  on  columns,  450,  45  x 
shearing-stresses,  4x2,  647,  648,  650 
specific  gravity,  XS07 
stiffness,  664 

tension,  376,  647i  648,  650 
unit  stresses,  376,  4x2,  647*  648,  650 
weight,  650,  1507,  X508 
Tield-point,  steel.  38X,  383,  9x2,  9x3 

wrought  iron,  378 
Younc's  modulus,  X26 

Z  bars,  base  price,  X204 

purlins,  1x69 
Zinc,  castings,  shrinkage,  X52X 

specific  gravity  and  weight,  X508 
Zone  of  sphere,  vqlume,  64 
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